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Consumers and meat: Satisfaction, sustainability and self-indulgence. How does meat contribute to consumer 
well-being? (#1)

Klaus Grunert
Aarhus University, NSW 2350 Armidale, Denmark

How does meat contribute to consumer well-being? In this presentation we 
will try to answer this question not in terms of nutrition and human physiol-
ogy, but based on consumer perceptions and consumer values. We draw on 
research on well-being that distinguishes a cognitive and an affective com-
ponent of well-being, where the former is related to a cognitive judgment of 
satisfaction and the latter to a feeling of happiness. Meat contributes to – or 
detracts from - well-being in both ways, with consumers forming judgements 
of how satisfied they are with sensory, health and ethical properties of meat, 
and at the same time developing spontaneous positive or negative feelings 
about a piece of meat, the way it looks and tastes, and the way is has been 
produced.
In order to understand these relationships, we will look at the cognitive pro-
cesses by which consumers form expectations about the quality of meat 
based on the intrinsic and extrinsic cues available when making meat pur-
chases, as well as at the spontaneous affect that such cues elicit. We will 
also look at how, during consumption, meat results in sensory and informa-
tional gratification, and how these together result in judgements of satisfac-

tion and the formation of intentions with regard to future purchases. We will 
try to address how these judgements of satisfaction along with spontaneous 
emotional reactions result in the overall contribution to well-being.
With this as a conceptual framework, we will discuss three topical issues in 
the meat sector. First, we will look at the increasing importance of extrinsic 
cues in the marketing of meat and in the way consumers from judgments 
about the quality of meat, with special focus on extrinsic cues related to 
safety, health and sustainability, drawing on data from different continents. 
Second, we will look at the issue of trust and credibility, discussing the chal-
lenge that extrinsic cues relating to issues like health and sustainability will 
have market relevance only if consumers regard them as credible and regard 
the source behind them as trustworthy. Use of 3rd party certification and 
branding will be invoked in this context as potential trust building measures 
in the meat sector. Third, we will look at the potential for meat substitutes 
and the extent to which future meat products and what today is called meat 
substitutes indeed are substitutes. We will finish with implications for the 
meat sector.
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When the obvious becomes problematic – The ethics of turning animals into meat (#3)

Mickey Gjerris
University of Copenhagen, Department of Food and Resource Economics, Frederiksberg C, Denmark

Introduction
To many it is simply part of human nature to hunt, produce and eat meat. 
Nonetheless the ideology of carnism has been under increasing criticism 
since the 1960´ies and especially the past 10 years have seen an increasing 
public awareness that eating meat might be more ethically problematic than 
most of us thought.
Ethics
Ethics is the attempt to figure out what we ought to do of all the things that 
we can do. It is making claims about what is good and what means to reach 
what is considered good that are acceptable. Obviously there is not one an-
swer to those questions, but competing theories that each try to argue their 
case through different approaches to the phenomena of ethics. 

Animal production
The public debate on animal production can be divided into two main 
themes: The direct consequences for the animals involved in the produc-
tion and consumption of meat and the indirect consequences that impacts 
humans, other animals and nature as such. As animal production comes in 
many varieties, I will limit myself to discuss the intensive animal production 
developed since World War II in the industrialized world. Here questions of 
the welfare of the animals have played a central role since the 1970´ies. Dif-
ferent paradigms for animal welfare have been developed both in animal 
welfare science and animal ethics. Few will claim that e.g. intensive broiler 
chicken, pig or milk production provides the animals with an optimal welfare, 
but rather discuss whether the welfare provided for the animals is sufficient 
to be ethically acceptable. Besides welfare concerns many ethical theo-
ries claim that questions around both the integrity and death of the animals 
should also be seen as ethically relevant when assessing animal production.

The indirect consequences are mainly centered on the health effects of 
consuming animal protein and the effects on ecosystems through land-use, 
pollution and contribution to greenhouse gas emissions. Several studies 
suggests that over-consumption of animal protein, especially processed 
meat and red meat can have negative health effects for humans including 
increased risk of developing cancer. Side effects of animal production such 
as loss of biodiversity due to feed production, pollution of air, water and soil 
and greenhouse gas emissions can also lead to human health issues, but 
also holds risks for ecosystems, wild animals etc.

All these issues have contributed to the current situation where the produc-
tion and consumption of animal protein is moving from being an unproblem-
atic practice to an ethical discussion of whether it can be justified. In short: 
Is it good and right to eat meat?

Ethical considerations
As stated earlier an ethical evaluation of a certain practice can only be done 
based on a pre-understanding of what is good and what is right. My point 
of departure is based on a virtue ethical perspective and can briefly be ex-
pressed like this:

Part of living a flourishing life is to develop character traits (virtues) such as 
compassion, temperance and respectfulness. Thus the virtuous person will 
not cause harm, pain, suffering etc. to other sentient beings unless 1: It is for 
the benefit of the being itself or 2: It is necessary as a lesser evil.

Looking at the direct consequences of meat production and consumption for 
the animals involved and the indirect consequences for wildlife and humans 
in the shape of climate change, degradation of eco-systems etc. it seems 
initially that intensive animal production involving e.g. foot pad dermatitis 
in broiler chicken production, tail docking in pig production and separation 
of cow and calf short after birth in milk production is ethically problematic 
as the individual animal is obviously harmed by practices that cannot be 
understood as a case of doing something to benefit the animal itself, but 
rather something that happens to ensure an effective production (I here as-
sume that it is uncontroversial to regard chickens, pigs and cows as sentient 
beings). Thus to argue for the ethical acceptability of the production it is 
necessary to show that it constitutes a lesser evil.

To the extent that meat production and consumption protects vital human 
interest with regard to e.g., food security and dietary needs, it is possible to 
evaluate it as a lesser evil. To the extent it does not, the lesser evil must be to 
discontinue the production as it harms vital interests of the animals to satisfy 
non-vital human interests which cannot be said to be an expression of the 
virtues of compassion, temperance and respectfulness.

The ethical discussion of animal production as seen from this ethical per-
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spective thus involves both explicating how the relevant virtues should be 
expressed with regard to animals and assessing the different human and 
animal interests involved. Based on this the conclusion is that a transition 
towards plant-based protein alternatives that take into account vital animal 
and human interests should be promoted as this seems the best way to ex-
press a virtuous character.
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To target or not to target? Definitions and nomenclature for targeted versus non-targeted analytical food  
authentication (#30)

Nicolai Zederkopff Ballin1, Kristian H. Laursen2

1 Danish Veterinary and Food Administration, Ringsted, Denmark; 2 University of Copenhagen, Faculty of Science, Department of Plant and Environmental Sciences, Plants and Soil Science Section & 
Copenhagen Science Centre, Copenhagen, Denmark 

Introduction:
Analytical methods that can offer fast, cost-effective, and reliable food au-
thenticity testing at several points in the food production and retail chain 
are urgently requested. Consequently, the number of authentication studies 
has increased by more than 300% from year 2007-2016 (Figure 1). Targeted 
methods have much to offer but it is increasingly acknowledged that food 
is a complex matrix and should thus be treated and analyzed by techniques 
that can embrace this complexity. This is reflected in the increase in non-tar-
geted studies from 34% to 42% during the same period (Figure 1). However, 
this increase in non-targeted authentication studies is not mirrored in its use 
in regulatory food control. One explanation for the limited implementation is 
the absence of standardized validation procedures for non-targeted meth-
ods, common nomenclature, and definitions. The increasing use of non-tar-
geted analyses across several scientific disciplines has brought togeth-
er a mixture of analytical traditions and terminologies, and terms such as 
profiling, signature, fingerprinting, analytical marker, etc. are inconsistently 
used. At the conference, novel definitions and nomenclature of targeted and 
non-targeted authentication methods will be presented as a step towards 
harmonization.
Methods:
Nomenclature in analytical food authentication was reviewed in various sci-
entific disciplines. Terms and concepts were gathered and compared to pro-
pose common nomenclature and definitions.
Results:
Biological and chemical examples of targeted and non-targeted approaches 
will be presented while discussing the associated possibilities and limita-
tions for analytical food authentication. Definitions are proposed for targeted 
and non-targeted methods, fingerprints, profiles, and signatures. Further-
more, we will introduce the terms primary and secondary markers, to direct 
focus towards the cases where the analytical results are different from the 
reported results (Figure 2). To further understand these differences, consider 
the methods for Sudan dyes in spices where the analytical result (Sudan 
dye) and the reported result (Sudan dye) is the same, and on the contrary, 
methods for protein determination where the analytical result (nitrogen) is 
different from the reported result (protein). The discrepancy between the an-
alytical result and the reported result turned out to dominate most analytical 
food authentications. It is therefore pertinent to explicitly address this dif-
ference, and the terms direct and indirect authentication will be introduced 
through examples with meat fraud. The implications and consequences of 

the reporting of indirect authentication will also be discussed.
Conclusion:
Defining terms and concepts in analytical food authentication is a prereq-
uisite for standardizing validation protocols for non-targeted authentication 
methods. Hopefully, these proposed definitions, terms, and concepts in an-
alytical food authentication will initiate further work on harmonization and 
standardization of non-targeted validation procedures. Standardized valida-
tion procedure for non-targeted methods will strongly support implementa-
tion of non-targeted authentication methods in regulatory control.

 
Figure 1 The development in numbers of food authentication studies based 
on targeted versus non-targeted analytical methods from 2007 to 2016. 
(Ballin and Laursen. Trends in Food Science & Technology. 2019; 86, 
537-543).Ballin, Nicolai Zederkopff
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Figure 2 
The principles of targeted versus non-targeted analytical food  
authentication.

 
The first horizontal arrows (from the left) illustrate if single/
dual targets, several targets, unspecified targets or data points are 
measured. Red bullseye represents a primary marker, yellow bullseye 
represents a secondary marker, and a grey dartboard illustrates that 
no specified targets are addressed but that the measured targets/
data points are still within a closed entity, e.g. proteomics, me-
tabolomics, etc. The arrows after the dartboards illustrate the fate 
of the analytical result – either a direct authentication result, or 
an indirect authentication result following a comparison to a legal 
limit, a threshold value/database, or a database/reference.  

(Ballin and Laursen. Trends in Food Science & Technology. 2019; 86, 
537-543).
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Phages for Food Safety: phage application against Yersinia (#663)

Jin Woo Jun
Korea National College of Agriculture and Fisheries, Department of Aquaculture, Jeonju, South Korea 

Short Abstract

Introduction:
Yersiniosis is recognized globally as an important zoonotic disease. Con-
sumption of raw or undercooked contaminated pork is the main source 
of this disease in humans. It can also be contracted through contact with 
someone who has handled a contaminated pork product or contact with 
infected animals or their feces, and, less commonly, by ingestion of con-
taminated milk or untreated water. Yersinia enterocolitica, the primary cause 
of yersiniosis, is one of the most important foodborne pathogens. Bacterio-
phages (phages) have been recognized as potential tools to control bacterial 
pathogens in food instead of antibiotics, the application of which in food is 
becoming increasingly restricted due to their limitations. In the current study, 
four virulent bacteriophages (phages) capable of infecting Y. enterocolitica 
were isolated and characterized. Our aim was to evaluate the effectiveness 
of Yersinia phages against Y. enterocolitica in pork products and on kitchen 
utensils.
Methods:
Phage isolation was performed using a standard enrichment method with 
two indicator bacteria, Y. enterocolitica O:3 strain 6471/76 and Y. enterocolitica 
O:9 strain Ruokola/71. For morphological analysis, phages (109 plaque-form-
ing units [PFU]/ml of each phage) were negatively stained with 2% uranyl 
acetate, and electron micrographs were taken using JEM 1010 (JEOL, Tokyo, 
Japan) and JEM 1400 (JEOL) transmission electron microscopes at an ac-
celerating voltage of 80 kV. To determine the burst sizes and latent periods 
of the phages, one-step growth curve analyses were performed. For phage 

genome characterization, sequencing was carried out using a MiSeq PE300 
sequencer (Illumina) with a read length of 300 nucleotides. To evaluate the 
effectiveness of phage, we designed an experimental model of the food mar-
ket environment: raw minced pork, ready-to-eat barbequed pork loin, and 
milk were purchased from grocery stores; cutting boards, knives, artificial 
hands were prepared.
Results:
Phage, fHe-Yen9-01 had the broadest host range (61.3% of strains, 65/106). It 
demonstrated a latent period of 35 min and a burst size of 33 plaque-form-
ing units/cell, and was found to have a genome of 167,773 bp with 34.79% 
GC content. Phage treatment after bacterial inoculation of food samples, in-
cluding raw pork (4 °C, 72 h), ready-to-eat pork (26 °C, 12 h), and milk (4 °C, 
72 h), prevented bacterial growth throughout the experiments, with counts 
decreasing by 1-3 logs from the original levels of 2–4 × 103 CFU/g or ml. 
Similarly, when artificially contaminated kitchen utensils, such as wooden 
and plastic cutting boards and knives, and artificial hands, were treated with 
phages for 2 h, bacterial growth was effectively inhibited, with counts de-
creasing by 1-2 logs from the original levels of ca 104 CFU/ cm2 or ml.
Conclusion:
To the best of our knowledge, this is the first report of the successful ap-
plication of phages for the control of Y. enterocolitica growth in food and on 
kitchen utensils. This study emphasizes the potential benefits of applying 
phages to various objects, from food to kitchen utensils, for the control of 
foodborne infections.
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Understanding determinants of consumer acceptability for meat and meat substitutes (#5)

John Prescott1

1 Taste Matters Research & Consulting, Sydney, Australia; 2 Università degli Studi di Firenze, Firenze, Italy 

Short Abstract

It is recognised that individual differences in consumer sensory perceptions 
of foods are important influences on food preferences and choices. More 
recently there has been an additional focus on dimensions of personality 
which have also been demonstrated to be important sources of variations in 
food choices. Of these, the traits of food neophobia (FN) and disgust sensi-
tivity (DS) have been found to be particularly important influences on meat 
products and on the adoption of other non-animal protein sources such as 
insects in foods. This presentation will outline recent findings of the rela-
tionship between FN and DS and food choices, and consider the underly-
ing processes that lead to food rejections. Our view of FN in particular has 
broadened in recent years, and is now considered important in all food pref-
erences, and not just novel foods. High FN persists into adulthood in a sub-
stantial proportion of the population and is associated with reduced dietary 

variety, which is most evident in measures of the acceptability and intake of 
both protein and plant foods as well as in higher numbers of disliked foods 
overall. Both FN and DS can be shown to be associated with higher levels 
of arousal, which likely mediates negative responses to foods. In addition, 
recent research into genetic variations in taste sensitivity, together with oth-
er personality traits such as empathic responsiveness, have confirmed a role 
for these variations in the balance of plant and animal foods in the diet, and 
has helped our understanding of the impact of DS and vegetarianism (both 
moral and disgust-based) on food choices. For example, bitterness sensitiv-
ity is positively correlated with DS based on fear of pathogens, which in turn 
is also positively associated with meat consumption and lower vegetable 
preferences.
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K-04-01

Modernisation of meat inspection of pigs by use of risk assessments – an evidence-based approach (#29)

Lis Alban
Landbrug & Fødevarer FmbA, Aarhus N, Denmark

Introduction:
In 2004, the European Union (EU) legislation opened for a change in meat 
inspection of finishing pigs, raised indoors, if a risk assessment could show 
that such a change would not be associated with an increase in risk related 
to food safety, animal health, or animal welfare. In Denmark, several risk as-
sessments have been undertaken to address this issue.
Materials and methods:
The risk assessment framework developed by the World Organisation for 
Animal Health (OIE) was used. This includes hazard identification followed 
by an assessment of release, exposure, and consequences, integrated into 
a risk estimate. To address these elements, we collected samples from ab-
attoirs and subjected them to standard laboratory investigation. Moreover, 
slaughterhouse statistics, literature and expert opinion were used. The work 
was undertaken in collaboration between academia, industry, and veterinary 
authorities.
Results:
The first assessment dealt with the mandibular lymph nodes and the heart, 
the second with the intestinal lymph nodes, and the third with the lungs 
and the liver. For each of these organs, we looked at what would happen if 
routine incisions and palpations were no longer undertaken. This included 
addressing what we would miss, how often, and what the consequences of 
this might be.
Next, focus was directed to carcasses with embolic pneumonia. They may 
be missed, if the lungs are not palpated routinely, and lesions are not detect-
ed in other organs. In this study, finishing pigs with embolic pneumonia were 
identified. Samples were taken from the heart, liver, spleen, kidney, lungs, 
joints and muscles. This study showed that the animals had in most cases 
cleared themselves from the original infection. Moreover, if bacteria were 
present, they were not considered meat-borne. Staphylococcus aureus was 
the most commonly found bacteria, with the highest prevalence in the lungs 
(10/19 and with high quantitative numbers) and a lower prevalence in the 
muscles (6/19 and with a low quantitative number). S. aureus is considered 
an occupational hazard.   
Then, focus was broadened to cover purulent lesions indicative of prior sep-
ticaemia, caused by a tail bite, months earlier. According to the Danish leg-
islation at that time, such cases should be subjected to a so-called pyaemia 
examination, focusing on the predilection sites of abscesses. Acute cases 
should be condemned, and chronic cases should be subjected to de-boning. 
Use of de-boning was introduced to ensure detection of osteomyelitis, not 
found in the rework area. The associated annual costs have been estimated 

to approx. €3 million. Some of the questions we wanted to address were: 1) 
Is the meat from these pigs fit for human consumption? 2) Are the meat in-
spectors able to find what they should find using the pyaemia examination? 
and 3) Which alternative practices could replace de-boning?
The studies involved samples from finisher pigs and sows with purulent le-
sions indicative of prior septicaemia. For each case, samples were taken 
from abscesses present and muscle on the distal part of the right foreleg. 
As a control group, we collected muscle samples from the right foreleg from 
finishers and sows, fully approved at meat inspection. The results showed 
that most abscesses were found during the pyaemia examination – leaving 
very few to be discovered at de-boning. The bacteria present in abscesses 
were not considered meat-borne, and if bacteria were present in meat then 
it was in very low numbers. There was no association between presence of 
bacteria in the abscesses and in the meat.
The next step was an implementation study, where information about the 
location of abscesses, overlooked at the pyaemia examination was collected 
and used to update this examination. This resulted in an amendment of the 
Danish legislation, so today it is possible for an abattoir to replace the man-
datory de-boning with an updated and extended pyaemia examination. The 
new legislation is expected to lead to less category 2 animal by-products 
requiring pressure sterilisation.
Discussion and conclusion:
In 2011, EFSA published an Opinion addressing the hazards, which should 
be covered by meat inspection for swine. In that Opinion, EFSA stated that 
traditional meat inspection in swine could safely be replaced by visual-only 
(VO) inspection. In June 2014, the new EU Meat Inspection Regulation came 
into force stipulating that meat inspection of all swine – irrespective of age 
or production system – should be undertaken using a VO approach unless 
food chain information (FCI) or other information from ante and post mortem 
indicated otherwise. Most EU Member States (MS) were not ready for this, 
as it required implementation of a FCI system. Moreover, other MS were im-
peded to implement VO inspection because of trade agreements.
The incision-by-incision risk assessment approach described above en-
abled a gradual shift in inspection from traditional inspection to VO. In this 
way, the large Danish export-oriented abattoirs were able to document the 
safety of the new system to authorities, trade partners, and meat inspectors.
Research interests:
The research areas are epidemiology and risk assessment including risk-
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based surveillance-and-control for food safety and documentation of free-
dom from infection. Feasibility and economic considerations of how to mo-
tivate stakeholders to induce change of habits and ways of doing are of 
interest. Focus has been on hazards that play a role for the Danish livestock 

industry including antimicrobial use, resistance, and residues, modernisation 
of meat inspection, Salmonella, BSE, Trichinella, Toxoplasma, Cysticercus 
bovis, as well as Classical swine fever and the role of the wild boar.

 
Alban, Lis 
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Attitudes of Eastern European consumers towards surgical castration and immunocastration of piglets (#19)

Igor Tomasevic1, Maria Font-i-Furnols2, Luis Guerrero2, Ilija Djekic1, Marijke Aluwé3, Marjeta Čandek-Potokar4, Michel Bonneau5, Ulrike Weiler6

1 University of Belgrade, Faculty of Agriculture, Belgrade, Serbia; 2 IRTA, Product Quality, Monells, Spain; 3 ILVO, Flanders Research Institute for Animal Sciences Unit, Melle, Belgium; 4 Agricultural Insti-
tute of Slovenia, Ljubljana, Slovenia; 5 IFIP, The French Pork and Pig Institute, Le Rheu, France; 6 Universitat Hohenheim, Stuttgart, Germany 

Introduction:
Castration of male piglets is a common practice in pig husbandry performed 
to avoid boar taint, an offensive odour connected mainly with the presence 
of skatole and androstenone (Claus, Weiler, & Herzog, 1994) that can be 
perceived during the cooking and/or heating of pork from uncastrated male 
pigs. Taking into account relatively high animal welfare standards and dis-
crepancy in public interest in farm animal welfare and ethical issues across 
European countries, generalisation of findings from Western European con-
sumer studies to Eastern European countries would be quite questionable. 
Evenmore so because a general insight into Eastern European meat con-
sumers’ perceptions and behaviour is largely unavailable (Font-i-Furnols & 
Guerrero, 2014), except for a few studies published recently (Tomasevic et 
al., 2018). The aim of this research was to investigate the attitudes of Eastern 
European consumers regarding surgical and immuno-castration.
Methods:
The field survey on consumers’ attitudes and beliefs about castration and 
perception of meat from castrated pigs has been conducted during 2017 
using a questionnaire directed at 5,508 consumers of 13 Eastern Europe-
an countries (Bosnia and Herzegovina, Bulgaria, Czech Republic, Croatia, 
Macedonia, Hungary, Moldova, Poland, Romania, Serbia, Slovakia, Slove-
nia and Ukraine). A structured questionnaire was developed including 5 
statements regarding consumers’ attitude towards castration. Different sev-
en-point scales were used. In order to identify segments of consumers with 
similar attitude patterns, an Agglomerative Hierarchical Cluster Analysis was 
conducted (Ward method and Euclidian distance).
Results:
The largest Cluster 1, could be named as ‘Consumers against castration’, 
since this was the only cluster that significantly leaned towards the “I agree” 
end of the scale for the claim “Castration is not necessary” (4.5) and “Surgical 
castration is savage” (4.7). It was also unique in terms that these consumers 
were ambivalent about whether they prefer to eat meat from castrated pigs 
(3.9) while the rest of the Eastern European consumers in Clusters 2 and 3 
agreed with the statement (5.0 and 5.3, respectively). The attitudes towards 
castration for this group of consumers (Cluster 1) were also exceptional in 
terms that they considered surgical castration as something bad (3.3) and 
difficult to perform (5.0) while being indecisive if it was harmful or beneficial 
(3.9). The rest of the Eastern European consumers in Clusters 2 and 3 con-
sidered surgical castration as beneficial (4.9 and 5.9, respectively). Cluster 
2 could be named as ‘Consumers indifferent towards castration’ since their 

answers on 12 out of 14 statements were in between the answers from the 
respondents of Cluster 1 and Cluster 3. Moreover, their answers on half of 
the questions were mainly characterized by a high number of respondents 
positioning themselves in the middle of the scale. The only distinguishing 
characteristic of Cluster 2 consumers in the present survey, was their strong 
attitude that castrating pig was something artificial (5.7). Gender, place of 
growing up and age of the respondents were not a distinctive characteristic 
of the Cluster 3, as they were not with the Cluster 1 and Cluster 2, before. 
What distinct about Cluster 3 from the other two clusters is the disbelief that 
castration is not necessary (2.7), the disagreement that it is savage (3.0) and 
the preference for eating meat from castrated pigs (5.3). These consumers 
were also unique in terms of their attitudes towards castration because they 
were positive that it is beneficial (5.9), good (6.0), natural (1.9) and easy to 
perform (2.7). Thus, this cluster could be named as ‘Consumers pro-castra-
tion’. Similar to other clusters, they were ambivalent if the pig castration with 
vaccines is good or bad, and if they are willing to pay a little more for the 
meat from castrated pigs or if the meat from castrated pigs is leaner.
Conclusion:
In general, attitudes of the Eastern European consumers are not defined, 
probably because of the lack of knowledge towards these important issues. 
However, when consumers are classified in clusters, clear differences be-
tween them can be identified. In this sense, most of the consumers consid-
ered castration artificial, bad and difficult, some other consumers considered 
castration natural, good, easy and beneficial and, another group of consum-
ers have opinions in between them.
Acknowledgements:
The author(s) would like to acknowledge networking support by the COST 
Action (CA 15215): “Innovative approaches in pork production with entire 
males”.
References:
Claus, R., Weiler, U., & Herzog, A. (1994). Physiological as-
pects of androstenone and skatole formation in the boar—A re-
view with experimental data. Meat Science, 38(2), 289-305. 
Font-i-Furnols, M., & Guerrero, L. (2014). Consumer preference, behavior and per-
ception about meat and meat products: An overview. Meat Science, 98(3), 361-371. 
Tomasevic, I., Novakovic, S., Solowiej, B., Zdolec, N., Skunca, D., Krocko, M., 
. . . Djekic, I. (2018). Consumers’ perceptions, attitudes and perceived quality 
of game meat in ten European countries. Meat Science, 142, 5-13.
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Table 2.  
Description of the three clusters regarding attitudes toward castra-
tion1. 

 
Table 1.  
Description of the three clusters in terms of demographics 
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What do consumers like about roast chicken? (#628)

Linda Farmer1, 2, Terence Hagan1, 2, David Sanderson1, 2, David Farrell1, 2, Alan Gordon1, 2, Emma McDonald3, 2, Sam Smyth5, 2

1 Agri-Food and Biosciences Institute, Belfast, UK; 2 Agri-Food Quest Competence Centre, Belfast, UK; 3 Devenish Nutrition Limited, Belfast, UK; 4 Moy Park Ltd, Craigavon, UK; 5 J. Thompson & Sons, 
Belfast, UK 

Introduction
The consumption of chicken meat is increasing across the world. Previous 
work has indicated that consumer liking can vary considerably [Farmer et 
al., unpublished data]. While many studies have investigated the factors af-
fecting sensory quality of chicken meat [1, 2], few have investigated which 
attributes consumers like and which muscle components are required. This 
paper aims to identify those traits of most importance to consumers.
Methods
Whole chickens were obtained from one batch from 14 commercial sources, 
chosen to give a wide range of sensory qualities. The chickens were slaugh-
tered, processed and prepared as whole chickens according to commercial 
practice. They were blast frozen at 2-3 days post-slaughter, band-sawed into 
two halves, vacuum packed and stored at -20oC. Two breasts from 16 chick-
ens from each treatment were allocated to sensory profiling and chemical / 
spectroscopic analyses, respectively. The two halves of a further 32 chick-
ens were used for consumer panels in Northern Ireland and Great Britain.
Sensory profiling was conducted on chickens from 14 treatments using eight 
panellists trained to score chicken against 43 attributes using a line-scale (0-
100). Seven treatments were selected, based on greatest sensory differenc-
es, for consumer panels using 128 people at each of two locations. Samples 
were scored for aroma liking, flavour liking, tenderness, juiciness and overall 
liking on a line-scale (0-100). They also completed a socioeconomic and at-
titudinal questionnaire.
Random Effect Model variance component (REML) analysis was conduct-
ed. Cluster groups were generated using hierarchical cluster analysis and 
characterised using the responses to the questionnaire. External preference 
mapping was performed on sensory profiling and consumer acceptabili-
ty scores [3]. All statistical analysis was carried out using GenStat (VSN, 
Hemel Hempstead, UK).
Results
There were significant differences between sources for 18 sensory profiling 
attributes. Consumer panels on roast chickens from seven of these sources 
also gave significant differences between groups for flavour liking, tender-
ness, juiciness and overall liking. There were no differences between the con-
sumer results from GB and NI. Figure 1 shows the external preference map 
for these data. Principal component 1 (PC1, 54%) differentiates primarily on 
the colour of the cooked meat, while PC2 (30%) separates chicken types on 
texture, flavour and aftertaste attributes. Consumer liking scores are associ-

ated with both white appearance and tenderness, succulence, chicken flavour 
and intensity of flavour.
Three main cluster groups (CGs) were identified for overall liking. These CGs 
showed few socioeconomic or attitudinal differences but were instead dif-
ferentiated by their liking for different chicken groups, as shown in Figure 2. 
CG3 (n=107) liked all the chicken sources. CG1 (n=72) scored all the sources 
quite low while CG2 (n=57) differentiated between the sources.
Identifying which attributes are the main drivers for these differences is dif-
ficult when all attributes are considered together (Figure 1), so the analy-
sis was repeated using only flavour and aftertaste profiling attributes. This 
generated a simpler external preference map (Figure 3). Average consumer 
liking is associated with buttery, corn flavour and oily aftertaste. However, 
when consumers were grouped into flavour cluster groups (FCGs) based 
on their liking for different chicken types, they differed in their perceptions. 
The largest group (FCG4; n=112) liked all chickens. However, FCG1 (n=69) 
and FCG3 (n=45) differentiated between chicken groups, showing different 
and complimentary preferences for flavour. FCG2 was small and is not con-
sidered further.
Research is also investigating relationships with instrumentally and spectro-
scopically measured meat quality traits, flavour compounds and precursors 
(not included in this abstract).
Conclusion
Consumers and trained sensory panels differentiate clearly between chick-
ens from different sources, indicating clear differences in palatability. Differ-
ent consumers like different traits, and can be categorised into subgroups, 
cording to their overall liking and flavour liking for different types of chicken, 
indicating that there are markets for chickens with different attributes.
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Figure 2. Difference in overall liking scores between cluster groups 
for seven  
chicken sources 

 
Figure 1. External preference map for seven types of chicken of dif-
fering sensory 
quality (AR, AP, F 
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Figure 3 External preference map for flavour and aftertaste 
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Brain activation predicts risk perception and attitude change for food technologies (#211)

Tyler Davis1, Markus LaCour1, Erin Beyer2, Jessica L. Finck3, Markus Miller2

1 Texas Tech University, Psychological Sciences, Lubbock, US; 2 Texas Tech University, Animal and Food Sciences, Lubbock, US; 3 Merck Animal Health, Scientific Sales Affairs, Madison, US 

Introduction:
Compared to organic and traditional production techniques, food technol-
ogies such as GMOs and hormones are often seen as less positive, riskier, 
and lower value (Lusk et al., 2014). It is critical to understand the origins of 
consumer risk perceptions and attitudes, and their impact on receptiveness 
to information about food technologies. Previous neuroimaging research on 
food technologies has found that the lateral PFC, a region associated with 
processing economic uncertainty, tends to track participants’ choices to pay 
more for organic foods (Lusk et al., 2015) whereas the ventromedial PFC 
tracks people’s final subjective evaluations of foods (Crespi et al., 2015). We 
examined how regions of the brain tracked consumer attitudes, risk percep-
tion, and change in these constructs while participants read infographics 
depicting food technologies. We hypothesized that the lateral PFC would 
track perceptions of risk for food technologies and the ventromedial PFC 
would track positive attitudes. Further, we expected that the degree to which 
participants activated lateral PFC during processing of the infographics 
would be associated with change in risk perception.
Methods:
Participants (n = 53) were scanned on a 3 Tesla Siemens Skyra. The study 
was a block design, where participants read infographics depicting a food 
technology (hormones, antibiotics, vaccines, GMOs, animal welfare, sustain-
ability) for 30s while considering the risks or benefits of the technologies and 
then answered questions about their attitudes and risk perception (Figure 1). 
The fMRI data was analyzed using a mixed-effects model implemented in 
FSL’s FEAT and corrected for multiple comparisons (p < .05) using a clus-
ter-based correction (primary threshold: z = 3.1, p < .001).
Results:
For each infographic, participants perceived less risk and had more positive 
attitudes after being exposed to the infographics, relative to pre-infographic 
ratings (both p < .05). The lateral PFC tracked differences in risk percep-
tion between infographics and was more active for the technologies seen as 
higher risk and less positive (Left: 1765 voxels, p < .001; Right: 648 voxels, p 
< .001; Figure 2). Left ventromedial PFC activation predicted more positive 
attitudes and was most active for the technologies perceived as lower risk 
(147 voxels, p = .049).
For two of the infographics, brain activation predicted individuals’ tendency 
to change attitudes or risk perception post-infographic. For the hormones in-
fographic, participants who activated the lateral PFC more had less change 

in risk perception from pre to post-infographic (Left: 194 voxels, p = .01; 
Right: 229 voxels, p = .006; Figure 3). Activation in the right supramarginal 
gyrus (708 voxels, p < .001), a region of the parietal lobe associated with 
reading and decision making, positively correlated with attitudes for GMOs.
Conclusion:
Our results provide a unique window into how consumers process infor-
mation about food technologies. The lateral PFC, a region linked with mea-
sures of economic uncertainty, was more activated for infographics depict-
ing technologies associated with lower attitudes and higher risk perception. 
In contrast, ventromedial PFC activation positively correlated with attitudes 
and negatively correlated with perceived risk. Lateral PFC activation pre-
dicted individual differences in resistance to risk perception change for hor-
mones, suggesting that these brain regions are implicated in how consumers 
form and update attitudes in response to information. The results suggest 
that fMRI can provide a valuable tool for understanding how consumers ap-
proach and react to information about food technologies.
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Figure 1 A depiction of the behavioral paradigm for the imaging task.
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Figure 2 (A) A depiction of the brain regions that tracked risk and 
attitudes. (B) A bar plot illustrating how activation differed be-
tween infographics in the observed brain regions. Error bars indi-
cate +/- 1 standard error of the mean.
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Figure 3 Results of the predictive modeling analysis. (A) Regions 
that track resistance to risk perception change for hormones. (B) 
A depiction of the observed relationship between risk perception 
change and lateral PFC activation.



Notes

Book of Abstracts | Monday, 05 August, 2019 | Consumer Behaviour and Ethics

65th International 
Congress of Meat Science 
and Technology

21

O-01-04 

American, Chinese And Australian Consumer Meat Preferences Have Minimal Impact On Sheepmeat Eating  
Quality Scores 

R. A. O’Reilly1, 2, L. Pannier1, 2 ,G. E. Gardner1, 2, A. J. Garmyn3, H. Luo4, Q. Meng4, M. F. Miller3, D. W. Pethick1, 2

1 Australian Cooperative Centre for Sheep Industry Innovation, Armidale, Australia
2 Murdoch University, College of Science, Health, Engineering and Education, Murdoch, Australia
3 Texas Tech University, Animal and Food Sciences, Texas, United States of America
4 China Agricultural University, College of Animal Science and Technology, Beijing, China 
 

Introduction
International consumer testing of Australian sheepmeat has been undertak-
en in China and the USA [1]. To accurately assess consumer perceptions 
of sheepmeat eating quality (EQ) it is important to understand whether de-
mographic factors influence these consumer scores. Previous work utilising 
Meat Standards Australia protocols has demonstrated consumers with a 
greater appreciation of meat, score EQ more favourably compared to those 
indifferent to red meat. This was the case for both sheepmeat [2] and beef 
[3], although increases were small and not consistent for all countries (Aus-
tralia, France, Northern Ireland, Poland). In addition, consumers who prefer a 
higher degree of cooking doneness tend to score EQ higher than those with 
a preference for medium doneness (Australia, Northern Ireland, and Ireland) 
[2, 3]. In contrast, Korean consumer scores were not influenced by red meat 
consumption preferences when rating grilled beef [4]. Given the similarities 
between Chinese and Korean traditional cuisines, we hypothesised that Chi-
nese consumer eating quality scores may be less responsive to changes 
in meat preferences for appreciation and cooking doneness, compared to 
American and Australian consumers.
Methods
Untrained consumers were recruited within Australia, China and the USA 
(n= 2160), and divided across 12 tasting sessions per country. Each consum-
er scored three grilled longissimus lumborum (loin) samples for tenderness, 
juiciness, liking of flavour, and overall liking on a scale of 1 to 100. Animal 
information has previously been described by O’Reilly et al. [5]. In addition 
to scoring meat samples, consumers answered a short demographics sur-
vey. Consumers were asked about lamb consumption habits, age, gender, 
income, occupation, number of adults and children in the household. Lamb 
consumption habits included: consumer preferences for lamb, Appreciator: 
‘I enjoy lamb. It’s an important part of my diet’, Lamb is important: ‘I like 
lamb well enough. It’s a regular part of my diet’, Indifferent: “I do eat some 
lamb although, truthfully it wouldn’t worry me if I didn’t’, Rarely/never eat: ‘I 
rarely/never eat lamb’; and preferred cooking doneness ranging from ‘blue’ 
to ‘well-done’. Table 1. shows the distribution of demographics across meat 
preference categories. The effect of sheepmeat preferences on EQ scores 
was analysed using linear mixed effects models in SAS with fixed effects 
of country, age, gender, income, occupation, children in household, adults 

in household, frequency of lamb consumption, importance of lamb in diet, 
and doneness. Frequency of lamb consumption was fitted within country 
as different scales were used in each country. Random terms included con-
sumer identification within tasting session by country, and animal within sire 
identification.
Results
In partial agreement with our hypothesis, an increased appreciation of 
sheepmeat in the diet had a positive effect on average liking of flavour scores 
(P<0.05), however there was no difference between the three countries, and 
no impact on tenderness, juiciness or overall liking. Between rarely/never 
eat lamb and higher appreciation categories, a 2.9 to 3.9 flavour score im-
provement was observed. Preferred cooking doneness had an impact on 
average juiciness scores (P<0.05), but did not extend to tenderness, flavour 
or overall liking. On average, consumers who preferred their meat cooked to 
medium-rare doneness scored their samples 2.6 and 3.4 scores lower than 
those preferring medium-well or well-done sheepmeat. The small magnitude 
of effect aligns with previous research [2, 3], however was not observed 
consistently across EQ traits demonstrating that overall there was a negligi-
ble impact of meat preferences on EQ scoring.
Conclusion
These findings demonstrate meat consumption preferences have minimal 
impact on eating quality of sheepmeat for American, Chinese and Australian 
consumers, reinforcing consumer scoring tends to be consistent despite di-
verse cultural backgrounds. This demonstrates that studies using MSA pro-
tocols need not balance for consumer demographics in their design.
References
1. Pannier, L., et al., Factors affecting lamb eating quality and the potential for 
their integration into an MSA sheepmeat grading model. Meat science, 2018.
2. Thompson, J., A. Pleasants, and D. Pethick, The effect of design and de-
mographic factors on consumer sensory scores. Animal Production Science, 
2005. 45(5): p. 477-482.
3. Bonny, S.P.F., et al., Untrained consumer assessment of the eating quality 
of European beef: 2. Demographic factors have only minor effects on con-
sumer scores and willingness to pay. animal, 2017. 11(8): p. 1399-1411.
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Table 1. 
Number of consumers (and proportionate distribution) within each meat 
preference category
UR = Unreported
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Cross-cultural consumers’ liking of New Zealand commercial lamb (#387)
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1 AgResearch, Meat Quality Team, Palmerston North, New Zealand; 2 University of Otago, Department of Food Science, Dunedin, New Zealand; 3 IRTA-Monells, Girona, Spain; 4 AgResearch, Animal 
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Introduction
The eating quality of meat has traditionally been studied and defined to 
suit Western markets and consumers’ choice. In 2018, China accounted for 
one-third of New Zealand’s red meat exports [1]. Asian consumers possess 
distinctive preferences for meat products compared to New Zealand con-
sumers due to different cultural and cuisine factors. Thus, it is important to 
understand cross-cultural consumer preferences for different types of New 
Zealand lamb and price elasticity across different levels of meat quality. The 
objective of this study was to evaluate the eating quality of three types of 
New Zealand commercial lamb by New Zealand and Chinese consumers 
and their willingness to pay for four conceptual quality levels.
Methods
The eating quality of three types of commercial lamb typically exported from 
New Zealand was evaluated by New Zealand (n=160, University of Otago, 
Dunedin) and Chinese (n=160, residence in New Zealand < 3 years, Plant 
and Food Research, Auckland) consumers. Eight loins from castrated lambs 
from each of three forage-based production systems involving different 
combinations of animal genetics, diet and age at slaughter were evaluat-
ed: GRASS-COMP-8M (grazing perennial grass-based pasture, composite 
breed, 8 months old/mid-season, 17.1 kg mean carcass weight), CHICO-
RY-COMP-8M (grazing chicory, same composite breed and age at slaugh-
ter as GRASS-COMP-8M, 18.1 kg mean carcass weight) and MIXP-MERI-
NO-12M (mixed pasture: ryegrass-white clover-red clover, Merino breed, 12 
months old/late season, 19.0 kg mean carcass weight). Loins were sous vide 
cooked for 1 hr and then grilled to 60°C in Dunedin (medium) and 71°C in 
Auckland (well done). Different temperatures were selected after a prelim-
inary assessment showed that Chinese consumers rejected samples with 
a pink centre. Each consumer rated overall liking, flavour liking, degree of 
juiciness and degree of tenderness of three lamb samples using a 100 mm 
linear, non-structured line scale anchored at each end (0: dislike extremely, 
not juicy, not tender to 100: like extremely, very juicy, very tender). Consum-
ers also indicated their willingness to pay (NZ$ per kg) for the following cat-
egories of lamb quality: unsatisfactory, good everyday, better than everyday 
and premium [2].
Results
There were no interactions (P>0.05) between consumer ethnicity and type 
of lamb for any of the rated sensory variables. New Zealand consumers as-

signed higher scores for tenderness, juiciness, flavour liking and overall liking 
compared to Chinese consumers (P<0.05), specifically for juiciness (Table 1). 
The lower sensory scores assigned by Chinese consumers are probably due 
to the higher final cook temperature of the lamb. It is possible that grilling the 
lamb compared to a more traditional soup or hotpot cooking method accen-
tuated the effects of the higher degree of doneness. Regardless of consumer 
ethnicity, tenderness, flavour and overall liking were higher for meat from 
both GRASS-COMP-8M and CHICORY-COMP-8M compared to MIXP-ME-
RINO-12M lambs. Degree of juiciness was higher (P<0.05) for meat from 
GRASS-COMP-8M than MIXP-MERINO-12M lambs, with meat from CHIC-
ORY-COMP-8M lambs being intermediate (P>0.05). Consumers assigned 
similar scores for all sensory traits for meat from GRASS-COMP-8M and 
CHICORY-COMP-8M lambs indicating that animal feeding (grass vs. chico-
ry) did not change consumer preferences for meat. The age at slaughter and 
genetics of these animal groups were the same with the only difference be-
ing their diets. The lower preference for meat from the MIXP-MERINO-12M 
animal group cannot be attributed to a single factor since it represents a 
production system with confounded animal factors. The standardized coeffi-
cients of the multiple linear regression for overall liking (dependent variable) 
were 0.74 for flavour, 0.16 for tenderness and 0.12 for juiciness, indicating 
that flavour was the most important sensory attribute influencing consumer 
overall liking scores. Consumer willingness to pay increased linearly with 
lamb quality level with larger price variation for premium than unsatisfactory 
quality lamb (Figure 1). Chinese consumers were willing to pay more for high 
quality lamb than New Zealand consumers, especially for premium quality.
Conclusion
Cross-cultural evaluation of New Zealand commercial lamb indicates that 
meat from composite lambs fed grass or chicory and slaughtered at 8 
months old may result in higher consumer liking scores than meat from Me-
rino lambs fed a mixed pasture and slaughtered at 12 months old. Chinese 
consumers assigned lower scores than New Zealand consumers for all sen-
sory traits, especially juiciness, but are willing to pay more for higher quality 
lamb. Flavour was the most important sensory attribute influencing overall 
liking of lamb.
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Figure 1. Willingness to pay (0-80 NZ$/kg) of New Zealand and Chinese 

consumers for each quality level.

 
Table 1. New Zealand and Chinese consumer scores for overall liking, 
liking of flavour, degree of juiciness and degree of tenderness of 
lamb from three production systems.
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Effects of adding FFAs on beef taste-traits analyzed by electronic taste sensing system and sensory evaluation 
(#594)
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1 Kobe University, Graduate School of Agricultural Science, Kobe, Japan; 2 Intelligent Sensor Technology, Inc., Atsugi, Japan 

Introduction:
Japanese Black Wagyu beef is popular in Japan and recently becomes rec-
ognized as “Wagyu” around the world due to its deliciousness affected by 
intramuscular fat. Although changes in the amounts and composition of fatty 
acids are considered to contribute to beef aroma (Westerling et al., 1979), 
effects of those changes on beef taste-traits remain poorly understood. 
Sensory evaluation by human panels is a well-known method to objective-
ly analyze beef taste-traits. On the other hand, an electronic taste sensing 
system has been recently developed as a method to evaluate taste-traits of 
meat and meat products (Sasaki et al., 2005; Nodake et al., 2013). This study 
investigated effects of adding free fatty acids (FFAs) on taste-traits of beef 
broth using both methods.
Methods:
Beef samples: Beef samples taken from longissimus thoracis muscle of 
carcass of Japanese Black Wagyu and Holstein cattle were purchased and 
stored at 4°C. At 7-, 14-, and 21-days postmortem, parts of rib eye including 
intramuscular fat tissues were used to prepare beef broth samples.
Preparation of beef broth: Beef broth samples were prepared by the 
method (Sasaki et al., 2005) mainly focused on fat removing by boiling and 
low-temperature solidification. Palmitic acid (C16:0), stearic acid (C18:0), ole-
ic acid (C18:1) and those mixture were added to both broth samples at 7-days 
postmortem, respectively, and provided for taste-trait analysis.
Measurements of the amounts of FFA: The amounts of FFA in beef 
broth were measured by the method of Shimizu et al. (1980).
Taste-trait analysis 
   by an electronic taste sensing system: An electronic taste 
sensing system SA402B (INSENT Co., Ltd, Kanagawa, Japan) was equipped 
with six sensors (Toko, 1996).
  by sensory evaluation: Each taste intensity of broth samples com-
pared to control samples was evaluated by seven trained panelists (students 
of Kobe University) using a seven-point hedonic scale.
Statistical analysis: The amounts of FFA were compared by a one-
way analysis of variance (ANOVA) with post hoc analysis using Tukey’s HSD 
test among aging time and by Student’s t-test between two bovine breeds.
 
Results:
As shown in Figure 1, the amounts of FFA in both Japanese Black Wagyu and 
Holstein beef broth increased during postmortem aging. In Japanese Black 

Wagyu beef, there was a significant difference between 7- and 21-days post-
mortem (P < 0.05), indicating that postmortem aging caused obvious effect 
on increased amounts of FFA.
Figure 2 shows taste-traits of Japanese Black Wagyu beef analyzed by 
an electronic taste sensing system and sensory evaluation. Broth sample 
at 7-days postmortem was used as control. Acid bitterness and astringency 
were not evaluated in sensory evaluation and shown as “NA”. In the results of 
the system, sourness and sweetness increased whereas astringency, umami 
and saltiness decreased in adding FFAs (Figure 2A). In sensory evaluation, 
sourness and umami increased (Figure 2B). On the other hand, the results of 
Holstein beef were almost similar with those of Japanese Black Wagyu beef 
(Figure 3). Increased values of sweetness in Holstein beef analyzed by two 
methods coincided, considering probably relate to adding of FFAs. More-
over, richness seemed to be increased by FFA adding in sensory evaluation 
(Figure 3B).
Conclusion:
Adding of FFA mixture contributed to increased values of sweetness in beef 
broth, especially in Holstein beef, which was considerably affected by FFA 
adding due to lower content of intramuscular FFAs. Therefore, deliciousness 
of Japanese Black Wagyu beef is suggested to relate to increased amounts 
of FFA from higher content of intramuscular fat.
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Figure 3. 
Effects of adding FFAs on taste-traits of Holstein beef broth ana-
lyzed by an electronic taste sensing system and sensory evaluation 
A, electronic taste sensing system (n=4); B, sensory evaluation 
(n=2).

 
Figure 2. Effects of adding FFAs on taste-traits of Japanese Black 
Wagyu beef broth analyzed by an electronic taste sensing system and 
sensory evaluation A, electronic taste sensing system (n=4); B, sen-
sory evaluation (n=4).

 
Figure 1. Effects of postmortem aging on the amounts of FFA in Japanese 
Black Wagyu and Holstein beef
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Novel methods for sampling raw beef trim for microbiological testing (#394)

Tommy L. Wheeler, Terrance M. Arthur
USDA-ARS, U.S. Meat Animal Research Center, Clay Center, US 

Introduction
The risk of meat contamination with foodborne pathogens is one of the big-
gest challenges to the meat industry. Beef trim sampling for pathogen test-
ing is one of the final steps in meat safety systems. N60 excision and N60 
plus have traditionally been used to sample beef trim for pathogen testing. 
However, a sampling method that represents a greater proportion of the beef 
trimmings in a 900-kg combo bin should improve the current pathogen sam-
pling and detection programs utilized by fresh beef processors. We have 
developed two rapid, non-destructive approaches for sampling beef trim that 
provide a sample that represents a much greater proportion of the trim in 
the combo bin. A continuous sampling device (CSD) is positioned at the end 
of the conveyor line so that the trim pieces rub against a sampling cloth as 
they fall into the combo bin. For situations where the combo is not filled by 
a conveyor, a second method was developed that uses the same CSD cloth 
to manually sample all of the trim on the top of the combo by hand (manual 
sampling device [MSD]). The objective of this work was to collect addition-
al validation data for the new sampling methods compared to the existing 
sampling methods.
Methods
This project was designed to compare four different sample collection meth-
ods used in pathogen testing programs for raw beef trim. The methods com-
pared were N60excision, N60plus, Continuous Sampling Device (CSD), and 
Manual Sampling Device (MSD). Trim from two lean:fat ratios were evaluated 
(50:50 and 80:20). Each sampling method was performed on single 900-kg 
combo bins in a commercial beef processing plant. All combo bins were 
tested by all four methods.
The CSD samples were collected using the Pathtect™ CSD with the Micro-
Tally™ cloth. The sampler was mounted at the end of the two trim conveyor 
lines and samples were collected as the trim pieces fell into the combo bin. 
The other three sampling methods were performed by personnel with exten-
sive experience with the sampling methods after the filled combo had been 
relocated to a sampling area.
A total of 94 combos of 50:50 trim and 91 combos of 80:20 trim were sam-
pled over four different days. Samples were stored at 4°C for up to 24 h be-
fore processing. Tryptic soy broth was used as the bacterial growth media 
for all samples. Analyses performed were split into enumeration of indicator 
bacteria counts (aerobic plate counts: APC and Enterobacteriaceae counts: 
EBC) and prevalence of PCR targets representative of STEC-like organisms 
(hemolysin, intimin, O serogroup). The O serogroup PCR is the combined 

data from five individual, non-STEC-specific O serogroup PCRs: O55, O113, 
O117, O126, and O146. The enumeration data were tallied on a per sample ba-
sis and reported as log CFU/sample. APC data were analyzed by repeated 
measures one-way analysis of variance with multiple pairwise comparisons 
of means using Tukey-Kramer test method with the probability level at P ≤ 
0.05. EBC data were analyzed by one-way analysis of variance with multiple 
pairwise comparisons of means using Tukey-Kramer test method with the 
probability level at P ≤ 0.05. Prevalence data were tallied as positive or neg-
ative for the specific PCR targets and reported as the proportion of positive 
samples. Prevalence data were analyzed with Fisher’s exact test using mul-
tiple pairwise comparisons.
Results
There were no statistically significant differences (P > 0.05) between any 
of the four methods in recovery of APC from 50:50 lean point samples. For 
the 80:20 lean point samples, the N60 plus and N60 excision methods were 
equivalent (P > 0.05) to each other in APC recovery. The N60 excision method 
resulted in higher (P ≤ 0.05) APC totals than either the CSD or MSD methods. 
N60 plus was equivalent (P > 0.05) to MSD, but recovered more (P ≤ 0.05) 
APC than the CSD method. In 50:50 trim samples, the N60 excision method 
recovered more (P ≤ 0.05) EBC than the MSD or N60 plus methods, but was 
equivalent (P > 0.05) to the CSD method. The CSD method was equivalent 
(P > 0.05) to all three other methods in recovery of EBC from 50:50 trim. For 
80:20 trim, the increased EBC recovery by the N60 excision method was sta-
tistically significant (P ≤ 0.05) when compared to the other three methods. 
The prevalence of the hemolysin gene target was higher (P ≤ 0.05) using the 
CSD compared to MSD and N60 plus. The difference between the hemoly-
sin prevalence for the CSD and N60 excision methods was not statistically 
different (P > 0.05). MSD was not different (P > 0.05) for hemolysin gene 
detection than either N60 excision or N60 plus. There were no significant 
differences (P > 0.05) between any of the four methods in detecting the 
intimin gene target. The MSD method prevalence of the combined O group 
targets was higher (P ≤ 0.05) when compared to the N60 plus method, but 
equivalent (P > 0.05) to the CSD and N60 excision methods.
Conclusion
This evaluation provided evidence that the four sample collection methods 
were essentially equivalent in recovery of indicator organisms counts and 
prevalence targets from raw beef trim.
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group II type B in cooked ham and frankfurters (#322)

Sarah Lebrun1, Bastien Fremaux2, Tom Van Nieuwenhuysen3, Sébastien Crevecoeur1, Raphaël Vanleyssem1, Sarah Denayer3, Gilles Nassy2, Georges 
Daube1, Antoine Clinquart1

1 University of Liège, Faculty of Veterinary Medicine / FARAH, Liège, Belgium; 2 IFIP French Pork Research Institute, Maisons-Alfort, France; 3 Sciensano, Ixelles, Belgium 

Introduction
Sodium nitrite (NaNO2) is commonly used in meat products manufacturing 
for its antimicrobial effect on Clostridium botulinum, responsible of botulism 
(a deadly paralytic disease) by production of neurotoxins. Its use can never-
theless be associated with nitrosamines production, which are considered 
as carcinogenic substances (EFSA, The EFSA Journal, 2013, 14: 1-31). The 
objective of the present study was to compare the growth and toxinogenesis 
of psychrotrophic C. botulinum Group II (non-proteolytic) type B in cooked 
ham and in frankfurters in function of the NaNO2 incorporation rate (0, 30, 60 
and 80 mg/kg) in order to evaluate the risk associated with this pathogen in 
two common cooked meat products.
Methods
A “cooked ham model” derived from Redondo-Solano et al. (Food Microbi-
ol., 2013, 35: 108-115) was used in this experiment for cooked ham process 
simulation. A similar approach was used for developing a “frankfurter model”. 
The basis of the formulation was ground pork issued from biceps femoris 
muscle for the cooked ham, and a preparation made with 55.6% of pork con-
taining around 10% fat, 23.9% back fat and 29.5% ice for frankfurters. This 
basis was mixed with NaNO2 (0, 30, 60 or 80 mg/kg), 1.35% or 1.80% of salt 
(except for the 80 mg/kg formulation), 500 mg/kg of sodium erythorbate 
and dextrose at 5 g/kg (ham) or 10 g/kg (frankfurters)). The meat mixtures 
were then inoculated or not (= negative control) with a cocktail of spores of 
three C. botulinum Group II (non-proteolytic) type B strains i.e. BL7, 300.05 
and 815.12 (Pasteur Institute, Paris) at 3-4 log CFU/g and vacuum packed in 
portions of 50 g. Thermal treatment was applied on the cooked ham model 
in conditions simulating the core temperature of a 7 kg industrial cooked 
ham (core temperature of 67°C after 520 min) and a cooling treatment that 
required 820 min from 67°C to 4°C. Frankfurter model samples were cooked 
in conditions simulating industrial process (core temperature of 55°C after 20 
min and 74°C after 50 min) and cooled from 74°C to 4°C within 340 min. The 
products were then stored 14 days at 4°C + 1h at 20°C + 33 days at 8°C for 
ham ; 14 days at 4°C + 1h at 20°C + 28 days at 8°C for frankfurters. Residual 
nitrite, nitrate and salt contents were determined according to ISO 2918:1975 
(F), ISO 3091:1975 and ISO 1841-1:1996 (F), respectively. Enumeration of C. 
botulinum was performed by using culture-dependent method on tryptose 
sulfite agar. Water activity (aw) and pH were measured according to NF ISO 

21807:2005 and ISO 2917:1999. Toxin detection was performed by intraper-
itoneal injection of food extracts into two mice. Botulism symptoms were 
observed during 4 days. In case of positive samples, the confirmation of toxin 
presence was done by seroneutralisation with anti-toxins.
Results
The physicochemical parameters (aw varying from 0.99 to 1 (ham); 0.95 
to 0.99 (frankfurters); pH measured after cooking around 6 (ham) and 6.3 
(frankfurters); salt content from 1.1 to 1.9% (ham), 1.2 to 1.8% (frankfurters); 
nitrate content from 1 to 10 mg/kg (ham), 1 to 12 mg/kg (frankfurters)) were in 
accordance with the values commonly observed in commercial cooked meat 
products. The residual NaNO2 content was around 5-30-fold lower than the 
incorporation rate, this low level being partially explained by the use of sodi-
um erythorbate at a high concentration. No growth and no toxinogenesis of 
C. botulinum was observed for both cooked meat models during the process 
and the storage whatever the levels of added nitrite (30, 60 or 80 mg/kg) and 
salt (1.35% or 1.80%) were. However, growth of C. botulinum until 5 log and 
toxinogenesis were observed when no nitrite was added.
Conclusion
From the present experiment, it can be concluded that, in the conditions 
applied during the present experiment, reduction of NaNO2 incorporation 
at 30 mg/kg allowed to prevent the growth of C. botulinum during around 
6 weeks. It can nevertheless not be totally excluded that neurotoxin can be 
produced in the case of longer storage. In contrast, removal of nitrite didn’t 
prevent growth and toxin production in the two meat models tested. This 
observation is in accordance with previous results by Keto-Timonen et al. 
(J. Food Prot., 2012,  75: 1346-1349) who reported neurotoxin production in 
cooked ham without nitrite incorporation.
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Pasteurization effects and achievement of target values for inactivation of Hepatitis E Virus in semi-dry pork sau-
sages following cooking instructions (#17)

Helena Stoffers, Ralf Blase, Livia Schwendimann
Agroscope, Food Microbial Systems, Bern, Switzerland 

Introduction
Saucisson is a traditional Swiss semi-dry fermented pork sausage, which 
has to be heated up before consumption. Due to a high water activity (>0.96 
on average) many pathogens such as Listeriamonocytogenes, Salmonella 
spp. and E. coli can survive in this type of products (Kabisch 2014). A suf-
ficient thermal treatment before consumption ensures food safety. Some of 
these sausages contain also raw liver, which is a potential source of Hepa-
titis E Virus (HEV). As described by Barnaud et al. (2012) only a heat treat-
ment of 20 min at 71°C inactivates HEV. Thus, the aim of this project was to 
investigate, if cooking instructions given by the manufacturers ensure the 
inactivation of HEV and a sufficient pasteurization of the products.
Methods
Saucisson Vaudois, Saucisse aux choux, Saucisse au foie and Saucisson 
du Vully with varying diameters were heated in a water bath at 73°C, 75°C 
or 80°C according to the cooking instructions. The water bath was either 
preheated or heated up directly with the sausage. The core temperature was 
measured by a PT-100 sensor and recorded. In total 18 runs per sausage (3 
temperatures and 2 heating methods, 3 repetitions) were performed. The 
total thermal load at 70°C was calculated using a z-value of 10. Based on 
previous studies (Ministry for Primary Industries 2015; Kabisch 2014; Doyle & 
Mazzetta 2005) a time-temperature requirement of 1 min at 70°C was chosen 
for pasteurization. For HEV inactivation, a target value of 20 min at 71°C was 
set. Temperature differences were estimated with the Fisher’s Least-Signif-
icant-Difference Test.
Results
The temperature curves of sausages heated up in cold water were lower than 
those starting in preheated water (Figure 1). Saucisson Vaudoise, Saucisse 
aux choux and Saucisson du Vully showed significant differences (p=0.05) 
of the core temperature after the recommended cooking times. In Saucisse 
au foie the temperature was equalized for both cooking methods after 40 min 
(73°C / 75°C) or 30 min (80°C). Table 1 shows the pasteurization effects and 
the achievement of HEV inactivation targets at 80°C. Only Saucisse au foie 

reached the required targets at all tested water-bath temperatures.
Conclusion
If the heat treatment of sausages started in cold water, the required pasteur-
ization effects were only partly reached. Furthermore, pasteurization targets 
were only safely achieved at a water bath temperature of 80°C.
Not all sausages reached the inactivation targets for HEV (71°C, 20 min). 
The liver-containing Saucisse au foie achieved the values in all trials as a 
safety margin was applied, recommending a longer heating time of 40-50 
min compared to 20-30 min for sausages with the same diameter. As Szabo 
et al. (2015) detected HEV also in raw sausages without liver, longer cooking 
times for all products and / or adaptation of the diameter should be dis-
cussed.
The influence of different hurdles on thermal inactivation effectiveness in this 
specific product is not clear yet. Furthermore, the influence of the storage 
conditions at sales shops and at home have to be considered. There is a 
need of challenge tests using different pathogens and analyzing them along 
the whole value chain.
Literature
Barnaud E., Rogée S., Garry P., Rose N. and Pavio N. 2012. Thermal Inacti-
vation of Infectious Hepatitis E Virus in Experimentally Contaminated Food. 
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ing raw meat. MPI Technical Paper No: 2016/05, https://www.mpi.govt.nz/
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Table 1 Pasteurization effects and evaluation of target values for HEV 
inactivation for different semi-dry sausages after recommended cook-
ing times at 80°C 
(green = reached; orange = partially reached; red = not reached)

 
Figure 1 Average core temperature curves (n=3) of Saucisson Vaudois 
at different water bath temperatures starting in cold or preheated 
water bath
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Rapid quantification utilizing Bax® Cycle threshold values to estimate pre-enrichment Log10 CFU/G of 
salmonella in ground turkey (#530)

April K. Englishbey1, 2, Savannah J. Forgey2, Tyler P. Stephens1, Marcos X. Sanchez-Plata2

1 Hygiena, New Castle, US; 2 Texas Tech University, Department of Animal and Food Sciences, Lubbock, US 

Introduction
The United States Department of Agriculture, Food Safety and Inspection 
Service (USDA-FSIS) does not maintain a zero-tolerance policy for Salmo-
nella in raw poultry products, despite it being a known food safety hazard 
throughout the industry. In 2016, USDA-FSIS established revised perfor-
mance standards for a 52-sample moving window (weekly sampling) with 
the maximum acceptable percent positive for comminuted turkey (325g 
sample) at 13.5% (7 of 52 samples). Based upon FSIS verification sampling 
results from one 52-week moving window, the Salmonella prevalence for 
each poultry establishment in category 1 (below 50% of limit), 2 (between 
50% and meeting the limit), or 3 (exceeding the limit) are published for public 
viewing. To improve performance, poultry producers utilize a series of anti-
microbial interventions; however, many continue to have post-intervention 
samples test positive in ground turkey meat. Therefore, the use of quantifi-
cation would be more valuable to determine the efficacy of process control 
interventions, corrective actions, and final product Log10CFU/g of Salmo-
nella to make rapid, within shift and risk-based food safety decisions. The 
objective of this study was to determine appropriate enrichment parameters 
to produce a linear fit equation for both fresh and frozen ground turkey to 
accurately estimate pre-enrichment Log10CFU/g of Salmonella during pro-
cessing.
Methods
Two ground turkey sample types, fresh (n = 19) and frozen (n= 19), were 
collected from a U.S. turkey processing facility and shipped overnight to 
the International Center for Food Industry Excellence Laboratories (Texas 
Tech University, Lubbock, TX) to conduct this study. Upon arrival, the frozen 
ground turkey samples were stored at 4–8°C for one day to thaw. For both 
product types, the experimental design included 3 biological replications, 
6 targeted inoculation levels (0.0 to 5.0 Log10CFU/g), 1 negative control, 3 
enrichment timepoints (6, 8, and 10h). For each product type, the 19 individ-
ual samples were combined and mixed to create one bulk sample with the 
natural microflora of commercial products. Prior to inoculation, 1-9 tube MPN 
was conducted to evaluate Log10MPN/mL of naturally occurring Salmonel-
la in both uninoculated bulk samples (if present) and incubated for 24h at 
42°C. Bulk samples were re-aliquoted into 19–325g samples in a sterile, filter 
Whirl-Pak® bag, inoculated with ATCC 14028 Salmonella Typhimurium (actual 
inoculation levels at 0.40 to 5.40 Log10CFU/g), and combined with 975mL 

of prewarmed 42°C BAX MP media with 20 mg/L Novobiocin. All samples 
were hand massaged for 2 min. All homogenate samples were enriched for 
6, 8, and 10h at 42°C. At each timepoint, all 19 samples for each product type 
were removed from the incubator and 5µL of enriched solution, in quintuplet, 
was submitted to BAX® lysis procedures for Salmonella. Lysates were then 
analyzed for Salmonella using the BAX® Real-Time Salmonella assay. When 
positive, Cycle Threshold (CT) values were recorded and utilized to create 
a linear regression curve in JMP®v.14.2.0. The linear curves at each timepoint 
were compared using the R-Squared (R2) and Root Mean Squared Error 
(RMSE).
Results
The 10h incubation provided the best fit linear curve based upon R2, RMSE, 
and desired enumerable range for both fresh and frozen ground turkey prod-
ucts (Table 1). There was no naturally occurring Salmonella detected from 
the MPN performed on the uninoculated bulk ground turkey samples. Both 
linear fit curve equations have the capability to accurately estimate pre-en-
richment loads of Salmonella from 0.40 to 3.40 Log10CFU/g. The ability to 
accurately estimate <3 CFU/g of Salmonella in ground turkey with 10h of 
enrichment is a novel application of the BAX® Real-Time Salmonella assay. 
Moreover, utilization of this curve for final product quantification will allow 
rapid and reliable diversion decisions for food safety management. The linear 
fit regression curves for both fresh and frozen ground turkey at 10 h utilized 
CT values ranging from approximately 32 to 41 (Figure 1). Due to the typical 
range of BAX CT values (25 – 45), both equations can be utilized to extrapo-
late less than 0.40 and greater than 3.40 Log10CFU/g of Salmonella.  For both 
fresh and frozen ground turkey, either equation can be utilized to accurate-
ly estimate Log10 CFU/g with standard errors surrounding each inoculation 
level ranging from 0.07 to 0.18 Log10CFU/g (Figure 2).
Conclusion
Currently in the food industry, very few food production or processing facil-
ities routinely quantify for pathogens. For third-party or in-house laborato-
ries, MPN’s require more labor, consumables, and at least 24 h incubation 
before results can be produced.  Alternatively, utilization of the established 
linear fit equations paired with real-time CT values could produce results 
using a 10-hour incubation and a 75 min PCR run time. Use of this application 
of a real-time PCR test would improve efficiency for the poultry industry and 
provide an actionable, quantified level of Salmonella, compared to prev
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alence, to adjust and verify upstream process control intervention efficacy 
and conduct risk-based food safety management decisions.

 
Utilization of linear fit equations to estimate pre-enrichment Log10  
CFU/g of Salmonella
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Linear fit curves for fresh and frozen ground turkey after 10h enrich-  
ment produced in JMP v. 14.2.0. 

 
Comparison of R-Squared, Root Mean Squared Error, and desired  
enumerable range for ground turkey. 
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The use of NMR- and GC-MS -based metabolomics for the detection of food fraud in turkey breast meat (#654)

Liane Wagner, Manuela Peukert, Dagmar A. Brüggemann
Max Rubner-Institut, Department of Safety and Quality of Meat, Kulmbach, Germany 

Introduction
Non targeted metabolomics approaches became important tools in bioana-
lytical research during the recent years. The core techniques are chroma-
tography coupled to mass spectrometry (MS), and nuclear magnetic reso-
nance (NMR) spectroscopy allowing for the analysis of pattern changes of 
the metabolite network upon a specific treatment, for a specific condition or a 
particular biological system (Fig 1). NMR spectroscopy is highly quantitative, 
reproducible, non-destructive and noninvasive; furthermore it requires no or 
little sample preparation and it is possible that a high number of metabolites 
can be detected simultaneously in a short time period and in one measure-
ment. Main drawback of NMR is the required sample amount that does not 
allow analysis of very small sample sizes or detection of very low concen-
trated metabolites. MS represents a highly sensitive and selective tool and 
enables detection of molecular masses and fragmentation patterns for chemi-
cal structure identification. The different combinations of separation, ionization 
and detection techniques allow a broad coverage of metabolites for profiling 
and quantification. Nevertheless, careful extraction is needed and reasonable 
selection of measurement methods to avoid degradation and ion suppression.
The objective of this study was to compare the applicability of NMR and GC-
MS for the detection of food fraud in turkey breast muscle as introduced by 
the addition of amino acid hydrolysates.
Methods
Turkey breast muscle was treated with different plant and animal based pro-
tein hydrolysates. The hydrolysates were produced by enzymatic digestion 
and by acidic hydrolysis. A non-treated and a water treated sample served 
as controls. For NMR and GC-MS lyophilized and grinded samples were ex-
tracted using methanol, water and chloroform. Afterwards, the dried extracts 
were prepared for NMR and GC-MS measurement, respectively. For NMR 
spectroscopy analysis, samples were re-dissolved with 540µl D2O, 25µl Mil-
liQ water, 25µl D2O containing 0.05 wt% TSP and 10µL Maleic acid as inter-
nal standard. All samples were analyzed with a Bruker 400MHz spectrometer 
(Bruker Biospin GmbH, Rheinstetten, Germany). For GC-MS analysis, sam-
ples were derivatized by methoxyamination followed by silylation with MST-
FA. The GC-MS system consisted of a gas chromatograph combined with a 
fast-scanning quadrupole mass spectrometer (Shimadzu GCMS QP2010). For 
chromatographic separation a non-polar Rxi-5SilMS (Restek, Bellefont, USA) 
was chosen. For statistical analysis and visualization of the data the software 
tool SIMCA-P (version 13.0; Umetrics, Umeå, Sweden) and for quantification of 
the NMR signals ChenomX NMR Suite (version 8.1; ChenomX Inc., Edmonton, 

AB, Canada) were used.
Results
The principal component analysis (PCA) of all signals obtained by NMR and 
GC-MS, respectively, showed a clear differentiation between control samples 
(left side in the PCA score plots) and hydrolysate treated samples (right side 
in the PCA score plots). Furthermore, clear variations between the types of 
injected hydrolysates were also observed (right side, top to bottom in the PCA 
score plot) (Fig.2). Analysis of corresponding loadings revealed that proteino-
genic amino acids were responsible for the strong differentiation between 
controls and hydrolysate treated samples, whereas byproducts play a role for 
differentiation of the various hydrolysate types. These byproducts are present 
in cheap protein sources and/or formed during the acidic hydrolysis process.
Plant derived enzymatic protein hydrolysates additionally contained sugars 
like glucose or maltose that were converted to levulinic acid in the acidic hy-
drolysates. Animal derived enzymatic hydrolysates contained higher amounts 
of glycerol, ornithine and oxoproline. By means of GC-MS higher levels of 
aminomalonic acid, hydroxyproline and 3-MCPD were detected in acidic hy-
drolysates of animal derived proteins. The analysis via NMR showed also that 
the addition of hydrolysates to the turkey breast muscle affected the organic 
acid profile. The control sample showed higher levels of anserine, lactate and 
creatinine.
Conclusion
The study showed that non-targeted metabolite profiling represents a valu-
able tool for the detection of food fraud in turkey breast muscle caused by 
introduction of protein hydrolysates. A definite classification of the hydrolysate 
type was not possible when only the proteinogenic amino acids were taken 
into account. Presence of byproducts coming from the protein source itself or 
formed during the hydrolysis helped to classify the hydrolysate source.
With both techniques the same results were revealed (Fig 2). A clear advan-
tage of NMR compared to GC-MS is a shorter measurement time so that 
NMR is better suited for high-throughput screenings. If quantitative data are 
required, NMR allows direct quantification of compounds whereas in GC-MS 
analysis additional calibration curves for the individual compounds would be 
needed. On the other hand, GC-MS is more sensitive and allows detection 
of low concentrated compounds. In conclusion, depending on the scientific 
question it has to be taken into consideration which analytical technique 
would be most suited.
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Figure 2. 
PCA score plots from NMR and GC-MS based on the metabolic profile of  
turkey breast extracts. 

 
Figure 1. The appearance of the metabolome is a result of various fac-
tors.  
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Meet meat and meat products in bavaria (#7)

Barbara Schalch, Lars Gerdes, Renate Schoen, Johannes Griffig, Julia Scherb-Forster, Claudia Wobst, Isabel Schaupt, Claus Schlicht
Bayerisches Landesamt für Gesundheit und Lebensmittelsicherheit, Oberschleißheim, Germany 

Introduction
Consumers expect raw meat and meat products to be fresh and to have a 
species-, piece- and product-specific shelf-life and consistency as well as a 
distinctive aroma and taste. Therefore, the Bavarian Health and Food Safety 
Authority routinely tests raw meat samples and meat products from retail 
for its appearance, quality, and consumability. This implies a close look upon 
composition and chemical properties.
Methods
Animal species differentiation, differentiation of fresh versus frozen/thawed 
meat, pH, and further analyses add up to necessary information on the ana-
lysed samples. The German food code guidelines set general standards for 
the composition of common meat products, e. g. Döner Kebab, different sau-
sage types, and meat salads. Preparative-gravimetric examinations clearly 

show the composition of e. g. „Bierschinken“: a finely grind emulsion type 
sausage from beef, pork, or poultry, and fat, containing pieces of ham, gen-
erally of a size range between cherry to walnut. Given a total sample of 600 
g or more, the percentage of ham pieces shall not be below 50 %.
Results
Objection rates in different types of sausages count up to 10 %, and up to 29 
% in meat salads. Reasons and examples are presented in detail. In addition 
foreign material is a frequent cause of consumer complaints. Examples will 
be presented. Imitiations of ham give further reason for objections, frequent-
ly on pizzas
Conclusion
Lack of knowledge on the market as well as among consumers as well as 
economic aspects may be reasons which lead to these objection rates.
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Effect of carcass marination using different concentrations of soy sauce on consumer acceptance and sensory 
traits of samgyetang (korean ginseng chicken soup) (#63)

Sung Ki Lee, Juntae Kim, Dicky T. Utama, Hae Seong Jeong, Farouq H. Barido
Kangwon National University, College of Animal Life Sciences, Chuncheon, South Korea 

Introduction
Samgyetang is an authentic Korean ginseng chicken soup made up of whole 
carcass of 30-day-old cross broiler (Ross x HyLine White), stuffed with glu-
tinous rice, ginseng and other herbs. The quality of Samgyetang depends 
on the recipe and cooking method (traditional boiling or high pressure-high 
temperature with/without pre-cooking) [1,2]. There is still limit of information 
regarding the optimum use of soy sauce for carcass marination on the accept-
ability of Samgyetang.Soy sauce marination improves the aroma of chicken 
breast [3]. Therefore, the objective of this study was to observe the effect of 
different concentrations of soy sauce used for carcass marination on consum-
er acceptance and sensory traits of Samgyetang.
Methods
Fresh/chilled carcasses of 30-day-old broilers were purchased at local poultry 
processor one day postmortem. The marinade was made from soy sauce with 
different proportion in water (0%, 25%, 50%, w/w) and 3% (w/w of marinade) 
sodium tripolyphosphate. Carcasses were soaked in marinade for 1 h at 4°C, 
drained for 30 min and stuffed with 30 g glutinous rice, one ginseng, two dried 
jujubes and 2 cloves of garlic that were wrapped with rice paper. Chicken feet 
stock, table salt (0.5% w/v), monosodium glutamate (0.2% w/v), garlic powder 
(0.1% w/v) and ginseng powder (0.15% w/v) were used for preparing the broth. 
The stuffed carcasses and broth were put into retort-pouches, sealed and 
subjected to retort processing until F0 8 was achieved. Acceptance survey for 
appearance, taste, saltiness, flavor, texture, juiciness and overall acceptance 
of both meat and broth of Samgyetang was performed along with Quantitative 
descriptive analysis (QDA) for umami, bitterness, saltiness, soy sauce flavor, 
chicken meat flavor using 25 untrained panelists and 12 trained panelists, re-
spectively. Each panelist evaluated 3 Samgyetang samples with different con-
centration of soy sauce marination (0%, 25%, 50%, w/w). QDA intensity scale 
ranged from 1 (very weak) to 7 (very strong) and fresh/chilled group was given 
a 4-score (medium) as control, while acceptance score ranged from 1 (dislike 
very much) to 7 (like very much). Data were subjected to one-way analysis 
of variance (ANOVA). Analyses were performed using R-version 3.3.3 with 
“agricolae” library (The R-foundation for Statistical Computing, Austria). The 
statistical significance of the differences between means from different treat-
ments was determined by Duncan’s multiple range test (p<0.05).
Results
The QDA revealed that there were no significant effects of soy sauce marina-
tion on umami, bitterness and chicken meat flavor. Soy sauce marination in-

creased saltiness and soy sauce flavor of Samgyetang, regardless of concen-
tration differences (Table 1). The presence of sodium in soy sauce might add 
the saltiness of Samgyetang, particularly in the meat part.Table 1. Quantitative 
descriptive scores of soy sauce marinated Samgyetang

Variable C o n t r o l 
(0%)

25% 50% Standard error

Umami 3.45 4.05 3.95 0.10

Bitterness 3.05 2.90 3.05 0.09

Saltiness 2.20b 3.25a 3.95a 0.12

Soy sauce flavor 3.40b 4.05a 4.20a 0.13

Chicken meat flavor 2.65 2.85 2.85 0.10
a-b Mean values are significantly different (p<0.05).
Soy sauce marination increased the acceptability of taste, flavor, meat texture, 
juiciness and overall impression of Samgyetang (Table 2). However, soy sauce 
marination did not influence the acceptability of appearance and saltiness, in-
dicating that the dark color and saltiness of soy sauce marinated Samgyetang 
is still acceptable and similar with control. Carcass marination using 50 % soy 
sauce solution resulted in comparable acceptance with that using 25% soy 
sauce. Therefore, higher concentration of soy sauce does not seem necessary 
to further increase the acceptance of soy sauce marinated Samgyetang.Table 
2. Consumer acceptance towards soy sauce marinated Samgyetang

Variable Control (0%) 25% 50% Standard error

Appearance 4.60 4.30 4.40 0.10

Taste 3.85b 4.65a 4.40ab 0.12

Saltiness 4.35 5.10 4.60 0.09

Flavor 4.00b 4.75a 4.85a 0.08

Meat texture 3.75b 4.60a 4.70a 0.09

Meat juiciness 3.55b 4.25a 4.90a 0.13

Overall 3.75b 4.60a 4.55a 0.12
a-b Mean values are significantly different (p<0.05).
Conclusion
The use of marinade containing 25% soy sauce can be applied for manufac
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turing a new Samgyetang product with acceptable quality.
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soy sauce and olive oil on safety and quality characteristics of chicken 

breast meat. Asian-Australasian Journal of Animal Sciences 27: 256-265. 
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Acceptable inclusion levels for selected red and brown Irish seaweed species in pork sausages. (#477)

Halimah Mohammed1, Kieran Kilcawley3, Ruth Hamill4, Joe P. Kerry2, Maurice G. O’Sullivan1

1 Sensory Group, School of Food and Nutritional Sciences, Cork, Ireland; 2 Food Packaging Group, School of Food and Nutritional Sciences, Cork, Ireland; 3 Moorepark, Teagasc, Cork, Ireland; 4 Ashtown, 
Teagasc, Dublin, Ireland 

Introduction
Interest in food products that can promote health and well-being has in-
creased within the food industry and amongst consumers. Such foods are 
generically termed ‘functional foods’ where health benefits exist beyond ba-
sic nutrition. Seaweeds have been consumed as food and utilised as tra-
ditional drugs in Asian countries. Recently, seaweeds have gained signifi-
cance in Western countries as a functional food or as ingredients for use in 
the development of functional food products. Seaweeds contain bioactive 
compounds and nutritional properties such as high levels of quality protein, 
minerals, vitamins, dietary fibre, polyphenols, carotenoids and tocopherols. 
They are also low in fat, and selected species contain high levels of n-3 
polyunsaturated fatty acids. Bioactivities and health benefits associated 
with compounds present in seaweed include antioxidant, anti-inflammatory, 
anti-coagulation and antibiotic properties. In addition to enhancing healthi-
ness, seaweeds can also impact the physicochemical and sensory proper-
ties of meat products.
The objective of this study was to investigate the effect of commercial-
ly available red (Porphyra umbilicalis-(Nori), Palmaria palmata-Dulse (PP)) 
and brown (Himanthalia elongata-Sea spaghetti (SS), Alaria esculenta-Irish 
wakame (IW)) seaweed species on the physicochemical and sensory prop-
erties of pork sausages. Acceptable inclusion levels from a quality and sen-
sory perspective will be determined.
Methods
Seaweeds (1%, 2.5% and 5%) were incorporated into pork sausage formula-
tions (45% pork oyster, 20% pork fat, 20% water, 12.5% rusk and 2.5% sea-
soning). Proximate composition (protein, moisture, ash and fat), colour (CIE 
L*a*b), texture profile analysis (TPA), water holding capacity (WHC), cook 
loss and sensory properties (10 cm hedonic scale) were assessed. Statisti-
cal analysis was carried out using the IBM SPSS statistics 25 for windows 
(SPSS, Chicago, IL, USA) software package. One-way ANOVA was used 
to examine all experimental data measurements. Tukey’s post-hoc test was 
used to adjust for multiple comparison between treatment means.
Results
Protein (13.1 – 15.6%), moisture (52.8 – 55.7%) and fat (10.8 – 12.6%) contents 
of fresh pork sausages were not influenced (p>0.05) by seaweed type or 
addition level. However, the ash content of pork sausages containing PP, SS 
and IW at 2.5% & 5% and Nori at 5%, was higher (p<0.05) than the control 
samples.

The surface lightness (L*) values of fresh sausages containing PP and IW at 
2.5% & 5%, Nori at 1% - 5% and SS at 5% and were lower (p<0.05) than the 
control samples (Table 1). Surface redness (a*) values decreased (p<0.05) in 
all seaweed-containing sausage samples, relative to the control, with the ex-
ception of Nori at 1%. The addition of IW at levels of 2.5% and 5% increased 
the greenness (-a* values) of sausages. Yellowness (b*) values decreased 
(p < 0.05) in sausages containing PP and IW at levels of 2.5% & 5% and 
Nori at 1% - 5%. Colour changes in pork sausages were attributed to various 
pigments present in seaweeds such as phycobiliproteins, carotenoids and 
chlorophyll.
Texture profile analysis (TPA) results indicated that hardness and gummi-
ness increased (p<0.05) in sausages containing Nori and IW at 5% (Table 1). 
Springiness values for sausages containing PP at 2.5% and 5% decreased 
(p<0.05) compared to controls. No differences (p>0.05) were observed in 
relation to sausage cohesiveness values. However, the addition of Nori at 5% 
increased (p<0.05) the chewiness of sausage samples. Red and brown sea-
weed species contain dietary fibres such as galactans, agar and carrageen-
an, alginate, fucans and laminarans which have gelling and thickening prop-
erties and can influence the texture of pork sausages. Sausages containing 
Nori at 5% and SS at 2.5% displayed higher (p<0.05) WHC, however cook 
loss was unaffected by the addition of seaweeds into sausage formulations.
Sensory analysis indicated that inclusion of Nori and IW at 5% negatively 
influenced the appearance of cooked pork sausages (Tables 2 & 3). Sausage 
odour scores also decreased (p<0.05) in cooked sausages containing PP, SS 
and IW at a 5% inclusion level. In general, juiciness and texture descriptors 
were not significantly affected by the addition of seaweed species. However, 
the addition of PP at 2.5% and 5% and SS at 5% decreased (p<0.05) flavour 
scores of cooked pork sausages. Overall sensory acceptability decreased 
(p<0.05) in cooked sausages containing PP at 2.5% and 5% and SS and IW 
at 5% (Table 2 & 3).
Conclusion
Addition of seaweeds (PP, Nori, SS, and IW) did not exert significant effects 
on the proximate composition of fresh pork sausages. However, addition of 
seaweeds (Nori, SS and IW) at a 5% inclusion level and PP at 2.5% and 5% 
negatively influenced the colour, instrumental textural properties and senso-
ry attributes of pork sausages. This study demonstrated that, in pork sau-
sages, a maximum acceptable inclusion level for PP is 1% and 2.5% for the 
other seaweed species examined. Future research will focus on enhancing 
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the healthiness of processed pork products such as sausages, utilising sea-
weed species at the acceptable inclusion levels determined in the present 
study.
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Table 2. Sensory (hedonic) scores of sausages containing red seaweed 
species. 

 
Table 3. Sensory (hedonic) scores of sausages containing brown sea-
weed species. 

  

 
Table 1. Physicochemical properties of sausages containing red and 
brown seaweed species. 
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Consumer sensory outcomes of 3 brisket muscles cooked using the “low n’ slow” barbeque method served 
chopped, pulled and sliced (#550)

Jarrod Lees1, Peter McGilchrist1, Rod Polkinghorne2, 1, Aaron van den Heuval3, 1, Nicholas Hardcastle4

1 University of New England, School of Environmental & Rural Sciences, Armidale, Australia; 2 Birkenwood Pty Ltd, Hawthorn, Australia; 3 Australian Wagyu Association, Armidale, Australia; 4 Texas Tech 
University, Meat Science, Lubbock, US 

Introduction
In the USA, barbecuing meats using low heat and smoke is an established 
method for cooking beef brisket (M. pectoralis profundus and M. pectoralis 
superficialis) and is an emerging market for Australian consumers. To date, 
work conducted on the eating quality of brisket has focussed on objective 
measures such as shear force, and conventional cooking methods (grilling, 
roasting). Untrained consumer sensory testing has previously been conduct-
ed on brisket for slow cook, stir fry and thin sliced cook methods with vary-
ing success, however limited work has been conducted on briskets cooked 
using the barbeque method. It was hypothesised that the low n’ slow barbe-
que cook method would be accepted by Australian consumers as an alter-
native cook method for briskets.
Methods
Twenty-nine beef briskets were sourced from two commercial abattoirs from 
grain and grass fed carcasses of varying age. Carcasses were graded for 
eating quality using the Meat Standards Australia grading system (Watson, 
R, Polkinghorne, R & Thompson, JM 2008b, Aust J of Exp Agric, 48, 1368-
1379). Briskets were separated into a Brisket point end (M. pectoralis pro-
fundus (BRI056) and M. pectoralis superficialis; BRI057) and a Brisket navel 
end (M. serratus ventralis; BRI079). Sensory testing was conducted over 4 
sessions of 60 consumers utilising an adapted cooking procedure and serv-
ing  as per MSA sensory roast protocols (Watson, R, Gee, A, Polkinghorne, 
R & Porter, M 2008a, Aust J of Exp Agric, 48, 1360-1367).
The briskets were lightly seasoned with a salt and pepper mix (1:1 by vol-
ume) and cooked on pellet smokers (Green Mountain Grills, Jim Bowie), us-
ing hardwood pellets (Gold blend) at 120°C. At an internal temperature of 
66.7°C, briskets were wrapped in aluminium foil and returned to the smoker. 
At an internal temperature of 93.3°C the briskets were transferred to an in-
sulated box to rest until service. Samples were consumer tested as chopped 
(BQC; 10 x 10 x 10 mm); pulled (BQP; 70 x 10 mm); or sliced (BQS; 70 x 40 x 6 
mm) portions. Consumer sensory scores were collated and an eating quality 
score (CMQ4) generated for each sample.
Consumer sensory scores were analysed using linear regression with con-
tinuous variables for ossification score, MSA marble score, rib fat depth, 
carcass weight, Bos indicus content, plus fixed effects for hormone growth 
promotant status, sex, muscle, position within muscle, and serve type. In-
teractions between muscle and serve type and all continuous terms were 

explored, along with all relevant curvilinear relationships. Estimated marginal 
means were calculated and Tukey pairwise comparisons were conducted to 
determine differences using the emmeans package in R.
This study was funded by Meat & Livestock Australia and consumer testing 
was approved by the Human Research Ethics Committee of the University 
of New England (Approval No HE17-253).
Results
Ossification, MSA marble score, cut and serve type all had a significant 
effect on CMQ4 score of briskets. The BRI057 and BRI079 CMQ4 score 
were 13.7 and 13.6 points higher than that of the BRI056 regardless of serve 
type (Table 1). Pulled samples were scored 2.95 points lower compared to 
chopped (n.s.) and 5.11 points lower than sliced regardless of muscle (Table 
1; Figure 1). As marbling increased by 10 points, CMQ4 score increased lin-
early by 0.16 ± 0.55 CMQ4 points (P=0.003) independently of ossification. 
As ossification increased 10 points, CMQ4 decreased by 0.40 ± -0.53 points 
(P<0.001). There were no significant interactions or curvilinear relationships 
within the dataset.
Conclusion
Australian consumers rated most barbeque brisket 3 star to 4 star quality as 
determined by Watson et al (2008b). M. pectoralis profundus had the lowest 
eating quality of the 3 muscles tested and, to produce a uniform consumer 
product, would ideally be separated from M. pectoralis superficialis which 
would impact commercial application of point end briskets.  M. serratus ven-
tralis was shown to have a similar eating quality to M. pectoralis superficialis. 
Furthermore, an effect of serve type was evident in the sensory outcomes 
which was the same across all muscles. These findings suggest that the 
low n’ slow barbeque style of cooking for beef brisket is an acceptable cook 
method for Australian consumers. However, further investigation into the 
commercialisation of this cook method is warranted.
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The impact of tasting beef steaks in a traditional sensory booth versus an immersive virtual reality restaurant 
(#584)

Cristina Botinestean, Chris Ovenden, Eimear Gallagher, Declan Troy, Emily Crofton
Teagasc Food Research Centre Ashtown, Dublin, Ireland 

Introduction
The need for sensory evaluation within the food industry is becoming in-
creasingly complex as companies continuously compete for consumer prod-
uct acceptance in today’s highly innovative food environment. Consumer 
sensory testing is typically conducted in a sensory laboratory which does 
not accurately reflect real life conditions, and thus fails to consider the im-
pact of contextual information in forming sensory perceptions and accep-
tance. Virtual reality (VR) technology is becoming increasingly popular as a 
tool for understanding the impact of context on consumer hedonic ratings 
(Siegrist et. al, 2019; Stelick et al, 2018). The aim of this study was to uti-
lise immersive virtual reality techniques to examine the influence of the sur-
rounding testing context on consumer’s sensory perception of beef steaks.
Methods
Regular beef consumers (n=30) were recruited from staff and students 
at Teagasc. Two different experimental conditions were set-up: (1) a typi-
cal sensory laboratory (LAB) (Figure 1) and (2) an immersive virtual reality 
restaurant (VR) (Figure 2). The VR restaurant context was captured using a 
Samsung Gear 360 4K Ultra HD camera and was displayed to the consum-
er through a HMD device (Oculus Go). Audio recordings were transmitted 
through the HMD device. Individual steaks of 2.54 cm thickness were cut 
from the M.longissimus lumborum. Each beef steak was vacuum-packaged 
and stored at -20°C until analysis. The steaks were placed in a refrigerator 
to thaw approximately 24 hours prior to sensory analysis. One hour prior to 
cooking, the steaks were taken from the refrigerator and removed from the 
vacuum bag. Steaks were cooked on a Velox grill using minimal cooking oil 
and no seasoning, until an internal temperature of 71°C was reached (AMSA, 
2015). Each steak was removed from the grill, wrapped in aluminium foil and 
allowed to rest for 2 minutes. Each steak was cut into two equal sized por-
tions, and presented to consumers in sensory booth and VR contexts ac-
cording to a randomized and balanced design. Consumers were instructed 
to evaluate the meat for perceived liking in terms of smell, tenderness, juici-
ness and beef flavour on a 9 point hedonic scale where 1 = dislike extremely 
and 9 = like extremely. Consumers were also asked questions regarding 
their experiences with VR to date. The data was collected electronically 
using Compusense Cloud software (Ontario, Canada) and the results were 
analysed using IBM SPSS Statistic 24 (SPSS Inc., Chicago, IL, USA.). Fried-
man’s Anova test was used to determine whether there was a significant dif-
ference between the two contexts. Statistical significance was set at P < 0.05.

Results
Significant statistical differences were observed for all sensory beef steak at-
tributes when the results from the two different contexts were compared. A 
significant increase in perceived liking scores for the beef steaks samples 
evaluated in the VR context in comparison to the sensory booth was observed 
(P < 0.05), indicating that the VR restaurant had a positive impact on consum-
er hedonic ratings of beef steaks. The majority of participants found the VR 
restaurant experience to be a more exciting and realistic testing environment 
in comparison to evaluating the beef steaks in the traditional sensory booth 
set-up.
Conclusion
Sensory consumer studies could benefit from VR as it facilitates experiments 
that could be otherwise expensive, challenging and time consuming to con-
duct in a real-life environment. The results from this study demonstrated that 
the surrounding context has a significant impact on consumer sensory per-
ception of beef steaks. The application of VR technology within sensory sci-
ence is in its infancy and further research will understand how it can be fully 
exploited as a context-enhancing tool in consumer food product evaluations.
References
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Table 1: Estimated marginal means of consumer sensory (CMQ4) score 
for muscle and serve type
 

 
Estimated marginal means prediction of consumer sensory (CMQ4) score 
for muscle by serve type 
  

 
Figure 2.  
Immersive VR restaurant context

 
Figure 1.  
Traditional sensory booth context 
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The influence of cattle age and breed on the meat quality of typical UK retail specification beef (#119)

Kate Maddy, Karim Farag
Harper Adams University, Food Technology and Innovation, Newport, UK 

Introduction
Meat quality is influenced by many contributing factors. The variation in 
United Kingdom (UK) prime beef quality is partially influenced by the variety 
of production systems and breed genetics in use. The breed type split of 
genetics in the 2008 UK cattle population was; 50.5% continental beef, 13.5% 
native beef and 36% dairy breeds. To date, there is little research into the 
meat quality of commercial UK slaughter beef, comparing popular breeds 
and age groups. The objective of this study was to determine if sire breed 
and age affect the meat quality of typical retail beef steak.
Methods
The Longissimus Lumborum of 76 animals, slaughtered in a commercial UK 
abattoir, were selected for the trial. Cross breeds from five of the most com-
monly utilised beef breeds (cross breed unknown) of 3 different age groups 
were used; Limousin (n=15), Simmental (n=15), Charolais (n=16), Hereford 
(n=15) and British Blue (n=15); Under 20 Months (n=25), 21-25 Months (n=15) 
and 26-30 Months (n=26). Samples were collected after 14 days dry aging, 
when ultimate pH (pHu) was also recorded; further wet aged in a vacuum 
bag to 40 days and then retail skin-packed for a further 13 days. Colour mea-
surement using a colorimeter and Warner-Bratzler shear force (WBSF) were 
carried out on the fresh meat at each aging point, the remaining samples 
were frozen until further analysis for drip loss (using a gravitational method), 
chemical composition using near infrared spectroscopy (NIR), cook loss and 
consumer sensory evaluation. One-way ANOVA and correlation were gen-
erated using IBM SPSS v25.
Results
A summary of the analysis of variance is shown in table 1. No significant 
differences were found between any groups at any aging point for WBSF 
and drip loss.
pHu was significant among age groups (P<0.05). Cattle aged 26-30m had 
a higher pHu (5.81) than cattle aged under 20m (5.65). A weak positive rela-
tionship between age and pHu was observed (r=0.289). Colour was the only 
factor to be significantly different at each aging point between age groups, 
shown in table 1. L* values were significantly different between age groups 
(P<0.001) (figure 1) at each aging point. The increase in L* values at day 40 
is likely to be due to the opening and repackaging of the samples. This trend 
was observed for all L*a*b* values for both breed and age. A negative rela-
tionship between age and L* was established. The relationship strengthened 
as aging time increased (Day 14 r=-0.405; Day 53 r=-0.450).

Although L* is linked to pH, a stronger relationship was observed with age 
than pH. L* showed no relationship with aging time, however strong negative 
relationships were observed for a* (r=-0.548) and b* (r=-0.674). Significant-
ly higher values (P<0.05) for both a* and b* were observed for 26-30m at 
day 40. Between breeds, colour was only significantly different at day 40 
(P<0.01). Simmental had higher a* and b* values.
The fat analysis found a significant difference (P<0.05) between breeds. 
Limousin and Hereford had lower fat content in the lean muscle, 3.17% and 
3.37% respectively, than Charolais (4.39%), Simmental (4.59%) and British 
Blue (4.15%). This partially agrees with Sevane et al. (2014) who observed 
that Limousin had significantly lower fat (P<0.005) than 15 European breeds, 
including Simmental and Charolais. A medium negative relationship be-
tween protein and age was observed (r=-0.354) and there were significant 
differences between age groups (P<0.01). Collagen was significant (P<0.01) 
between age groups; 26-30m had higher collagen content. A weak positive 
relationship between collagen and age was observed (r=0.282).
The sensory evaluation had only one significant result which was at day 14. 
British Blue was significantly less juicy (P<0.01) than the other breeds and 
scored significantly lower (P<0.01) for the total sensory score. Although there 
were no significant differences at Day 40 and Day 53, Simmental received 
the highest scores. No significant differences were observed between age 
groups; agreeing with the findings of Warren et al. (2008)who compared cat-
tle aged 14, 19 and 24 months.
At Day 40 of aging, Limousin was found to have significantly higher cook 
loss (P<0.01) than Simmental, Charolais and British Blue. Limousin had the 
lowest median juiciness score at day 40, which could be linked to high cook 
loss. At day 53 of aging, 21-25 month old cattle had cook loss significantly 
less than 26-30m (P<0.05). A strong positive relationship was observed be-
tween cook loss and aging time (r = 0.553).
Conclusion
More differences were observed between age groups than breed groups, 
suggesting that age has more influence on quality than breed. Further re-
search could examine consumer acceptability of colour through aging, with 
a focus on cattle age. From this research, there is no strong evidence to 
suggest that any breed has superior qualities.
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Figure 1: L* values for each age group at each point of aging

 
Table 1: Summary of analysis of variance between breed and age groups 
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Investigation of consumers’ preference on colour of sliced beef in hot pot (#114)

Fangfang Wang1, Yanwei Mao*1, Yimin Zhang1, Pengcheng Dong1, Rongrong Liang1, Xin Luo1, Xinyi Wang1
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Introduction
In China, as a traditional food, hot pot is very popular among consumers. And 
sliced beef is one of most important raw material. Sliced beef in hot pot beef 
is usually sold by means of frozen storage. It was founded that frozen storage 
darkens the colour of the beef pieces, which reduces the attractiveness of 
the product. However, what kind of colour of sliced beef in hot pot is accept-
ed or preferred by consumers is still not explicit. Therefore the objective of 
the present study was to quantify the relationship of instrumental colour and 
consumers’ preference of sliced beef in hot pot, and establish a practical and 
indicative threshold for colour acceptability.
Methods
A meat colour gradient (9 in total) was created by taking samples of hot pot 
beef slices from different colours in the supermarket. The procurement of 
images was standardised as outlined below:
Samples were measured by using a X-Rite spectrometer (Model SP62) fitted 
with a 4 mm aperture size and using illuminant D65 and 10° observer set-
tings. Then objective colour of L*, a*, b* were recorded. And a photo of each 
sample was taken with a Nikon camera (Model D7200, f /5.3, 1/20 s exposure 
time, ISO-200, 90 mm focal length). Auto-focus was used, but no flash, filters 
or other lenses were applied when capturing images. All images were then 
uploaded as JPEG format, and then cropped (1792 pixels × 1544 pixels) at 
the site of colorimetric analysis.
The 9 images that represented a range of meat colour traits were selected 
and used in online surveys created by the https://www.wjx.cn/ websites. A 
total of 15 required questions were designed, including the consumers’ gen-
der, age, love for hot pot, frequency of hot pot consumption, frequency of 
beef slices when eating hot pot, the importance of beef color, such as ten-
derness, flavor and other qualities, as well as their preference for nine meat 
color pictures. The 9 images were presented individually and in a random 
order to each respondent, who were asked to score each presented image in 
terms of colour acceptability using a six level interval scale: very unaccept-
able (1 point), unacceptable (2 points), not quite acceptable (3 points), just 
acceptable (4 points), acceptable (5 points), and very acceptable (6 points). 
Among them, 4 points are acceptable thresholds.
Instrumental measures and consumers’ preference were fitted in R software. 
Fixed effects and splines were identified as significant if the associated 
P-value was less than 0.05, and insignificant terms were subsequently re-

moved from the model.
Results
According to the survey, 97.14% of the 1467 surveyed people like to eat hot 
pots; 98.43% of the people have hot pot consumption every month; and only 
3.34% do not eat beef slices while eating hot pot. Therefore, hot pot and beef 
slices are very popular among consumers in China. In addition, beef color 
was considered as an important quality indicator by 89.36% of consumers. 
Hence, the color of beef slices in hot pot is an important indicator affect 
consumers’ buy decision.
Through linear regression, it was showed that a* value is the best indicator 
to reflect the consumer score. The acceptance threshold is a*≥14.5, and the 
optimal value is a*≥18 (Fig.1 and Fig.2). This result is consistent with the 
results of Holman et al. (Holman et al.,2017). Taking consumers’ satisfaction 
as y and a* value as x, the following equation is created: y = -0.5765901 + 
0.4603197 * x - 0.0099960 * x2 (P < 0.001)
Conclusion
Color is one of the important quality characteristics that affect the consump-
tion of hot pot beef slices. And a* value is the most suitable indicator to re-
flect consumer preference. The acceptance threshold is a*≥14.5, the optimal 
value is a*≥18.
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Fig.2 The boxplot of a* value and  consumers’ preference. 
  

 
Fig.1 The fitting diagram of a* value and consumers’ preference 
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Lipid oxidation and consumer´s acceptability of lamb patties with active and edible coatings (#156)

Ana Guerrero1, Ana Carolina P. Vital1, 2, Pablo Guarnido1, Izabella C. Severino1, Jose L. Olleta1, Carlos Sañudo1, Ivanor N. do Prado3, 
María M. Campo1

1 University of Zaragoza, IA2, Animal Production and Food Science, Zaragoza, Spain; 2 State University of Maringá, Food Science, Maringá, Brazil; 3 State University of Maringá, Zootechnic, Maringá, 
Brazil 

Introduction
Lipid oxidation is one of the main factors that decrease quality and sensory 
acceptability in meat products [1]. Synthetics additives are often used by the 
food industry in order to slow down lipid oxidation and extend shelf life. But 
consumers are becoming more health conscious and the demand of replac-
ing synthetic by natural additives is increasing [2]. The use of essential oils 
(EOs) could be an alternative [2], which is well accepted by consumers [3, 4]. 
An edible coating is a possible way to incorporate essential oils in the meat 
[5, 6]. The aim of this study was to evaluate lipid oxidation and consumer 
acceptability of lamb patties covered with alginate edible coating containing 
two different EOs (thyme and oregano).
Methods
Sixteen deboned hind limbs from Rasa Aragonesa lambs, selected from 
“Ternasco de Aragón” IGP Quality Label animals, were used to prepare lamb 
patties. They were assigned to six treatments: CON: patties uncoated (con-
trol); EC: with edible coating without EOs; THY 0.1%: with edible coating 
with 0.1% thyme EO; THY 0.05%: with edible coating with 0.05% thyme EO; 
ORE 0.1%: with edible coating with 0.1% oregano EO; ORE 0.05%: with edible 
coating with 0.05% oregano EO. Edible coating was prepared from sodi-
um alginate solution [5]. Essential Oils of thyme (Thymus vulgaris QT linalol) 
and oregano (Origanum vulgare) from Pranarôm International ® (Ghislenghien 
-Belgium) were used.
 
All patties were packaged in individual polystyrene trays with a modified 
atmosphere (70% O2 and 30% CO2) and displayed at 4º C simulating market 
conditions during 7 days.
 
Lipid oxidation assays were performed by TBARS [7].
 
Eighty Spanish consumers participated on the sensory test. Each patty 
was individually cooked in a pre-heated grill (200 °C) until reaching an in-
ternal temperature of 75 °C. Each sample was then divided in five portions, 
wrapped in aluminum foil, and kept at 50 °C until consumer evaluation. Each 
consumer tasted 6 different samples (one per treatment), served in a ran-
domized design assessing tenderness acceptability, flavour acceptability 
and overall acceptability; using a structured hedonic 9 point scale ranging 
from (1 = dislike extremely to 9 = like extremely). Analysis of variance (SPSS 

22.0) was performed. Treatment was considered as fixed effect and consum-
er as random. Duncan’s test (P ≤0.05) shows differences between means.
Results
There were statistical differences (P <0.001) between treatments on lipid ox-
idation after 7 days of display (Table 1). The incorporation of alginate edible 
coatings per se did not reduce lipid oxidation. However the inclusions of 
essential oils significant reduced it. Oregano EO had a greater effect than 
thyme EO independently of the dosage used.
 Both plants (oregano and thyme) are worldwide used on lamb culinary pro-
cess, however their strong aromas modify the food organoleptic properties 
[8], consequently affecting consumer acceptability. Statistical differences (P 
<0.001) were reported on flavour and overall acceptability (Table 1). No dif-
ferences (P >0.05) appeared on tenderness acceptability, according to [4].
 Flavour acceptability of thyme EO, especially at higher dosages (0.1%), was 
significantly lower than those reported on CON group. Addition of oregano 
decreased slightly acceptability scores. Nevertheless, it did not differ from 
CON and EC treatments.
 Overall acceptability is frequently correlated with other sensorial variables 
as flavour. Thus samples from THY 0.1% presented lower values that those 
from CON, EC or ORE 0.1%. The preference for the dose added varied ac-
cording to the oil used (0.1% for oregano and 0.05% for thyme).
 Related to consumer attitudes and preferences, the 88.6% of participants 
knew EOs and the 96.2% thought that they are applicable on food industry. 
The 66.3% would will to pay more for a meat product with natural additives 
as EO and the most chosen overprice was <5% (37.7%).
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Table 1. Lipid oxidation (mg malonaldehyde / kg meat) and consumer 
acceptability (n= 80) of lamb patties with active and edible coat-
ings (mean ± standard deviation)

  CON EC THY 0.05% THY 0.1% ORE 0.05% ORE 0.1% P

TBARs 0.42±0.03b 0.50±0.07a 0.26±0.02c 0.25±0.01c 0.12±0.01d 0.11±0.01d <0.001

Flavour acep. 6.87±1.4 a 6.75±1.5 ab 5.98±1.8 bc 5.45±1.8 c 6.21±1.9 abc 6.35±1.9 ab <0.001

Tenderness acep. 6.55±1.6 6.95±1.3 6.60±1.7 6.46±1.5 6.95±1.5 6.80±1.4 0.163

Overall acep. 6.61±1.4 a 6.56±1.6 a 5.96±1.7 ab 5.57±1.9 b 6.26±1.9 ab 6.43±1.7 a <0.001

 

a, b, c: different lower letter means statistical differences in the same row  
(P <0.05).
CON: patties uncoated; EC: patties with edible coating without EOs; THY 
0.05%: patties with edible coating with 0.05% thyme EO; THY 0.1%: patties 
with edible coating with 0.1% thyme EO; ORE 0.05%: patties with edible coat-
ing with 0.05% oregano EO; ORE 0.1%: patties with edible coating with 0.1% 
oregano EO.
Conclusion
Addition of essential oils on edible coatings on patties was an effective strat-
egy to reduce lipid oxidation in lamb. However, it also modifies sensory prop-
erties and consumer acceptability, especially flavour and overall scores. On 
the current research oregano was more effective and accepted than thyme 

EO. 
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The effects of meat pigments and amino acids on the color properties of cooked ground chicken breast (#116)

Jong Youn Jeong1, 2, Su Min Bae1, Min Guk Cho1, 2, Gi Taek Hong1, 2, Jae Hyeong Choi1, 2

1 Kyungsung University, School of Food Biotechnology and Nutrition, Busan, South Korea; 2 Kyungsung University, Center for senior-friendly novel material, food, and pharmaceutical (Brain Busan 21 Plus 
Program), Busan, South Korea 

Introduction
The pink color defect in fully cooked, uncured meat products is a major 
problem in the poultry industry. Previous studies revealed various process-
ing conditions that influenced the specific biochemical conditions, structure, 
and reactivity of the pigments in cooked meat (Claus & Jeong, 2018; Ho-
lownia et al., 2003). Myoglobin is the sarcoplasmic heme protein primarily re-
sponsible for the color of meat. However, hemoglobin, cytochrome, and other 
pigments may also be present in meat at low levels and contribute to its color 
(Suman & Joseph, 2014). Recently, Claus and Jeong (2018) found that a pink 
color defect (natural pink) could be reproduced without adding a pink col-
or-generating ligand in cooked ground turkey breasts when ground turkey 
was pre-salted and stored for 7 days. In order to understand the mechanism 
of the sporadically developed pink color problem, interactions between meat 
pigments and amino acids in ground chicken under processing conditions 
related to pink color were needed. Therefore, the objective of this study was 
to investigate the effects of added meat pigments and amino acids on natu-
ral pink color development in cooked ground chicken breasts.
Methods
Fresh chicken breasts (1 day postmortem) were obtained from a local pro-
cessor and ground using a grinder (a 0.3-cm plate). The ground chicken 
trimmings were assigned as a 2 × 7 factorial, which was dependent on meat 
pigments (absence or presence) and amino acids (control; no amino acid 
added, cysteine, histidine, methionine, phenylalanine, pyridine, or tyrosine). 
The ground meat was mixed with 2.0% sodium chloride (meat weight basis, 
MWB) for 5 min. Each batch was either mixed with 1.0% amino acids as 
the acid form with/without 0.11% meat pigments (0.05% myoglobin, 0.05% 
hemoglobin, and 0.01% cytochrome c) in water (15% MWB). Each treatment 
was mixed for 10 min, vacuum packaged (2-3°C), and then stored for 7 days. 
Following storage, all treatments were stuffed into tubes (50 g each) and 
centrifuged to remove air pockets. All samples were cooked to an internal 
temperature of 75°C in a 90°C water bath. The samples were cooled on ice 
and were stored (2-3°C) in the dark until further analysis. Data were ana-
lyzed as a completely randomized split plot design, where meat pigments 
(absence or presence) were the whole plots, and the control and 6 amino 
acid treatments were the split plot. All results were analyzed using the Proc 
Mixed Model of SAS program to determine main effect. Mean values of the 
dependent variables were separated (P < 0.05).
Results

Added meat pigments influenced all the variables (P < 0.05) tested on cooked 
ground chicken, except for oxidation-reduction potential (ORP). When meat 
pigments were added to ground chicken meat, pH, CIE a* values, rNIT 
(reflectance estimator of nitrosyl hemochrome, %R650nm/%R570nm), rNIC 
(reflectance estimator of nicotinamide hemochrome, %R537nm/%R553nm), 
and total pigment were higher (P < 0.05) in comparison to samples without 
meat pigments. The addition of meat pigments particularly increased the 
pink color in cooked ground chicken breast (CIE a* values, 11.48 VS 4.38 in 
the presence VS absence of meat pigments; P < 0.05). Total pigment con-
tents were also higher (P < 0.05) in the chicken products (42.78 ppm) with 
adding meat pigments when compared to those without meat pigments 
(12.99 ppm). These findings are similar to those of Ahn and Maurer (1989), 
who reported that the addition of myoglobin or combination of myoglobin 
and cytochrome c significantly increased the redness and total pigment 
contents in cooked turkey breast. Interestingly, the incorporation of amino 
acids to ground chicken meat affected all the variables, regardless of wheth-
er meat pigment was added or not. Compared to the control, samples with 
histidine, pyridine, or tyrosine showed higher pH values (P < 0.05), while 
samples with cysteine showed lower pH values (P < 0.05), which probably 
could be due to the pH effects of added amino acids. Out of all the added 
amino acids, pyridine increased the redness of the cooked ground chicken 
breast the most when compared to the control (CIE a* value increase of 
63.6%; P < 0.05). Contrastingly, the addition of tyrosine to the ground chick-
en meat reduced the CIE a* value the most when compared to the control 
(reduction of 8.6%, P < 0.05). Samples with pyridine had lower rNIT and total 
pigment contents when compared to the control (P < 0.05), but higher rNIC 
ratio. Compared to the control, the ORP of the cooked products reduced by 
the addition of pyridine compared to the control (P < 0.05), but increased by 
the incorporation of cysteine, histidine, or methionine (P < 0.05). Claus and 
Jeong (2018) found that higher pH values in cooked turkey breasts promoted 
reducing conditions (more negative ORP values). Furthermore, Holownia et 
al. (2004) reported that a more negative ORP was favorable for increasing 
the pink color without adding sodium nitrite.
Conclusion
In conclusion, the added meat pigments increased the natural pink color as-
sociated with hemochrome formation in cooked ground chicken breast. Fur-
thermore, higher pH values and increased reducing conditions via pyridine 
addition may contribute to the pink color of cooked ground chicken breasts.
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Introduction
Post-harvest ageing of meat plays a pivotal role in palatability. Controlling 
the key factors affecting the rate and extent of ageing is highly important to 
the development of effective strategies to improve meat quality (Brad Kim et 
al., 2018). Fallow deer (FD) is one of the most abundant deer species reared 
under farm conditions throughout the world, rising in popularity within Eu-
rope (Kudrnáčová et al., 2018). Farming deer has the potential of providing a 
regular meat supply of uniform quality to the market in comparison to hunt-
ed deer. However, the optimum length of ageing of farmed deer to ensure 
a product of consistent quality is unknown. Thus, the purpose of this study 
was to determine the influence of different ageing times on the sensory char-
acteristics of venison from farmed fallow deer bucks.
Methods
Twenty-one farmed 20 months old FD bucks were slaughtered. Animals 
were stunned, bled on farm and transported to the abattoir for processing. 
After chilling for 24 h, both longissimus lumborum (LL) muscles were col-
lected, divided into four, vacuum packed and randomly assigned to one of 
four post-mortem ageing periods (7, 14, 21 or 28 days) at 4 °C. Each sample 
was frozen after their respective ageing period. Thawed samples of LL were 
divided into 2 cm steaks and cooked on a double plate grill until an internal 
temperature of 70°C. They were immediately cut into ~20 mm cubes and 
placed into glass containers marked with a random code. Descriptive sen-
sory analysis (DSA) was performed by ten trained panellists. A total of five 
sessions of the DSA were performed, in which four sets of four samples (five 
sets in the last session) were randomly presented to the panellists. Each set 
consisted of four samples from a single animal, differing in ageing period 
length. A linear unstructured continuous 100 mm scale was used for each of 
the nine descriptors, which was subsequently transformed into a numerical 
scale (0-100) for the statistical analysis. The MIXED procedure of the SAS 
was used to statistically evaluate the data. The model included the fixed 
effect of ageing period and the random effects of session and panellist. The 
data in table 1. are presented as least squares means and standard errors 
of the mean (SEM). For post hoc analysis, Tukey’s range tests were used. 
Differences were considered significant at the level of P < 0.05.
Results
The results of DSA of grilled LL muscles are given in Table 1. With excep-
tion of game flavour intensity and liver flavour, significant differences were 

observed in all remaining attributes. The samples aged for 14 days received 
higher and thus more favourable scores for tenderness and overall accep-
tance than those aged for longer periods (P < 0.001). The intensity of game 
aroma and bitter flavour were scored higher in the samples aged for 28 days 
compared to those aged for 7 or 14 days (P < 0.01).Table 1. Scores (LS mean) 
for the organoleptic properties of LL muscle from FD following different age-
ing periods
  Ageing time

Attribute  7 days 14 days 21 days 28 days SEM P-value

Game aroma intensity 54.4B 54.3B 58.0AB 61.4A 2.59   0.002

Liver odour 41.6B 41.2B 46.5AB 49.7A 4.54 <0.001

Tenderness 63.4AB 68.4A 54.4C 61.5B 3.35 <0.001

Juiciness 56.5AB 60.8A 52.6B 56.2AB 3.37   0.016

Game flavour intensity 56.8 61.2 60.0 58.7 3.49   0.119

Liver flavour 51.0 52.7 54.7 54.8 4.00   0.268

Bitter flavour 34.3C 36.3BC 41.0AB 42.8A 5.32   0.001

Chewiness 58.5A 60.2A 45.2B 55.0A 3.92 <0.001

Overall acceptance 57.8AB 61.6A 52.0B 53.4B 2.51   0.001
A,B,C Means in a row with different letters differ at P < 0.05

 
Conclusion
Higher scores were given for game aroma intensity and liver odour with in-
creasing ageing time which is in agreement with the results reported for 
hunted FD (Piaskovska et al., 2016). The highest scores for texture char-
acteristics were obtained in the samples that were aged for 14 days, al-
though it did not differ significantly from that obtained from day 7. The 
highest texture evaluation reported for hunted 3 year old FD was 30 days 
(Těšanović et al., 2011) whereas for 17 months old FD it was 21 days (Pias-
kovska et al., 2016). The optimal ageing period for the LL muscle from 20 
month old FD bucks in the current study appears to be 14 days, as the ad-
ditional time did not improve most of the texture characteristic assessed. 
This is in agreement with the recommendations reported for venison by 
Farouk et al. (2009). Our results indicate that the effects of age, sex and 
production system on sensory characteristics of farmed FD meat war-
rant further research. Acknowledgement: Supported by MZE-RO0718 and  

CZ.02.2.69/0.0/0.0/16_027/0008366.
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Introduction
Sensory consumer studies are often conducted to detect significant differences 
between various formulations. In some instances, however, the aim is to rather 
state similarity. That is, one wants to prove whether two formulations are vir-
tually equivalent in terms of consumer acceptance. The case of boar tainted 
meat lends itself to such a question: Here, it is necessary to identify the level of 
boar tainted meat which can be used in a mixture which is not worse than the 
reference from castrates/sows and possibly have other benefits, specifically 
the elimination of castration. Therefore, we propose the so-called non-inferiority 
testing (Meyners, 2012) instead of deriving conclusions from significant differ-
ences only.
Methods
Specifically, we wanted to derive an upper limit of tainted boar meat that can 
be used for the production of Frankfurters which guarantees sufficiently similar 
consumer acceptance. While forming mixtures is a widely used approach for 
other raw materials in food industry, it has not yet been systematically ana-
lyzed for boar tainted meat. That is why we simultaneously studied four factors 
relevant for the production of emulsion-type sausages: percentage boar meat 
(skatole concentrations up to 0.3 µg/g, androstenone up to 3.8 µg/g in melted 
backfat), duration of traditional smoke and two concentration levels of two spic-
es. 16 variants of Frankfurters were produced in two independent studies and 
evaluated by in total 211 consumers. A linear mixed effects model revealed that 
increased levels of boar tainted meat significantly reduced consumer accep-
tance which could not be compensated by increased smoke or spice levels. We 
then applied a non-inferiority test to identify the percentage that is not substan-
tially worse than a reference from castrates/sows. As it is statistically impossi-
ble to prove equality, the concept of non-inferiority is characterized by defining 
an inferior product by setting a non-tolerable liking drop compared to a control 
product. It is then tested, whether the product of interest is significantly better 
than the inferior product. By defining a margin, one-sided confidence intervals 
for effects of boar percentage from the model above can be used to conclude 
non-inferiority: in case of an interval completely within the margin, products 
with corresponding boar percentage can be stated as being sufficiently similar 
to the control. We used -0.5 as margin of acceptable deterioration/liking drop. 
That is, we consider a product with a liking drop of 0.5 inferior to the control.
Results

Figure 1 illustrates the one-sided 95% confidence intervals (CI) of flavor and 
odor liking for tainted boar meat percentage in the formulation for both stud-
ies separately, and for the combined data. For both odor and flavor liking, the 
CI is within the margin of non-inferiority for products containing 33% heavily 
tainted material. Because the red line is not exceeded by the whiskers of the 
confidence band, i.e., products containing 33% boar meat are significant-
ly better than the margin of acceptable deterioration. In other words, these 
products are considered non-inferior to the control. Hence, under the con-
ditions of this study up to 33% heavily tainted boar meat can be used with-
out compromising consumer acceptance. This holds under the assumption 
that an inferior product is characterized by a liking decrease of (at least) 0.5 
points on a 9 point liking scale.
The non-inferiority approach allowed us to identify the percentage of tainted 
boar meat which is sufficiently equal in terms of acceptability. Such blending 
(mixing) is a widely used strategy to maintain a consistent quality despite of 
varying raw material. Discarding safe carcasses because of otherwise harm-
less taint is a highly questionable procedure that in terms of sustainable pork 
production urgently needs to be reconsidered and revised. Therefore, reli-
able solutions are needed for processing tainted boar meat into acceptable 
products. The scale dependent liking loss in this calculation can of course 
also be set stricter depending on the risk a processor/retailer is willing to 
take.
Conclusion
The proposed non-inferiority test supports the idea that up to 33% tainted 
boar raw material can be used in processed pork products such as Frank-
furters.
 
[1] Meyners, M. (2012). Food Quality and Preference, 26(2), 231–245.
[2] Mörlein, J., Meier-Dinkel, L., Gertheiss, J., Schnäckel, W., Mörlein, D. (2019): 
Meat Science 152 (2019) 65–72.
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Figure 1: One-sided 95% confidence intervals of relative difference 
of consumer acceptance ratings f  Figure 1: One-sided 95% confidence 
intervals of relative difference of consumer acceptance ratings for 
Frankfurters depending on the level of tainted boar meat as compared 
to formulations made from castrate meat. Results are given for both 
flavor and odor liking obtained in two independent studies with a to-
tal of 211 consumers. Liking was reported by consumers using a 9pt-
scale ranging from 1 (dislike extremely) to 9 (like extremely). Red 
dotted line is the limit for non-inferiority (Mörlein et al., 2019).
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Eating quality differences between new season and old season lambs are minimal (#290)
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Introduction
Consumer beliefs and retail marketing of “young spring lamb” has shaped 
an industry wide perception that new season (NS) lamb (approx. 6-8 months 
old) has better eating quality than old season (OS) lamb (approx. 10-12 
months old). This perception is also based on the knowledge that increased 
animal age decreases eating quality, mostly as a result of increased collagen 
crosslinks [1]. Despite this, there is little evidence to support an age-related 
difference between NS and OS lambs. Pannier  showed little to no difference 
in consumer eating quality scores between lambs and yearlings in the loin, 
a high quality cut [2]. In contrast, yearlings had lower scores than lambs in 
the topside, a low quality cut. Therefore, we hypothesised that consumer 
eating quality scores between NS and OS lamb would not differ for high 
quality cuts, although OS lamb will receive lower scores than NS lambs in 
low quality cuts.
Methods
NS (n=88) and OS (n=88) lambs were sourced from 4 farms. At each farm, 
the two age classes were grouped together under extensive pasture grazing 
conditions for 4 weeks prior to slaughter, ensuring the same pre-slaughter 
nutrition and management. Animals were sent to slaughter on the same day 
and abattoir, with each carcase electrically stimulated for 30 mins post-stun-
ning. Eight cuts (topside, rump, outside, knuckle, loin, leg, shoulder and rack) 
were collected and tested from each carcase using a grill or roast cooking 
method (Table 1). After 5 days ageing all cuts were frozen and later thawed 
before evaluation by untrained consumers. In total 1,341 cuts were eaten by 
2,235 consumers following Meat Standards Australia sensory protocols. 
Each cut received 10 individual consumer scores. Each consumer scored 6 
meat samples for tenderness, juiciness, liking of flavour and overall liking on 
a scale of 0 to 100. Consumer scores were analysed using linear mixed ef-
fects models (SAS) with age class, cut and farm within killgroup included as 
fixed effects, with relevant interactions. Animal identification and consumer 
within session were used as random terms.
Results
NS lambs (hot carcase weight 23.9kg, GR fat depth 15.4mm, intramuscular 
fat 4.3%) were lighter and leaner than OS lambs (hot carcase weight 25.6kg, 
GR fat depth 17.0mm, intramuscular fat 4.8%). There was no difference in 
sensory scores between NS and OS lambs in the loin, rack, leg and shoulder 
cuts for any of the sensory traits (Table 1). There was also no difference in 
the outside for tenderness, juiciness and overall liking, and no difference in the 

topside for tenderness, liking of flavour and overall liking. In contrast, NS lambs 
received higher sensory scores (P < 0.05) in the knuckle for all traits, and in the 
rump for juiciness, liking of flavour and overall liking. For all sensory traits NS 
lambs were given an average of 2.9 scores higher in the knuckle and 3.1 scores 
higher in the rump compared to OS lambs. Across all lambs, sensory scores 
were highest for the rump, knuckle, rack and loin cuts, with overall liking scores 
of 67.8, 67.8, 67.5 and 64.8. The shoulder, outside, leg and topside cuts received 
lower overall liking scores of 62, 59, 55 and 51.
Conclusion
Consumers could not differentiate between NS and OS lamb for most cuts, 
potentially due to the small age differences. This agrees with results from Peth-
ick [3] who also found no difference in eating quality when comparing 8.5 and 
20 month old lambs. The results support our hypotheses that NS lamb would 
score no different to OS lambs for high quality cuts. The exception to this was 
the knuckle and rump, which were classified as high quality cuts based on sen-
sory scores. In this case consumers generally preferred NS lamb. Differences in 
consumer scores between NS and OS lambs in the knuckle and rump could be 
attributed to decreases in collagen solubility. Collagen solubility decreases with 
increased age and results in tougher meat [1]. When comparing lambs of 6 and 
9 months old collagen solubility decreased in the knuckle by 2.5%, which was 
5 times higher than other cuts [4]. It seems that with increased age collagen 
solubility decreases more rapidly in these particular cuts, causing tougher meat 
and potentially lower sensory scores. This study has highlighted the potential 
to develop high quality OS or “autumn lamb” products, and therefore should 
receive the same premium price as NS lambs at retail.
1. Young, O. and Braggins, T., Tenderness of ovine semimembranosus: is collagen 
concentration or solubility the critical factor? Meat science, 1993. 35(2): p. 213-
222.
2. Pannier, L., G. Gardner, and D. Pethick, Effect of Merino sheep age on consum-
er sensory scores, carcass and instrumental meat quality measurements. Animal 
Production Science, 2018.
3. Pethick, D., Effects of animal age on the eating quality of sheep meat. Australian 
Journal of Experimental Agriculture, 2005. 45(5): p. 491-498.
4. Cross, H., Smith, G., and Carpenter, Z., Palatability of individual muscles from 
ovine leg steaks as related to chemical and histological traits. Journal of Food Sci-
ence, 1972. 37(2): p. 282-285.
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Least Square Means (+se) of NS and OS lamb eating quality scores 
within individual cuts Values within each cut (row) for individual 
traits followed by a different letter are significantly different at P 
> 0.05
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Introduction
During the storage, the lipid oxidation provokes changes in flavor, texture 
and color of foods because of degradation of pigments, lipids and proteins 
[1]. One of the main concerns of the meat industry is preserving food to 
extend its shelf life, whilst ensuring its safety and quality. In this sense, the 
use of antioxidants is one of the major strategies to prevent the detrimental 
effects of oxidation [2]. In the recent years, the interest in natural antioxidant 
has increased due to the use of synthetic antioxidant is being restricted in 
different countries and consumers prefer natural ingredients. The incorpora-
tion of natural antioxidants can be directly on meat product or incorporated 
into the packaging material. In this regard, the incorporation of natural anti-
oxidants in polyethylene-based films has proved to reduce the oxidation in 
meat products [3, 4]. The aim of this study was to evaluate the color, the dis-
coloration at surface and the odour attributes during shelf life of cooked ham 
stored in active packaging with green tea extract and oregano essential oil.
Methods
Fresh pieces of pork legs were purchased at local market. The whole pieces 
were deboned and cleaned of connective tissue in order to facilitate the 
brine penetration. Then pork legs were injected with 2% brine solution con-
taining sodium chloride (10.8%), dextrose (3%), polyphosphates (1.8%), carra-
geenan (1.8%), ascorbic acid (0.6%), ham aroma (0.6%), sodium nitrite (0.3%) 
and color additive (0.05%). Injection was performed using a injector machine 
at 2-4 bars and 7 ºC. After the injection process a short period of time was 
necessary in order to obtain an adequate brine homogenization inside the 
piece. Afterward, a maceration process for 5 hours (temperature controlled 
of 5 ºC and cycles of movement each 20 min) was carried out. Then, ham 
pieces were packed on vacuum plastic bags and cooked in a cooking kettle 
until reach an internal temperature of 75 ºC. Finally, after the cooking stage, 
cooked ham was refrigerated until reach an internal temperature of 6 ºC for 
12 hours.
Cooked ham pieces were cut in slices and stored in polystyrene tray. Sam-
ples were randomly divided into three batches. The first batch (control) was 
packaged without active film; the second batch was packaged with active 
film contained green extract (1%) and the third batch was packaged with 
active film contained oregano essential oil (2%). The active packaging was 
prepared by ARTIBAL, S.A. (Sabiñánigo, Spain) under European Patent EP 
00380302.4. All cooked ham slices were packaged using a packaging ma-
chine with a gas mixture of 70% N2 /30%CO2 supplied by PRAXAIR (Madrid, 
Spain).

To determine how the panelists liked or disliked the cooked ham stored in 
the different active trays during shelf life the acceptance test was carried out 
using a hedonic scale structured in 5-point (1 = excellent and 5 = not ac-
ceptable). The trained panelists were asked to evaluate the color, the discol-
oration at surface and the odour. The sensory sessions were carried out at 
0, 7, 14 and 21 days of storage. XLSTAT for Windows version 2018 (Addinsoft, 
Paris, France) was used to analyze data.
Results
Figure 1 shows the average acceptance value scores for sensorial attributes 
given by panelists for cooked hams stored in the different active packaging 
during their shelf life. For the three studied sensory attributes, all scores 
were obtained between 1 and 3 on the hedonic scale used, ranged between 
the category regions “excellent” and “acceptable”, respectively. The cooked 
ham stored with active film contained oregano essential oil (batch 3) ob-
tained the best acceptance scores for the three studied sensorial attributes. 
Specifically, in terms of color and discoloration at surface, it should be not-
ed that the highest acceptances scores were provided by batch 3, which 
could be suggest a higher antioxidant capacity of compounds from essential 
oregano for protecting color loss in the product, with respect to batch 2 con-
taining green tea extract.
Focusing on the last day of the shelf life study, the ANOVA results (Figure 2) 
showed significant differences (P<0.01) among the studied batches for color 
attribute. The color and odour acceptance scores showed in control batch 
were close to limit value of acceptance.
Conclusion
The packaging composed of oregano oil presented greater ability to main-
tain the color, avoid the discoloration at surface and improve the odour ac-
ceptance of cooked ham than those that contained green tea extract.
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Sensory attributes of beef round cuts across cooking methods and cut size (#323)

Rhonda Miller1, Paige Smith1, Cassandra Pena1, Chris Kerth1, Hannah Laird1, Dale Woerner2, Gordon Carstens1

1 Texas A&M University, Animal Science, College Station, US; 2 Texas Tech University, Animal and Food Science, Lubbock, US 

Introduction
Cooking method, marbling level and cooked internal temperature endpoint 
affect beef sensory characteristics. Beef cuts respond differently to these 
attributes due to differences in live animal muscle function. Beef round cuts 
have been problematic. US beef has improved in tenderness over 30 years; 
however, round cut tenderness has not improved. Fully elucidating the ef-
fects of cut size, cooking method and degree of doneness for beef round 
cuts is needed to provide consumers methods to maximize tenderness and 
flavor.
Methods
USDA Top Choice and Select bottom round (BR), eye or round (ER), and in-
side round (IR) subprimals were purchased, aged 14 d, and sliced into 0.6 cm, 
1.9 cm cuts, or 0.9 kg roasts. IR were sliced into 0.6, 1.9 or 5.1 cm cuts. Cuts 
were cooked, 177°C temperature, using stir fry (SF), pan grill (PG), stew (SW) 
or roast (RS) methods. SF slices were cut across the grain into 2.5 cm strips.  
Marinated SW cuts were marinated for 12 h (118 ml water, 90 ml lemon juice, 
30 ml canola oil, 5 ml salt, 2.5 ml pepper). SF, PG and RS cuts were cooked 
to 58, 70 or 80°C internal temperatures. SW cuts were cooked for 30 min, 1.5 
hr or 3 hr. SF cuts were cooked with 14 ml of canola oil. SW cuts were cooked 
with 28 ml of canola oil, browned, drippings discarded, 750 ml water were 
added, and cooked on low heat in a covered Dutch oven. Internal tempera-
tures were monitored by iron-constantan thermocouples or probes. Cuts 
were evaluated by an expert trained flavor/texture descriptive attribute pan-
el using 16-point scales (0=none;15=extremely intense). Panelists seated in 
individual booths with red lights evaluated 15 samples per day. Sparkling wa-
ter and unsalted saltine crackers were used as palette cleansers. Data were 
analyzed using Proc GLM procedures of SAS (n=12 per subclass) at alpha 
of P < 0.05. Sensory day and order were defined as random variables. Least 
squares means were calculated and differences determined using the Fish-
ers method. Principal component analysis was conducted.
Results
Choice BR cuts had higher fat-like flavor than Select BR. For PG, thicker BR 
cuts had greater levels of beef identity, browned, bloody/serumy, fat-like, 
metallic, umami, sweet, and lower levels of roasted, liver-like, cardboardy, 
musty earty, and astringenty.   PG 1.9 cm BR cuts were juicier, more tender 
and had slightly less connective tissue amount (CT).  As internal temperature 
increased for 0.6 and 1.9 cm BR cuts, browned, roasted, fat-like, and umami 
flavor increased and bloody/serumy, musty earthy, astringent, juiciness and 

tenderness flavor/texture decreased. RS BR cuts had lower levels of brown, 
cardboardy, heated oil, musty earthy, and higher levels of roasted and CT when 
compared to PG BR cuts.  As BR roast internal temperature increased, beef 
identity, browned, roasted, liver-like, umami, cardboardy, astringent and CT 
increased and bloody/serumy, metallic, sour, juiciness, and muscle fiber ten-
derness decreased . When 0.6 cm BR strips were SF, flavor and texture were 
similar with PG, 0.6 inch cuts. SW, 1.9 cm, non-marinated BR cuts had high-
er beef identity, browned, roasted, metallic, umami, sweet flavors; lower card-
boardy, heated oil, and astringent flavors; and were tougher.  When BR cuts 
were marinated, flavor was similar for 0.6 and 1.9 cm cuts. However, the 0.6 cm 
marinated BR cuts had lower beef identity, browned, fat-like, umami, sweet, 
cardboardy, heated oil, peppery, astringent; higher metallic, sour, salty, and 
bitter; and were juicier and more tender with less CT. Results for ER and IR 
cuts were similar. Biplot for BR are presented (Fig. 1) .  For BR, beef identity, 
umami, brown, sweet, and fat-like flavors were clustered and negatively asso-
ciated with astringent, muscle fiber tenderness, bitter, salty, sour and peppery.  
Bloody/serumy, juiciness and buttery were closely related and positively re-
lated to beef identity, umami, brown, sweet and fat-like.  The 1.9 cm PG and RS 
BR cuts were related to buttery, bloody serumy and juiciness.  The thinner PG 
BR cuts and thicker non-marindaded SW BR cuts, and 0.6 cm SF cuts were 
clustered with beef identity, umami, liver-like, brown, heated oil, cardboardy, 
roasted and musty earthy humus flavors.  Heated oil, cardboardy, roasted and 
musty earthy humus were clustered and negatively related to smoky char-
coal, burnt, green and metallic.   Marinaded cuts were clustered with mus-
cle fiber tenderness, astringent, peppery, bitter, sour and salty; non-mari-
nade cuts were associated with cardboardy, heated oil, roasted and musty 
earthy humus. Biplots for ER and IR cuts were similar (data not presented).  
Conclusion
Cooking method and internal cook temperature endpoint or cooking time im-
pacted beef flavor to a greater extent than USDA Quality grades.  For PG, 
thicker cuts  had more positive flavor attributes. Cooking to higher internal 
temperatures for RS resulted in more beef identity, roasted, and umami flavors 
and less serumy/bloody flavors, but tenderness decreased, especially in IR 
roasts. Marination of round cuts was most effective in improving tenderness 
of thinner cuts. Increased cooking time improved tenderness but increased 
levels of off-flavor development. 
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Figure 1.   
Bottom round principal component biplot by treatments and descrip-
tive sensory attributes. 
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Sensory properties and cross-cultural consumer acceptability of chicken sausages formulated with lentil (Lens 
culinaris) flour (#326)

Darshika P. Pathiraja, Phyllis J. Shand
University of Saskatchewan, Dept Food and Bioproduct Sciences, Saskatoon, Canada 

Introduction
Lentil flour is a rich source of starch, protein and dietary fiber, thus a poten-
tially useful binder for meat products. However, the addition of plant ingre-
dients in meat products might affect their sensory properties. Consumers 
are not willing to compromise on sensory characteristics, and this poses 
a challenge for the meat industry in terms of developing new products or 
ingredients. Moreover, some studies have shown that chemosensory per-
ceptions tend to differ between cultures. Nowadays, markets are increasing-
ly becoming global. Thus, producers are faced not only understanding the 
relationship between consumer preferences and product characteristics but 
also how this relationship depends on the cultural context. This emphasizes 
the need for understanding acceptability of relatively novel foods for export 
markets. Therefore, the aim of this study was to investigate the effect of the 
addition of lentil flour in chicken sausages on sensory properties and con-
sumer liking in different markets.
Methods
Wiener type sausage were prepared from mechanically separated chicken 
meat with addition of varying levels of infrared heated (IR) whole lentil flour 
(NutraReadyÒ, 43% starch and 25% protein) with or without sodium nitrite 
and each formulation was standardized to 4% starch content.  T1 formulation 
corresponded to a commercial formulation for comparison and was formu-
lated with 1.75% isolated soy protein (ISP) and 4% modified corn starch (CS).  
T2 to T4 were formulated by adding IR lentil flour at 4, 6 and 8% levels to 
replace IPS and CS. T5 was similar to T2, but without sodium nitrite. Other 
formulations contained 125 ppm of sodium nitrite. All other ingredients were 
kept constant in the formulations except water (31.94 – 29.33%). Products 
were cooked to >75oC in a smokehouse. The color and texture properties 
were measured instrumentally as per standard practices. Sensory descrip-
tive attributes were evaluated by a local trained panel (n=12) and liking was 
investigated in consumer panels with 60 Canadian consumers (Non-Asian 
origin) who were born and living in Canada (Group 1), 60 Sri Lankan consum-
ers who were born in Sri Lanka but living in Canada (Group 2) and 60 Sri 
Lankan consumers who were born and living in Sri Lanka (Group 3). Anal-
ysis of variance using SAS (SAS Institute, 2004) was performed and Tukey 
method was used to compare differences among means. Significance was 
determined at P<0.05.
Results
The addition of lentil flour or the exclusion of curing salt had no effect on 

lightness (L) of both external and internal color of the cooked sausage. The 
inclusion of lentil flour lowered the redness (a*) of the products. Howev-
er, products formulated with 4% lentil flour and the commercial formulation 
(T1) had similar external a* values. The hardness, cohesiveness, springiness, 
chewiness and shear force of the sausages formulated with lentil flour were 
comparable to the commercial formulation as measured instrumentally.  
The descriptive panel found significant differences for color, hardness, cohe-
siveness, denseness, chewiness, foreign flavor intensity, mouth coating and 
after taste among the treatments (Figure 1). Sausages formulated with 8% 
lentil flour showed significant effect on the intensity scores for the hardness, 
cohesiveness, chewiness and denseness compared to the commercial for-
mulation containing ISP. Addition of lentil flour increased the after taste. The 
foreign flavor intensity of the sausages formulated with lentil flour except the 
level 4% was higher than that of the commercial formulation.
There were significant differences in the rating of the acceptability of color, 
texture and flavor and overall liking by consumers. Increasing level of lentil 
flour reduced acceptability of internal and external color (Table 1).  All con-
sumer groups gave a lower rank for the sausages formulated without sodium 
nitrite. None of the consumer groups were able to detect differences in the 
foreign flavor intensity in the sausages formulated with lentil flour compared 
to T1. All consumer groups rated their overall acceptability similarly. The lik-
ing for all properties of the sausages formulated with lentil flour was compa-
rable to the commercial formulation.
Conclusion
The instrumental data showed that IR treated lentil flour can be successfully 
used in chicken sausages up to 8%. However, the trained panel detected 
small differences in the texture and flavor. Both Canadian and Sri Lankan 
consumers’ preference ratings of the commercial formulation were not dras-
tically different from those of lentil flour incorporated formulations.  The exclu-
sion of nitrite in the formulation reduced the color acceptability. Consequent-
ly, these results revealed that IR treated lentil flour could be successfully 
used in place of isolated soy protein and corn starch in chicken sausages. 
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Consumer Liking Ratings of Sausages  

 
Sensory Intensity Ratings of Sausages 
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Effects of searing cooking on sensory and physicochemical properties of beef steak (#333)

Ji Hyun Yoo1, Hae In Yong2, Ki Ho Baek1, Cheorun Jo1

1 Seoul National University, 1Department of Agricultural Biotechnology, Seoul, South Korea; 2 Research Group of Food Processing, Korea Food Research Institute, Wanju, South Korea 

Introduction
Eating quality traits of meat, including tenderness, flavor, and juiciness, is im-
portant as it contributes to meat palatability. Meat flavor is a combination of 
two sensations, taste and aroma, and it is considered to be one of the deci-
sions making factors for re-purchasing meat. Juiciness enables the chewing 
process easy and transfers and propagates flavor ingredients.
Meanwhile, cooking methods can affect the final eating quality traits of meat; 
therefore, their effect has been studied for decades. Searing cooking is one 
of the cooking techniques by cooking meat surfaces at high temperature 
until a brown crust is formed. For centuries, it has been believed to improve 
juiciness as it can seal the juice of meat and increase meaty and roasted 
aroma with the formation of Maillard reaction products. However, its actu-
al effect has still been in controversy. Therefore, this study was conducted 
to evaluate the effects of searing cooking on sensory and physicochemical 
properties of beef steak.
Methods
Sample preparation and cooking
 Beef strip loins were cut (7 ×  12 × 5 cm3; length × width × height) and 
randomly divided into two cooking groups: oven and searing cooking. For 
oven cooking, beef samples were cooked in an oven (MA324DTN, LG Elec-
tronics, Seoul, Korea) at 180°C, flipped over when the internal temperature 
reached 40°C and cooked again until 60°C. On the other hand, searing cook-
ing was conducted in an oven until the internal temperature reached 35°C 
and seared on the pan at 250 ± 5°C until the internal temperature reached 
60°C with 5-6 times of flipping.
 
Sensory evaluation and physicochemical properties
   For the descriptive sensory analysis, 10 trained panelists evaluated the 
intensities of texture and flavor using the 9-point scale. For physicochemical 
properties, water content, cooking loss, water holding capacity (WHC), and 

Maillard reaction products were measured based on the method of Kim et al. 
(2019) and Ajandouz et al. (2001).
 
Statistical analysis
  Statistical analysis was performed using t-test and significant differences 
were determined with the Tukey’s multiple range test (SAS 9.4, SAS Institute 
Inc., NC, USA).
Results
The intensities for juiciness and tenderness of beef steak did not show sig-
nificant differences with the application of searing cooking, whereas its over-
all and roasted flavor was improved when compared to those from oven 
cooking (Table 1). This result indicates that searing cooking can increase 
beef flavor only.
In addition, the results from physicochemical properties support the sensory 
results. Regardless of cooking method, water content, which is related to 
beef juiciness, was similar (Fig. 1a). Also, their cooking loss and WHC did 
not show significant differences (Figs 1b and 1c). However, when their inter-
mediate products of the Maillard reaction and browning intensity were mea-
sured, both values were significantly higher in searing cooked-beef steak 
than those in an oven-cooked sample (Fig. 2). It indicates that the Maillard 
reaction could increase significantly by searing cooking, thereby increasing 
its flavor intensity.
Conclusion
  Based on our results, searing cooking did not affect the juiciness intensity 
of beef steak as its water content, cooking loss, and WHC had no significant 
changes. Meanwhile, it promoted the formation of the Maillard reaction inter-
mediate products and browning, resulting in the increases in the intensities 
of overall and roasted flavor. Taken together, searing cooking may not make 
beef steak juicer but at least can improve its flavor through the acceleration 
of the Maillard reaction.
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Fig. 1. Fig. 1. Effects of different cooking methods on the (a) water 
contend,  
(b) cooking loss and (c) water holding capacity of beef steak.

Fig. 2. Fig. 2. Effects of different cooking methods on the Mail-
lard reaction  products of beef steaks.a,bDifferent letters with-
in different cooking  methods differ significantly (P < 0.05). 

 
Table 1. Effects of different cooking methods on the sensory property of 
beef steak evaluated by descriptive sensory analysis11Evaluated with 
10 trained panelists using a 9-point scale (1, very weak; 9, very 
strong). 2Standard errors of the means (n=6).a,bDifferent letters with-
in the row differ significantly (P < 0.05). 
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Drivers of (dis)liking: Systematic pairwise preference tests to reveal the relationship between boar taint and 
consumer acceptance (#345)

Daniel Mörlein1, Marijke Aluwé2, Gé Backus3, Michel Bonneau4, Per Brockhoff5, Patrick Chevillon4, Rune Christensen5, Maria Font-i-Furnols7, 
Jan Gertheiss8, Lisa Meier-Dinkel1, 9, Johanna Mörlein1, Elisa Oertel1, Angels Oliver7, Frank Tuyttens2, Alice van den Broeke2, Margit Aaslyng6, on behalf 
of the CAMPIG project (SANCO/2012/G3/SI2.639774)
1 Unversity of Göttingen, Department of Animal Science, Göttingen, Germany; 2 ILVO, Ghent, Belgium; 3 Connecting Agri & Food, AM Uden, Netherlands; 4 IFIP - Institut du porc, Le Rheu, France; 5 DTU, 
Kongens Lyngby, Denmark; 6 Teknologisk Institut, Taastrup, Denmark; 7 IRTA, Monells, Spain; 8 Helmut Schmidt University, Hamburg, Germany; 9 isi GmbH, Rosdorf, Germany 

Introduction
To improve animal welfare, in 2010 a European Declaration proposed a to-
tal ban on castration. Entire male pigs, however, can develop an off-odour, 
called boar taint. To prevent consumers complaints, a quantitative relation-
ship of boar taint compounds (or intensity) with consumer dissatisfaction 
needs to be established. Pairwise preference tests (Prescott et al, 2005) 
were deemed a more straightforward approach than sequential monadic 
testing to establish rejection thresholds.
Methods
Being part of the EU project CAMPIG, a consumer test was conducted with 
n=383 female consumers in Germany. The study comprised (i) the assess-
ment of consumers’ preference (odour and flavour) of castrate over boar 
meat, (ii) the assessment of consumers’ acceptance (overall liking) of cas-
trate and boar meat, and (iii) smell tests to assess olfactory acuity to andro-
stenone and skatole.
Standardized pork patties made of either castrate (21% fat) or boar meat (15 
to 21% fat) were served. Each consumer evaluated four pairs of meat patties 
following a balanced design for the serving order. While the castrate sample 
was always of the same batch, the boar patties varied with respect to an-
drostenone (0.41 to 2.17 µg/g fat tissue in neckfat) and skatole (0.07 to 0.48 
µg/g fat tissue). In total, 16 combinations of various androstenone and ska-
tole levels (see Fig. 1) were tested both, by consumers and by a trained pan-
el. Consumers’ sensitivity to androstenone (non-sensitive, sensitive, highly 
sensitive) and skatole (non-sensitive, sensitive) were assessed using smell 
strips (Meier-Dinkel et al., 2013).
Dimensionality of panel ratings, scaled to unit variance, was reduced by prin-
cipal component analysis. Association of those ratings and consumer pref-
erences was analyzed using a generalized linear mixed model, also taking 
consumers‘ sensitivity to androstenone and skatole into account.
Results
The design of experiment was successful in that the sensory characteristics 
were significantly affected by the product, i.e. boar type. Principal compo-
nent analysis of the trained panel data revealed that attributes related to 
boar taint were mainly responsible for the differentiation of the samples. The 
first principal component PC 1 (75% explained variance) can be interpreted 

as the intensity of boar taint with samples scoring low (left) vs. high (right) 
(Fig. 2). Androstenone and skatole highly correlate with PC 1 whereas fat 
content does not.
According to the smell tests, 72% and 47% of consumers were classified as 
sensitive towards skatole and androstenone at the tested levels, respective-
ly; 18% were even very sensitive to androstenone. Consumers’ preference 
of castrate over boar was significantly affected (p < .1) by their sensitivity 
towards androstenone and skatole; also the order of tasting affected the 
consumer preference (Fig. 3), i.e. when boar was evaluated first in a pair the 
chance of the castrate patty being preferred is higher. With increasing ska-
tole and androstenone levels the sensory perception of boar taint (= scores 
of PC 1) increased (Fig 2). Hence, consumer preference of castrate over boar 
increased.
Consumers often preferred the castrate sample even when the levels of an-
drostenone and skatole in the boar patties were low which is most likely due 
to the lower fat content in the boar shoulders used to make patties.
 
Conclusion
The herein established quantitative relationship between trained panel rat-
ings and consumer preferences -also taking into account their sensitivity- 
can be used to sort carcasses at slaughter. As consumer dissatisfaction is 
gradually increasing with the level of boar taint, sorting limits depend on the 
extent of acceptable dissatisfaction (Christensen et al., 2019).
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Figure 3 Predicted probability that the castrate sample is pre-
ferred over the respective boar sample as dependent on standard-
ized PC1 scores (obtained through trained panellists), the con-
sumers’ sensitivity towards androstenone (and), and the position 
of the boar sample within the pairwise test set. Panels a + b: 
boar sample was served first within a pair, c + d: boar sample was 
served second within a pair. The red line indicates the chance 
level. The shadows indicate the variability of consumer respons-
es, i.e. +/-  1 standard deviationof the random consumer effect. 

 
Figure 2 PCA bi-plot based on sensory attributes for odour (O), fla-
vour (F) and juiciness rated by trained panellists. Numbers repre-
sent the boar types, C represents the castrate sample. Chemical at-
tributes (androstenone, skatole, fat) were passively correlated with 
the principal components. 
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Figure 1 Androstenone and skatole levels in the backfat (µg/g tis-
sue) of the  boar carcasses used to produce the minced meat for the 
CAMPIG pilot study. Numbers indicate the boar meat types (1 to 16). 
Dotted lines indicate tentative rejection thresholds for androste-
none (1 µg/g fat) and skatole (0.25 µg/g fat) as suggested by Wals-
tra et al., 1999
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Organoleptic properties of celta pig meat fed with traditional or commercial feed (#346)
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Introduction
he organoleptic attributes of meat are usually considered key factors to as-
sess meat quality, among which the sensory acceptability is a major factor 
to address the consumers preferences, which can ultimately affect their pur-
chasing intention. Celta pig is a native breed of Galicia (NW Spain) highly 
appreciated by its succulent meat. Moreover, previous studies have shown 
the influence of diet and slaughter weight in the nutritional quality of meat 
(Lorenzo et al., 2014). Changes in the physicochemical properties of meat 
could modify the sensorial characteristic and influence the acceptance of 
consumers. The aim of this study was to evaluate the effect of feeding (tra-
ditional feed (C) and commercial feed (F)) and slaughter weight (low weight 
(Lw) and high weigh (Hw)) on the sensory attributes of Celta pig meat.
Methods
he organoleptic attributes of meat are usually considered key factors to as-
sess meat quality, among which the sensory acceptability is a major factor 
to address the consumers preferences, which can ultimately affect their pur-
chasing intention. Celta pig is a native breed of Galicia (NW Spain) highly 
appreciated by its succulent meat. Moreover, previous studies have shown 
the influence of diet and slaughter weight in the nutritional quality of meat 
(Lorenzo et al., 2014). Changes in the physicochemical properties of meat 
could modify the sensorial characteristic and influence the acceptance of 
consumers. The aim of this study was to evaluate the effect of feeding (tra-
ditional feed (C) and commercial feed (F)) and slaughter weight (low weight 
(Lw) and high weigh (Hw)) on the sensory attributes of Celta pig meat.
Results
The results of the QDA of Celta pig loins are shown in Figure 1. Significant 
differences (P<0.05) in color intensity, marbling, tenderness and juiciness 
were observed. The C-Hw samples received the highest scores in these 
attributes. Regarding PCA, the first two components (Figure 2) accumulated 
94.55% of total variance (F1 = 83.95% and F2 = 10.60%, first and second 
principal components, respectively). This outcome is in accordance with 
Reis et al. (2010), who argued that to select principal components, the ac-
cumulated percentage of variance has to be equal or greater than 70%. The 
PCA indicated that color, tenderness, and flavor were located in the same 
quadrant with C-Hw. This outcome agrees with the data reported by Can-
nata et al. (2010) who observed that highly marbled pork loins also received 
significantly high scores on juiciness and tenderness attributes. In addition, 
the HCA was applied to data and three groups with different preference 

profiles were generated. The PREFMAP indicated that the applied model 
was significant for Group 1 and 2 (Pr>F = 0.004 and 0.45, respectively). Ex-
ternal preference mapping and contour plot (Figure 3) showed areas that 80 
and 100% of consumers were satisfied with fresh loin obtained from C-Hw 
and C-Lw treatments. The high preference values for these treatments could 
be attributed to the high scores obtained for tenderness and juiciness attri-
butes. This hypothesis is supported by the data obtained by Aaslyng et al. 
(2007), who reported that consumer preference was positively associated 
with tenderness and juiciness in pork loins.
Conclusion
Feeding and slaughter weight influenced the sensorial perception of color, 
marbling, tenderness and juiciness of Celta pig loins. The high percentage 
of consumers satisfied with the loins obtained from C-Hw treatment support 
the use of traditional feed and high weight slaughter to produce Celta pig 
loin in the conditions used in the present study.
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Figure 1. Sensory profile of fresh Cel-
ta pig loins. * P<0.05; **P<0.01; ***P<0.001 

 
Figure 3. External preference mapping and contour plot of the Celta 
pig loins.
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Figure 2. Sensory attribute mapping of fresh Celta pig loins.
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Monitoring of Thuringian meat products for nutrition-relevant criteria and derived recommendations for the 
consumers and meat processors (#347)
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Introduction
In Germany, meat consumption of ca. 60 kg per capita and year represents 
half of this amount as meat products, mainly sausage. Within the “landscape 
of German Wurst”, Thuringia´s part is also recognized by EU legislation with 
the Protected Geographical Indication of several sausage varieties. Two third 
of meat products are purchased in packed form, with mandatory labelling 
also of nutrition facts. However, one third, mostly in the butcher´s shops, is 
offered unpacked with no nutrient labelling. In the present study, a defined 
and representative assortment of frequently consumed meat products from 
different processors should be investigated. A great diversity was expected 
for the different kinds of meat products in the gross energy (GE) and the 
content of protein, fat and salt. However, differences were also hypothesized 
for the same meat product originating from different processors. Combining 
the monitoring results with the per-capita consumption of meat products, 
should estimate their contribution to the intake mainly of fat and salt (https://
de.statista.com/statistik/daten/studie/163791/umfrage/pro-kopf-kon-
sum-von-wurstwaren-und-sonstigen-fleischerzeugnissen-in-deutschland/). 
In addition, the results of the present monitoring were compared with a sim-
ilar former study (Schöne et al. 2004 a and b) and with the official German 
Food Tables (BLS 2016).
Methods
A total of 235 samples represented 17 meat products from the four main 
groups: rawsausage (n=4, e.g. salami), scalded sausage (n=5, e.g. bratwurst), 
cooked sausage (n=4, e.g. liver sausage) andcured hams and belly bacon 
(n=4).The number of processors amounted to 15 enterprises which could 
be subdivided into 8 bigger plants (1000-4000 tons yearly production) and 
7 local handicraft businesses (300 bis 800 tons yearly production). Sample 
preparation and analyses were performed according to EN ISO standards 
of the Official Collection of Methods according to § 64 of the German Food-
stuffs and Feed Code. Results are provided as means for the main groups 
and as Boxplots for a typical product from each group. These parameters, 
the standard deviation (SD) and minimum maximum ranges are found in a 
comprehensive report (Schöne et al. 2018).
Results
The group of cured hams and belly bacon (n=49), which show clearly the 
lean and fat parts, represented the highest mean content of protein and salt 

(21 and 3.3 g/100g) and the lowest content of fat (18 g/100g) associated with 
the lowest GE of 244 kcal/100g. Raw sausages (n=53) had the highest fat 
content (33 g/100 g), the highest GE level (369 kcal/100g) and a moderate 
protein and salt content (18 and 2.9 g/100 g). Scalded sausages (n=74) con-
tained less fat, protein and salt (20, 15 and 2.1 g/100g) than raw sausages. 
Cooked sausages (n=59) showed an intermediate fat and protein content 
(26 and 17 g/100 g), finding them between the values of raw and scalded 
sausages. However, the group of cooked sausages had the lowest salt con-
tent (2.0 g/100g).
There was also high variability within a given individual meat product origi-
nating from the 15 different producers. For example, the fat content of salamis 
ranged from 18 to 44 g/100 g (mean ± SD 34 ± 8 g/100g) and the salt con-
tent from 1.4 to 4.7 g/100 g (mean ± SD 3.6 ± 0.9 g/100g). The high variation 
in nutrient content (Fig. 1 and 2) and GE level, particularly in combination 
with the unlabelled/unpacked offer, creates a high degree of uncertainty for 
health-conscious consumers. Thus, the consumption of meat products (Fig. 
3) multiplied with the analyzed fat and salt contents would provide an aver-
age of 19 g fat and 2 g salt per capita and day corresponding to one third of 
the amounts recommended for these dietary compounds. A calculation for 
the best vs. worst case for the fat and salt intake via the meat products with 
lowest and highest fatness as well as saltiness resulted in 13 vs. 26 g fat and 
1.3 vs. 2.5 g salt per day.
Conclusion
In the Thuringian meat products analyzed, the mean fat content was some-
what higher, the salt content lower than in the respective standards of the 
German Food Tables (BLS 2016). As compared with the cited monitoring 
almost two decades ago, present results show a decrease in fat content 
by one tenth and an increase in the salt content by one seventh. The high 
variability within a given product, mainly of fat and salt contents, may help 
the processors to improve the established assortment by careful reduction 
strategy. However, it opens also possibilities for innovative recipes with fat 
and salt alternatives.
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The salt content varies also within a meat product depending on the  
processors

The fat content varies also within a meat product depending on the 
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Consumption of meat products in Germany 2017 -  Positions from a 
total of 29.4 kg per capita and yr. 
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Effects of dry and wet aging on sensory attributes, instrumental tenderness, and lipid peroxidation of 
USDA-Choice and USDA-Prime tenderloins (#386)

Alexandria M. Cavender, Francine M. Giotto, Amilton S. de Mello
University of Nevada, Reno, Department of Agriculture, Veterinary, and Rangeland Sciences, Reno, US 

Introduction
Around 50 years ago, dry aging was a common way for the meat industry to 
tenderize beef. However, due to commercial and logistics needs, the industry 
adopted the boxed beef distribution system after the introduction of vacuum 
packaging in the 70’s. Recently, popular articles devoted to promoting dry-
aged beef led to an increased demand for this type of product. Claims asso-
ciated to a more desirable flavor and enhanced tenderness helped dry-aged 
beef to regain popularity. The goal of this study was to evaluate the effects 
of dry and wet aging on flavor, tenderness and lipid peroxidation of USDA 
Choice and Prime tenderloins (m. psoas major) aged for 21 and 42 days.
Methods
A total of 48 short loins (24 Prime and 24 Choice) were dry and wet aged 
for 21 and 42 days. Dry-aged samples were held at 2°C ±2. Cooler humidity 
was maintained at 80-85% and air speed at 2 m/sec. Wet aged samples 
were stored under same temperature in their original vacuum sealed bag. 
After aged, tenderloins were removed from short loins and 2.54 cm steaks 
were fabricated without the m. psoas minor. Steaks were cooked to an in-
ternal temperature of 70 °C. Cooking loss was calculated in %. For War-
ner-Bratzler Shear Force (WBSF), a minimal of 6 cores were sheared with 
a V blade set at 250 mm/min. For sensory analysis steaks were cut into 
2.54cm×1.27cm×1.27cm cubes. Panelists scored on a scale of 1-8 for ten-
derness, juiciness, connective tissue and off-flavor intensity, (1=extremely 
tough, dry, lots of connective tissue, mild flavor, to 8 = extremely tender, 
juicy, no connective tissue and intense off-flavor). Frequency of off-flavor 
descriptors including bitter, sour, liver, metallic, sweet, bloody, fishy and ox-
idized was also evaluated by panelists. Lipid peroxidation was evaluated by 
TBARS (mg MDA /kg). Tenderloins were randomly assigned to a 2x2x2 fac-
torial whereas fixed effects were aging method (dry and wet), USDA quality 
grade (Choice and Prime), and aging length (21 and 42 days). Data was an-
alyzed using PROC GLIMMIX and PROC FREQ of SAS. Means were sepa-
rated and reported when P ≤ 0.05.
Results
Fixed effects did not alter cooking loss and WBSF. Aging method by it-
self affected lipid peroxidation (P=0.005), whereas an interaction between 
USDA grade and aging length was also observed (P=0.05). Dry-aged ten-
derloins showed higher lipid peroxidation when compared to wet aged (0.61 
vs 0.38, respectively). USDA Prime tenderloins showed higher peroxidation 
when compared to Choice (Table 1). When evaluating sensory attributes, 

an interaction between aging method and aging length affected tender-
ness (P=0.005). When short loins were aged for 21 days, panelists scored 
dry-aged tenderloins more tender than wet-aged, however, no differences 
were observed when tenderloins were aged for 42 days (Table 2). When 
scoring connective tissue amount, a three-way interaction was detected 
(P=0.032). For USDA Choice, panelists scored lower amounts of connec-
tive tissue for wet-aged steaks than dry-aged. Wet-aged Choice steaks had 
lower amounts of connective tissue when compared to Prime. Panelists also 
scored lower amounts of connective tissue for Choice steaks aged for 42 
days when compared to steaks aged for 21 days. Juiciness was affected by 
individual effects of USDA grade and aging length (P=0.003 and P=0.032), 
respectively. Panelists scored Prime steaks juicier than Choice, whereas 
steaks from tenderloins aged for 21 days received higher juiciness scores 
than tenderloins aged for 42 days. Off-flavor intensity was only affected by 
aging length (P=0.003). Steaks from tenderloins aged for 42 days had higher 
off-flavor intensity when compared to steaks from tenderloins aged for 21 
days. For off flavor descriptors, Prime steaks had higher frequency of fishy 
off-flavor than Choice (P=0.02) whereas steaks aged for 21 days showed a 
higher frequency of bloody off-flavor when compared to steaks aged for 42 
days.
Conclusion
Flavor in beef is basically developed by three major reactions, the condensa-
tion of a reducing sugar or polysaccharide with protein or peptide (Maillard 
reaction), fatty acids peroxidation, and thiamine degradation. It is known that 
peroxidation produces important volatile compounds that may positively or 
negatively affect flavor. While the majority of studies previously conducted 
used the m. longissimus dorsi (strip loin) to assess the effects of dry aging on 
flavor and tenderness, our study looked at the effects of dry aging on ten-
derloins. Differently than strip loins, tenderloins have a higher fat content and 
discontinued external fat covering, which may allow increased moisture loss 
and oxidation when dry-aged. Although we did not study oxygen penetration 
rates, it is possible that the absence of fat covering allowed higher lipid per-
oxidation of fatty acids in tenderloins of our study. However, aging method 
(wet vs dry) did not affect flavor perception by panelists. Aging length and 
USDA grade seemed to be the most important factors for flavor develop-
ment and presence of specific off-flavors. Regarding tenderness, although 
fixed effects did not alter WBSF values, dry-aged tenderloins were more 
tender when aged for 21 days but similar to wet-aged when aged for 42 days.
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Meat icing on muffins- healthy snacking for older adults (#389)

Samarakoon Mudiyanselage C. S. Samarakoon1, 2, Bogodage D. Perera1, Mustafa M. Farouk2

1 Waikato Institute of Technology, Centre for Applied Science and Primary Industries, Hamilton, New Zealand; 2 Agresearch Ltd, Food & Bio-based Products, Meat Quality Team, Hamilton, New Zealand 

Introduction
Older adults have a higher requirement for protein compared to younger 
adults. An imbalance between protein supply and protein need can result in 
loss of skeletal muscle mass. Ingestion of 25–30g of protein per meal stim-
ulates muscle protein synthesis in both young and older individuals[1]. The 
quality of protein ingested is also essential to promoting muscle health. Red 
meat contains high quality proteins and is rich in leucine. Decreased chew-
ing efficiency and digestion in the elderly are responsible for lower meat 
protein intake from this group. Minced beef   has been shown to be more 
rapidly-digested than servings of intact beef, resulting in increased amino 
acid availability and greater postprandial protein retention[2]. Muffins are 
common bakery snacks,mosltly prefered by older adults [3]. Designing muf-
fins to suit nutritional needs of older adults could contribute to increased 
dietary protein intake. This study proposed novel easy consumable dietary 
approach to enhance quality protein intake for older adults. Incorporation of 
meat into muffin’s icing provide better snacking option to complement their 
protein needs.
Methods
Three different muffins were formulated: wheat (26% wheat flour), coconut 
(18% wheat and 8% coconut flour) and chestnut (18% wheat and 8% chest-
nut flour). Two different icing formulations were prepared: chocolate (45% 
butter, 45% Icing sugar,7% Cocoa powder and 3% vanilla essence) and meat 
(8% butter, 30% meat, 55% Icing sugar,5% Cocoa powder and 2% vanilla es-
sence).Consumer acceptance and ranking preference tests were conducted 
with 90 adult consumer panellists consisted of 53 individuals aged above 55 
years old (older adults) and 37 panellists aged below 55 years old (younger 
adults). Wheat muffin with chocolate icing was used as the standard con-
trol. Three treatments were designed for the sensory trial by combination of 
muffins and icings; Wheat muffin with meat icing (T1), chestnut muffin with 
meat icing (T2) and coconut muffin with meat icing (T3). Mini muffins with 
frosted icing were prepared so that whole muffin could be served without 
creating sensory fatigue for panellists. Each panellist received one each of 
the four muffins. Panellists were asked to discriminate the treatments (T1, T2 
and T3) against the standard control. Panellist assessed the samples based 
on acceptability for each given sensory attribute and then ranked based for 
preference. The sample presentation was balanced with complete sets, that 
were randomized and monadic, and seven- point hedonic scale was used to 
indicate degree of acceptance for each descriptor.

Results
Addition of meat into the icing reduced its smooth texture and affect the 
mouthfeel properties and appearance. Images of the mini muffin with frosted 
meat icing is presented in Figure 1.B. T2 had similar preference to the control 
sample among older adults. Younger adults had higher overall preference for 
T1 and T2 (Figure 1.i). T3 had lowest preference among all samples in both 
age groups. Muffins are the most popular snack choice among 70% of con-
sumers. 84.4% of the panellists (91.6% of <55 and 79.6% of >55) considered 
muffins as a better snack. Both age groups (Figure 1.ii) preferred muffins as 
a snack during morning (28% of <55 and 30% of >55) and afternoon teas 
(44% of <55 and 42% >55).
The sensory hedonic data generated over the muffin and icing properties; 
texture, flavour and appearance shown in Figure 2. Older adults had more 
acceptance for the meat-based icing compared to younger adults. Overall 
muffins with meat icing had lower acceptability compared to controls re-
gardless of age groups (Figure 2). The panellists were able to identify the 
meat icing due to its coarse texture, meat flavour and unsmooth appearance. 
Although 58.8% of the panellists (56.8% of <55 and 60% of >55) responded 
that they were willing to purchase muffins with meat icing if the product is 
commercially available.
Conclusion
Muffins are popular snack among adult consumers. Muffin frosted with meat 
icing is a healthy snacking option for older adults. Offering fortified icing with 
meat along with muffins could improve meat protein intake in older adults. 
Meat icing muffins were preferred over the control sample by younger adults 
and there was no difference found in the acceptance scores for sensory 
attributes among older adults. Further development needs to be done to 
improve the texture of the meat icing and to lower the amount of sugar used 
in the icing to make it tastier and healthier for older adults.
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Figure 2. Acceptance scores for mean sensory attributes  
Acceptance scores of two age groups (<55 and >55) for mean sensory  
attributes (colour, aroma, taste, level of sweetness, mouth feeling,  
acceptability) of icing and muffins among three treatments.  
Each attribute was compared relative to the sandard control sample.

 
Figure 1. Sensory preference and appearance of meat icing cupcakes 
(A) control muffin with control icing, (B) control muffin with meat ic-
ing, (C) control muffin, (D) coconut muffin and (E) chestnut muffin, (i) 
Comparison between overall ranking of treatments based on overall 
preference, (ii) Comparison between two age groups based on the time 
preference in consuming muffins
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Effect of ageing time on pH, color and consumer acceptability of foal meat (#465)
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Introduction
Foal meat is not very popular but its consumption is slowly increasing in 
several countries due to its recognized nutritional value mainly related to 
grazing systems (Belaunzaran et al., 2015). However, research is still scarce 
and needs to be extended to other factors and parameters related to meat 
quality. Meat ageing, for example, to reach the optimum palatability of meat, 
is a common practice in beef but it is not well documented in horse meat 
although it can simultaneously affect other parameters such as appearance 
and flavor. The objective of this work was to study quality related parameters 
and consumer acceptability of foal meat aged over 0, 7 14 and 21 days (d).
Methods
Extensively reared (suckling and grazing) 10 Hispano-Breton foals (5 
males and 5 females) were concentrate-finished at 11-13 months of age 
for 120d until slaughter (mean carcass weight of 246 ± 14.0kg). Two foals 
were slaughtered per week over 5 consecutive weeks. Forty-eight hours 
post mortem, both loins of each animal were transported to the laborato-
ry where the Longissimus thoraracis et lumborum was excised and cut 
into 1.5cm thick steaks. Each steak was vacuum packaged and assigned 
to one ageing day (0, 7, 14 and 21d). At each time point (after 1h of bloom-
ing) pH (portable HI99163, HANNA Instruments, USA) and color (L*, a*, b*; 
Minolta® CR-200, Konica-Minolta Sensing, Germany) were measured, and 
a photograph of each steak was taken for visual acceptability (VA) eval-
uation. Then, samples were frozen (-80ºC) for the in-mouth acceptability 
(IMA) evaluation. IMA and VA were evaluated by 120 consumers divided in 
10 sessions. Steaks were thawed over 24h (4ºC) and grilled to an internal 
temperature of 70ºC . Meat cuboids (2x1.5x2cm) wrapped in aluminium foil 
were presented to consumers. Each animal was evaluated by 6 consum-
ers answering to “how much do you like this steak?” question in a 10cm 
continuous scale ranging from “extreme dislike” to “like very much” and 
with an extra cm in both ends. For visual acceptability (VA), photo compo-
sitions of 4 representative raw steaks for each ageing time were evaluated  
(Figure 1) using the same scale and question as for IMA. For data anal-
ysis, the General Lineal Model (GLM) of ANOVA and Tukey test for multiple 
comparisons, were performed (α=0.05). The following GLM models were 
used for pH/color, IMA and VA, respectively:
Y= µ+AT+AS+D+CS+CW+ε
Y= µ+AT+AS+AT*AS+C(A(AS))+A(AS)+ε

Y= µ+AT+C(S)+ε
µ=intercept. Fixed factors: AT: ageing time; AS: animal sex; D: slaughter day; 
CS: carcass side; A: animal; S: session. Covariable: CW: carcass weight. 
Random factor: C: consumer.
Results
In terms of pH and color evolution, initial pH was similar to that previous-
ly described for 15 month Galician Moutain foals (Gomez & Lorenzo, 2012). 
Then, it decreased significantly after 7d and maintained stable until the end 
of the experiment (Table 1). The color parameter L* increased during age-
ing as described for vacuum packaged meats (Fernandez-Lopez et al., 2008) 
although no differences were observed between 7 and 14d. The values for a* 
increased over time until 14d and, then, significantly decreased. Also, b* val-
ue increased significantly over time and the highest values were obtained at 
14 and 21d. These changes, plus the significant decrease of C* values at 21d, 
would indicate that meat started to turn brown (Table 1) (Kress-Rogers & 
Brimelow, 2001).
Regarding consumer study, both IMA and VA were significantly affected by 
ageing (Table 1). Meat aged for 7d had a better IMA than unaged meat, 
but showed no statistical difference with meat aged over 14 and 21d. More-
over, meats aged for 7 and 14d obtained the best acceptability scores for VA 
whereas meat aged for 21d the worst ones. This is consistent with the results 
obtained for color parameters, as brownish meat was negatively appreciated 
by consumers.
Conclusion
Ageing time significantly affected all the studied parameters. Foal meat aged 
for 7d obtained the best scores while meat aged for 21d was discouraged by 
consumers. These results reaffirm the importance of the ageing process in 
the final quality of meat.
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Figure 2.4:  
Comparative distribution of MQ4 scores by breed and position of the  
striploin. 



Notes

65th International 
Congress of Meat Science 
and Technology

81

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-01-24 

An investigation into the performance and eating quality of holstein beef (#474)
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Introduction
The aim of this study is to investigate the carcass performance and eating qual-
ity of Holstein steers in comparison to other traditional beef bred Bos Taurus 
steers using  a consumer sensory panel.
Methods
A selection of 12 steers (6 Holsteins and 6 Angus X British Breed) sourced from 
a commercial farm in the Riverina, NSW, were processed at Tey’s Australia, 
Wagga Wagga. Prior to slaughter the cattle were fed a mixed ration of grain, hay 
and supplements and had free access to pasture.  Carcasses were assessed by 
an accredited Meat Standards Australia (MSA) grader.
On day one post-slaughter the striploins (m. longissimus thoracis) from the left 
hand side of all 12 carcasses were collected and aged for two weeks in a chiller 
at 4oC. When the ageing process was complete, each striploin was cut into 
steaks of 25mm thickness. The steaks from the striploin were divided into three 
sections (A1 ( anterior end, position one), A2 (anterior end, position two) and 
P3 (Proximal end, position three)). All the meat was placed in a freezer at -18oC.
The consumer sensory trial was approved by The CSU Faculty of Science Eth-
ics in Human Research Committee (Protocol No. 400/2017/21). The consumer 
sensory panel consisted of 60 random untrained consumers. The steaks were 
cooked using a Silex clam shell grill unit set at 220°C. All steaks were cooked 
for 2 mins 45 secs and reseted for 2 minutes to achieve a constant degree of 
“doneness”.
Each consumer received seven portions of meat. Consumers were asked to 
score samples for tenderness, juiciness, flavour and overall liking.  The values 
of each consumer score for tenderness (tn), juiciness (ju), flavour (fl) and overall 
liking (ov), were used to create a composite meat quality score (MQ4) for each 
piece of steak.
A linear model (using R, Team 2017) was used to analyse the MSA index score 
which included breed as a variable. A Bayesian Network (BN) model, using 
Netica Software, was developed to provide an alternative but mathematically 
coherent framework for the analysis of eating quality. Based on Bayes Rule, this 
BN model linked all variables relating to the eating quality score (breed, carcas-
sID, location, day, order, tenderness, juiciness, flavour, overall liking and MQ4) as 
a network.  In conjunction with the BN model, a mixed effect linear regression 
model was used to analyse the composite MQ4 score.
Results
The Holstein carcasses (55.71 ± 2.13) and the mixed bred carcasses (56.27 ± 

1.94) did not perform significantly (P > 0.05) different to each other or in relation 
to MSA index scores.
The difference between Holstein Friesian steers (67.29 ± 12.96) and mixed bred 
steers (63.20 ± 13.32) was not statistically (P > 0.05) different in relation to eat-
ing quality as assessed by the MQ4 scores.
Using the BN model, the MQ4 scores were assessed by breed and position 
of the striploin. The MQ4 scores for mixed bred steers decreased along the 
striploin (A1 = 64.7 ± 19, A2 = 62.4 ± 30, P3 = 58 ± 21) from the anterior to the 
posterior end. Holstein steers differed from that of the mixed bred steers as the 
MQ4 scores along the striploin stayed relatively consistent (A1 = 68.3 ± 20, 
A2 = 64.3 ± 20, P3 = 65.4 ± 19). Holstein steers outperformed the mixed bred 
steers in all three positions of the striploin in regards to eating quality.
There was a larger distribution of scores for P3 of mixed bred steers in compar-
ison to P3 of Holstein steers (Figure 2.4).
Figure 2.4, Comparative distribution of MQ4 scores by breed and position of 
the striploin.
The four sensory parameters were assessed in relation to breed and position 
of the striploin. For mixed bred cattle, the scores for all four sensory parameters 
decreased along the striploin. However, for Holstein steers the scores for all four 
sensory parameters stayed consistent across the striploin. Holstein steers out-
performed mixed bred steers for each sensory parameter in regards to breed 
and position of the striploin (Figure 2.6).
Figure 2.6, Comparative distribution of consumer scores for each sensory pa-
rameter (Tn, Ju, Fl, Ov) by breed and position.
Conclusion
This study has shown that carcasses derived from Holstein steers can poten-
tially have equal to or better MSA Index scores and eating quality when com-
pared to traditional British bred cattle.
The individual carcass parameters including the MSA Index scores from both 
Holstein and mixed bred steers were not significantly different.
Holstein steers showed consistency in eating quality along the striploin com-
pared with a decrease in eating quality along the striploin for mixed bred steers.
No statistical differences were detected between eating quality of breeds how-
ever, the BN model was able to show that prediction accuracies for Holstein 
steers to perform in higher eating quality categories, was greater than that of 
the mixed bred steers.
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Table 1 Ageing effect on pH, instrumental color, and in-mouth and vi-
sual acceptability of foal meat. Different superscripts in the same 
raw indicate statistically significant differences (p≤0.05).

 
Figure 1 Photo compositions (0, 7, 14 and 21d) for visual acceptabil-
ity.

 

 
Figure 2.6:  
Comparative distribution of consumer scores for each sensory parame-
ter (Tn, Ju, Fl, Ov)  
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Product development of beef patties with varying texture (#481)

Behannis J. Mena Chalas1, Phyllis Shand2, Robyn D. Warner1

1 The University of Melbourne, School of Agriculture and Food, Parkville, Australia; 2 University of Saskatchewan, Department of Food and Bioproduct Sciences, Saskatoon, Canada

Introduction
To develop meat products for older adults, it´s important to consider tex-
ture as one of the main traits for acceptability, pleasant eating experience 
and oral processing capability. From an industry point of view, cooking yield 
is very important. Fillers (non-meat substances high in carbohydrates), 
hydrocolloids, binders and nutritional additives are commonly used in the 
processed meat industry to enhance the production of meat products and 
achieve a desirable range of textures. The aim was to develop beef patties 
with different textures, i.e, soft, medium and hard.
Methods
Patties were manufactured using 57-82% boneless, lean beef topside, 12-
17% pork fat, 0.5% salt (sodium chloride) and 0.2% sodium bicarbonate with 
varying amounts of water (0 to 35%) and food additives (0.005 to 10%; gel-
atin, carrageenan, xanthan, gellan gum, sugarcane flour, potato starch, Da-
vidson´s plum powder, egg) to make up to 100%. For preparation of patties, 
minced beef was mixed with minced fat, sodium bicarbonate, salt, food ad-
ditives as specified above, and water. The batter was then refrigerated at 4°C 
for 30 min, patties were formed (113 ± 2g each) using a patty press mould 
(FED 602201, APEX, NSW, Australia). Some patties were cooked fresh (day 
0) while others were stored cold for 1 or 4 days, and then cooked either using 
a griller or oven, to an internal temperature of 75°C; and then cooled to room 
temperature. At 30 minutes post-cooking, hardness was measured using a 
texture analyser (Lloyd Materials Testing, METEK®, LS5, Largo, FL, USA) fit-
ted with a 20 mm diameter cylindrical probe set to 50% depth. A load cell of 
500 N was used at a speed of 200 mm/min with 0.1 s delay descent. Cooking 
yield was determined by weight difference before and after cooking. Data 
was processed using Microsoft Excel.
Results
Comparison of sugarcane flour and potato starch: Results for treatments con-
taining either sugarcane flour, potato starch or a combination of both ingredi-
ents are shown in Table 1. In batch 1, grilled patties with 28% water and 2.4% 
sugarcane flour, had decreased cooking yield, compared to patties with less 
water content, independent of the duration of storage (1 or 4 days). In batch 
2, all patties were tested on day 0.   In a comparison across formulations, 
it is evident that the highest cooking yield was obtained with grilled pat-
ties containing 2.5% potato starch/25% water and with oven-cooked patties 
containing either sugarcane flour or sugarcane flour combined with potato 
starch and 18.2% water. The softest patties were obtained from the grill and 

oven cooking and formulations containing 2.5% potato starch with 25% wa-
ter and a combination of sugarcane flour and potato starch with 18.2% water. 
In general, hardness was the highest with no water addition. Patties con-
taining potato starch were softer than those with sugarcane flour, however, 
cooking yield remained similar. Oven-cooked patties with 2.5% potato starch 
and 25% water were 2x harder than those grilled, confirming that cooking 
method influences hardness of meat products. Combining sugarcane flour 
and potato starch resulted in higher yield. The softest texture was achieved 
with 1.3% sugarcane flour, 2.7% potato starch and 17.9% water.
Comparison of all other additives: Fig. 1 shows the influence of formulation 
(type of additive and water content) and cooking method (grill vs oven) on 
hardness (N) of beef patties. Grilled patties were softer than oven-cooked in 
all cases. Patties containing Davidson´s plum powder were the softest.
Conclusion
A softer beef patty can be obtained by grilling the product instead of oven 
cooking. A soft patty can also be achieved by using Davidson´s plum pow-
der, High Acyl Gellan Gum, or a combination of sugarcane flour and potato 
starch. In addition, the highest cooking yield was observed with the combi-
nation of sugarcane flour and potato starch.
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Influence of dry versus wet ageing of sheepmeat on eating quality (#483)
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Introduction
Dry ageing has been successfully utilised by the beef industry to produce 
premium beef products that can demand premium prices. Potentially sheep-
meat could also benefit from the application of dry ageing technology there 
is, however, little information available on the eating quality of dry aged 
sheepmeat or optimum ageing period in terms of consumer liking. Therefore, 
an investigation into the influence of ageing method and ageing time on the 
consumer response to dry and wet aged grilled semimembranosus (SM) and 
longissimus thoracis et lumborum (LTL) was conducted.
Methods
96 multipurpose merino cull ewes, with known ASBV (Australian sheep 
breeding values), ranging from 3-8 years of age, were slaughtered. Hot car-
case weight (HCWT) and fat score were recorded the day after slaughter. 
The loins and legs from both sides were subsequently removed and pro-
cessed into primals (loins, HAM number 4840 and legs, HAM number 4810), 
as described by Ausmeat (2005). Legs and loins were assigned either to dry 
or wet (bone-in for both) ageing treatments and to ageing periods of 2, 4, 6 
or 8 weeks. Dry ageing was conducted at 0 -1.0oC, RH of 80-85%, airspeed 
0.12 – 3.0 m/sec. Wet aged primals were vacuum packed into cryovac bags 
and aged in a cold room at 0.5 - 2.0oC. At completion of designated ageing 
periods the SM and LTL were separated from the primals, vacuum packed 
and stored at -20oC until sensory testing. 540 consumers were recruited for 
9 sensory testing sessions. Demographic data was collected from all partici-
pants before commencing tasting using the methods described by Hwang et 
al. (2008). Briefly, samples were thawed, cut into 1.5 cm steaks, and allocated 
to sensory sessions using an incomplete Latin Square. Grilled LTL and SM 
samples were presented to consumers prepared using the cooking and sen-
sory evaluation protocols described by Thompson et al. (2005) and Watson 
et al. (2008) respectively. For each sample, consumers rated eating quality 
on a 1-100 scale for tenderness, juiciness, liking of flavour and overall liking. 
Upon completion of the tasting assessment, consumers were asked to grade 
the quality of the sample as “unsatisfactory”, “good everyday quality”, “better 
than everyday quality” or “premium”, by checking a box. Questions about 
“Willingness to pay” for each of the quality grades were included at the end 
of the tasting sessions as described by [RW1] Bonny et al. (2017), where con-
sumers were asked to mark on a scale the AUD / Kg they would be prepared 
to pay for each of the quality grades. All statistical analyses were performed 

using REML in GENSTAT (16th Edition).
Results
For all consumer eating quality traits (tenderness, juiciness, liking of fla-
vour and overall liking), there was no difference between dry and wet 
ageing treatments (P>0.05; results not presented). However, muscle (LTL 
or SM) influenced all sensory attributes significantly (P <0.001) with LTL 
consistently scoring higher than SM. Ageing period influenced tender-
ness (P = 0.040), and there was a trend for ageing period and muscle to 
interact (P = 0.091). Extending the ageing period from 2 to 8 weeks pro-
duced higher scores for tenderness of LTL but not SM. There was also 
a tendency for flavour liking to increase with ageing period (P =0.057). 
For the quality grading questions, on average, consumers rated LTL “better 
than good everyday quality “and SM as “good everyday quality”. For the will-
ingness to pay questions, consumers indicated (on average), they were will-
ing to pay 1.4 times more for “better than everyday” meat when compared to 
“good everyday” quality meat. This indicates there may be a potential price 
uplift for “premium” mutton cuts such as loin.
Conclusion
Whilst the untrained consumer panel was not able to differentiate dry from 
wet aged sheepmeat using the eating quality assessment methods de-
scribed, there were a number of consumers within the panel who demon-
strated a clear preference for dry aged mutton. Further investigation of the 
consumer flavour descriptors for dry vs wet aged mutton is warranted.
REFERENCES
Ausmeat. (2005). Handbook of Australian meat: AUS-MEAT, 7th ed.
Bonny, S. P. F., Gardner, G. E., Pethick, D. W., Allen, P., Legrand, I., Wiezbicki, 
J., Farmer, L. J., Polkinghorne, R. J., and Hocquette, J.-F. (2017). Animal 11(8), 
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lian Journal of experimental agriculture, 48(11), 1387-1395.
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476.
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Journal of experimental agriculture,48(11), 1387-1395.
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Table 1.  
Hardness and cooking yield of beef patties formulated with sugarcane 
f 
lour, potato starch or combination of both.

 
Figure 1. 
Hardness of beef patties influenced by various formulations and  
cooking methods (grilled, G vs oven-cooked, O). C1=10% water-G;  
C2=10% water-O; C3=0% water-O; E=10% egg- 0% water-O; XG1=0.005%  
xanthan gum, 15% water-G; XG2=0.005% xanthan gum,15% water-O; 

G1=0.05% gelatine,15% water-G; G2=0.05% gelatine,15% water-O; 
HG1=0.10% High Acyl gellan gum, 19% water-G; HG2=0.10% High 
Acyl gellan gum, 19% water-O;  LG1=0.10% Low Acyl gellan gum, 
19% water-G; LG2=0.10% Low Acyl gellan gum, 19% water-O; CA=0.10% 
carrageenan, 19% water-G; FP=Functional Patty,4% Davidson´s plum 
powder, 1.3% SF, 18% water-O.
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Table 1 
Table 1: Effect of ageing period (AP; 2, 4, 6, 8, weeks) and muscle 

(LTL, longissimus thoracis et lumborum; SM, semimembranosus) and 
their interactions on predicted means for consumer sensory scores. 
The SED given is for the interaction.
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Introduction
For the pork industry to be successful, pork products must meet consumer 
demands for quality. It is important to remember the consumer makes the 
final estimation of quality for all meat products. Therefore, consumer per-
ception of meat quality is important and helps to guide the type of research 
that meat scientist need to focus on. Making pork tender, juicy, and flavorful 
is influenced by several quality factors that can occur before, during, and 
after the harvest process. Previous data indicated that visual color, marbling, 
and ultimate pH may affect meat quality traits, but do not appear to have an 
effect on consumer acceptability of boneless pork chops. However, lowering 
the final internal cooking temperature from 71°C, the previous recommended 
temperature, to 63°C increased the percentage of consumers rating of ten-
derness (81.25%), juiciness (70.61%), flavor (39.83%), and overall acceptabili-
ty (61.82%). However, it is unclear whether, when able to visualize differences 
in cooked color, consumers will continue to prefer pork chops cooked to 
63°C. Additionally, the current study used an increasingly popular method of 
cooking, sous-vide. One limitation with sous-vide cooking is the appearance 
of less done pork, potentially causing consumers to be more resistant to 
cooking pork to the recommended degree of doneness. Sous-vide cooking 
does not provide the same appearance and may not have the same flavor 
profile as grilled pork due to the lack of browning. Therefore, the objective 
was to determine the effect of cooking method and degree of doneness on 
consumer eating experience of pork chops when consumers were allowed 
to observe differences in cooked color under white lighting. The hypothesis 
was that when consumers were able to visualize cooked color, they would 
rate pork cooked to 63°C less acceptable than chops cooked to 71°C due to 
historical perceptions of pork degree of doneness. Additionally, consumers 
would find sous-vide chops less acceptable due to the lack of browning 
compared to grilled chops.
Methods
Sensory procedures for all consumer evaluations were reviewed and ap-
proved by the University of Illinois Office for the Protection of Research Sub-
jects. Loins were purchased from a commercial abattoir at 1 d postmortem, 
vacuum packaged, aged until 10 d postmortem, and then frozen. Frozen pork 
loins were cut into 3.2 cm thick chops. Loin origin was maintained for each 
chop such that consumers were served 4 chops originating from the same 
loin. Frozen chops were vacuum packaged and allowed to thaw at approx-
imately 4°C. Pork chops were cooked to either 63°C or 71°C using either an 

open-hearth grill or an immersion cooker sous-vide device.  After cooking, 
chops were removed from the heating source and cut to expose the internal 
cooked surface. Cooked color was measured with a Minolta chroma meter 
to determine instrumental color (lightness, L*; redness, a*; yellowness, b*). 
Chops were cut into 1 cm × 1 cm × 3.2 cm sections and served to 132 con-
sumers. Consumers were seated in a breadbox style sensory booth room 
under white light to allow for cooked color appraisal. Each consumer was 
provided 4 samples (grill/63, grill/71, sous-vide/63, sous-vide/71). Consum-
ers used a 9-point Likert-type score system to determine tenderness, juici-
ness, flavor, and overall acceptability. Cooked color data were analyzed us-
ing the MIXED procedure of SAS using the model including cooking method, 
degree of doneness, and their interaction. Sensory data were organized as 
a percentage of responses and analyzed using the GLIMMIX procedure of 
SAS to determine the effects of cooking method, degree of doneness, and 
their interaction.
Results
Chops cooked to 63°C (4.10, 9.08) were more red and less yellow (P = 0.01) 
than chops cooked to 71°C (3.82, 9.39). Consumers rated a greater percent-
age (P < 0.001) of chops cooked sous-vide to 63°C as tender (82.82%) and 
acceptable (60.34%) compared with all other cooking method and degree of 
doneness combinations. There were no differences (P = 0.06) in the percent-
age of chops rated tender of when cooked to 71°C between those sous-vide 
(33.07%) and grilled (22.42%). Additionally, there were no differences (P = 
0.06) in the percentage of chops rated acceptable when cooked to 71°C be-
tween those sous-vide (26.35%) and grilled (28.63%). For juiciness, consum-
ers rated a greater (P < 0.01) percentage of chops cooked to 63°C as juicy 
(44.37%) compared with those cooked to 71°C (14.78%) but ratings as juicy 
did not differ between cooking methods. For flavor, consumers rated a great-
er (P < 0.01) percentage of chops cooked to 63°C flavorful juicy (34.61%) 
than those cooked to 71°C (24.31%). Contrary to the expectation, ratings as 
flavorful did not differ between cooking methods (P = 0.88).
Conclusion
A greater percentage of consumers rated chops cooked to 63°C as tender 
juicy, flavorful, and overall more acceptable compared with chops cooked to 
71°C. Even when consumers were able to assess cooked color, they preferred 
chops cooked to 63°C. Chops cooked sous-vide had a greater percentage of 
consumers rating chops as tender and overall acceptable. The lack of brown-
ing on chops cooked sous-vide did not compromise eating quality of chops.
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Table 2: 
Effects of degree of doneness (DOD) and cooking method on instrumen-
tal
color of cooked pork chops 

 
Table 1: 
Effect of degree of doneness (DOD) and cooking method on consumer 
sensory traits of pork chop 
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Oxygen concentration can be halved in modified atmosphere packaging to improve eating quality (#516)
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Introduction
Colour is crucial to consumer acceptability of fresh red meat [1]. Modified 
atmosphere packaging, typically containing 80% oxygen and 20% carbon 
dioxide, is currently used in Australian supermarkets to extend shelf life. This 
high oxygen concentration promotes a cherry red meat colour that lasts lon-
ger than overwrap packaging [2]. However, a reduction in the eating quality 
of lamb and beef has been reported for high oxygen MAP [3, 4]. An alterna-
tive is vacuum skin packaging (VSP), however, this method has no oxygen in 
the packaging causing the meat to appear dark purple and is considered less 
attractive to consumers. Corlett et al. (2018) found that MAP packaging con-
taining a lower oxygen concentration with 40% oxygen, 20% carbon dioxide 
and 40% nitrogen caused the meat to have a similar redness to high oxygen 
(80%) MAP meat [5]. However, it is unknown whether a lower oxygen con-
centration will improve the eating quality of lamb in MAP. We hypothesised 
that consumer overall liking scores for lamb meat will be highest for VSP as 
it contains no oxygen (0%), lower for 40% oxygen MAP, and lowest for 80% 
oxygen MAP as it contains the most oxygen of all three packages.
Methods
Lambs (n = 72) were selected from the Meat and Livestock Australia Ge-
netic Resource Flock from Kirby, New South Wales. The male castrate and 
female lambs were the progeny of Merino dams crossed with Maternal and 
Merino sires. Lambs were slaughtered at a commercial abattoir and car-
casses were subjected to medium voltage electrical stimulation post dress-
ing. Two longissimus lumborum (loin) and two semimembranosus (topside) 
samples were collected from each carcase 24 hours post-slaughter, vacuum 
packaged, and stored at 2°C for 10 days. Afterwards, each muscle was sliced 
into five 15mm thick samples, and placed into one of six treatment groups. 
Treatments consisted of three oxygen concentrations (0%, 40% and 80%) 
and two simulated retail display periods (3 or 8 days) at 2°C. Afterwards, 
samples were frozen at -20°C for subsequent sensory testing. Untrained 
consumers (n=480)   assessed overall liking, using a 100 score scale (100 
being most preferred), of six samples following the protocol previously pub-
lished by Thompson et al. [6], each muscle eaten by 10 consumers. Overall 
liking scores were analysed using a linear mixed effect models (SAS Version 
9.1) with fixed effects for muscle (loin, topside), oxygen concentration (0%, 
40%, 80%), display time (3, 8 days), sire type (Merino, Maternal), and sex 
(female, male). Animal identification within sire identification, and consumer 

within eating quality session were included as random terms.
Results
Overall liking scores varied between different muscles, oxygen concentra-
tions and display time (Figure 1).
Consumers generally scored samples under 40% oxygen lower than 0% 
oxygen samples but higher than 80% oxygen samples. The exception to 
this was for the topside samples which showed no difference between 40% 
and 80% oxygen after 8 days retail display. Likewise, during the short retail 
display period of 3 days, scores from 40% and 80% oxygen loin samples 
were not different to 0% oxygen samples (P>0.05). The lower eating quality 
of 80% oxygen samples may be linked to the high oxygen content promot-
ing oxidation, and inhibiting calpain, and/or promoting protein cross-linking 
which increases meat toughness [7]. The 40% oxygen may have reduced 
the negative impact on tenderness, and increased overall liking scores com-
pared to 80% oxygen samples. These findings align well with our hypothesis 
that overall liking scores will be highest for VSP as it contains no oxygen 
(0%), lower for 40% oxygen MAP, and lowest for 80% oxygen MAP as it 
contains the most oxygen of all three packages.
Conclusion
The 40% oxygen samples could not provide the industry with a packag-
ing format that provides the eating quality experience of 0% oxygen (VSP). 
However, 40% oxygen has been shown previously to provide an appealing 
bright red colour compared to VSP samples. The 40% oxygen samples also 
tended to have better consumer overall liking scores than 80% oxygen with 
the latter currently being used by retail supermarkets in Australia. These 
results provide the sheepmeat industry with evidence that reducing the ox-
ygen concentration in MAP mixtures to 40% reduces the detrimental impact 
on eating quality and still maintains the red meat colour.
References
1. 
Mancini, RA., Hunt, MC. (2005). Current research in meat color. Meat Sci-
ence, 71(1), 100-121.
2. 
Kim, Y., Stuart, A., Black, C., Rosenvold K. (2012). Effect of lamb age and retail 
packaging types on the quality of long-term chilled lamb loins. Meat Science, 
90(4), 962-966.
Frank, DC., Geesink, G., Alvarenga, T., Polkinghorne, R., Stark, J., Lee, M., 



Notes

65th International 
Congress of Meat Science 
and Technology

90

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

Warner, R. (2017). Impact of high oxygen and vacuum retail ready packaging 
formats on lamb loin and topside eating quality. Meat Science, 123, 126–133.
3. 
Lagerstedt, A., Lundström, K., Lindahl, G. (2011). Influence of vacuum or 
high-oxygen modified atmosphere packaging on quality of beef M. longis-
simus dorsi steaks after different ageing times. Meat Science, 87(2), 101-106.
4. 
Corlett, MC., Gardner, GE., Pannier, L., Kelman, KR., Jacob, RH., Pethick, DW. 
(2018). Reducing the oxygen content in modified atmosphere packages to 
meet consumer demands. In: Proceedings of the 69th Annual Meeting of the 
European Federation of Animal Science, Croatia, 512. 
Thompson, JM., Gee, A., Hopkins, DL., Pethick, DW., Baud, SR., O’Halloran, 
WJ. (2005). Development of a sensory protocol for testing palatability of 
sheep meats. Australian Journal of Experimental Agriculture, 45(5), 469-476.
5. 
Geesink, G., Robertson, J., Ball, A. (2015). The ef-
fect of retail packaging method on objective and consum-
er assessment of beef quality traits. Meat Science, 104, 85-89.

 
Figure 1. The effect of muscle, display time and oxygen concentration on 
overall liking scores. Within a cut, the different letter annotations demon-  
strate significant differences (P<0.05) across display times and the  

packaging types.
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Introduction
Different production systems (grain-fed vs forage/pastures) lead to different 
fatty acid profiles (FA) in the meat of ruminants. Diets containing low lev-
els of saturated fatty acids (SFA), high levels of polyunsaturated fatty acids 
(PUFA) and a low omega 6:omega 3 PUFA ratio are considered favorable for 
human health [2]. Omega-3 PUFAs have anti-inflammatory and cardiovas-
cular benefits, in particular the three long chain omega 3 PUFAs, eicosapen-
taenoic acid (EPA), docosahexanoic acid (DHA) and docosapentaenoic acid 
(DPA). Despite being a SFA, stearic acid’s positive contribution to lowering 
low-density lipoprotein (LDL) cholesterol levels as well as lowering the ratio 
of the total and high-density lipoprotein (HDL) cholesterol has been report-
ed. Conjugated linoleic acid is considered as the most important n-6 FA as 
it has demonstrated positive anti-diabetic, anti-cancer and anti-adipogenic 
effects. Variation in FA composition may also contribute to flavor differenc-
es. Globally, sheep production is dominated by low quality pastoral feeding 
systems. These diets produce meat with a characteristic “pastoral” flavour 
[2] as opposed to grain-based diets. The Karoo biome covers about 30% of 
South African land, and is semi-arid region consisting of grass, dwarf dry 
or succulent shrubs. Meat from this region is branded as “Karoo lamb” and 
has very distinct flavour profiles. This study investigates the effect of three 
production system, including the unique Karoo lamb system, used in lamb 
production in South Africa on fatty acid (FA) composition of the loin muscle 
in relation to possible health claims.
Methods
Twenty three products (lamb loin chops) were identified and collected from 
the shelves of five major retail outlets and twelve smaller butcheries on 14 
different dates over 3 months (n=306). The products were grouped accord-
ing to product claims/labels into Karoo lamb (Kar), Free range (Grass-fed; 
FR) and Grain-fed (GF). The m.longissimus was analysed for total chemical 

fat and fatty acid composition. Data were subjected to a one way analyses of 
variance to compare the effect of production system on fatty acid composi-
tion. The Tukey-Kramer multiple comparison test (∝ = 0.05) was carried out 
to identify significant differences between the treatment means.
 
Results
Total muscle fat was higher in GD (P<0.001) loins than in FR or Kar loins, 
although the difference was small. Kar and FR recorded higher SFA lev-
els than GF, mainly due to higher stearic acid. Palmitic acid did not differ 
among the three groups. MUFA was lower and PUFA higher in Kar and FR 
(P<0.001). Lower MUFA was mainly due to lower oleic acid (C18:1c9) in Kar 
and FR loins. Arachidonic acid (n-6) content (P < 0.001) was higher in Kar 
and FR products. Interestingly linoleic acid (n-6)(LA) was lower and CLA (n-
6) and alpha-linolenic acid (n-3) (ALA) higher (P<0.001) only in Kar samples 
compared to GF samples but FR samples did not differ from GF for CLA or 
LA. As expected, total omega 3 (n-3) FAs were higher (P<0.001) in Kar and 
FR loins but omega 6 (n-6) FAs were not different among the three treat-
ments, mainly due to higher arachidonic acid in Kar and FR samples. EPA, 
DHA and DPA were higher (P<0.001) in Kar and FR samples. PUFA:SFA 
did not differ across the three systems, because higher SFA in Kar and FR 
samples were countered by higher omega 3 PUFAs.
Conclusion
The FA composition of lamb produced from FR and Kar production systems 
are similar while the typical contrast in FA profile is evident between these 
two systems and the GF system. Small advantages with regards to health 
benefits, e.g. for CLA and ALA, may be claimed for Kar samples relative to 
FR samples. The unique flavor profile of Kar lamb can probably be contrib-
uted to other flavor components contained in the unique plant composition 
of this biome.
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P-01-30 

Consumer views towards meat and plant-based protein alternatives – A qualitative investigation in Germany and 
Belgium (#580)

Sophie Hieke
Deutsches Institut für Lebensmitteltechnik e.V., Netzwerke, Quakenbrück, Germany

Introduction
In Western countries, the consumption of meat is deeply rooted in con-
sumers’ culture, self-understanding and tradition. Meat is seen as part of 
a healthy diet (Verbeke et al. 2010). At the same time, few consumers are 
aware of its large environmental impact (Hartmann & Siegrist, 2017). Mor-
al disengagement (Graca, Calheiros & Oliveira 2016), cognitive dissonance 
(Onwezen & van der Weele 2016) and rationalisation (Piazza et al. 2015) drive 
continuous meat consumption despite growing recommendations to reduce 
meat intake for health, animal welfare and environmental reasons.
Because meat eating is connected to sensory-based associations, health 
and sustainability do not suffice as arguments for dietary changes. Rather, 
the consumption of plant-based proteins needs to be encouraged by build-
ing familiar culinary principles and enabling consumers to make positive 
sensory associations with such protein dishes (de Boer & Aiking 2017).
Low levels of acceptance for meat alternatives or substitutes are linked to 
food neophobia, lower perceived product quality,  lower perceived  health-
iness, and higher prices in comparison with regular meat (Apostolidis & 
McLeay 2016). But positive experience through repeat exposure can impact 
product liking and willingness to eat such meat alternatives (Hoek 2013).
These and more insights from literature have built the foundation for the 
CORNET project MEATHYBRID (AiF 196 EN) which has set out to develop 
meat hybrid products that contain added plant-based protein. An explorato-
ry study among consumers was undertaken to investigate views towards 
meat consumption, attitudes regarding various plant-based protein sources 
and willingness to try meat hybrid products.
Methods
A series of focus groups were carried out in Germany and Belgium. Two 
focus groups per country (n=8) allowed for a differentiated sampling ap-
proach: one group consisted of regular meat eaters and one group of flexi-
tarians. Additionally, socio-economic status (SES) was taken into account. 
For Germany, focus group 1 consisted of regular meat eaters with lower SES 
and focus group 2 comprised flexitarians with higher SES. For Belgium, focus 
group 1 consisted of regular meat eaters with higher SES and focus group 2 
comprised flexitarians with lower SES. The focus groups were organised by 
market research agency VIGA and moderated by experienced and skilled 
experts in the local language. They were recorded and transcribed into En-
glish. Comments were provided by the moderator in each country, the mar-

ket research agency and the researchers within the project.
Results
Regular meat eaters considered meat a staple component of their diets and 
identified health benefits, variety, indulgence, tradition and protein intake as 
important roles of meat consumption. Flexitarians, on the other hand, saw 
meat as only one component of their diet, saying that health, animal wel-
fare and environmental concerns reduced their consumption. For this group, 
protein intake, indulgence on special occasions, tradition, but also energy 
and health benefits were considered important roles of their deliberate meat 
consumption.  
Regular meat eaters were, to a certain extent, aware of the effects of meat 
consumption on health and environment. Strategies to reduce meat con-
sumption consisted of eating poultry, fish, having more veggie days and 
choosing meat alternatives. Flexitarians, on the other hand, showed con-
siderable awareness of the effects of meat consumption. Their strategies to 
reduce meat consumption included conscious (i.e., reduced but higher qual-
ity meat consumption), varied diets, buying local and high quality, buying 
organic, reducing portions and opting for plant-based alternatives.
Regular meat eaters showed little awareness of plant-based alternatives and 
those that were discussed were seen as lacking taste. Plant-based alterna-
tives were reported to be confusing and the benefits were unclear to partic-
ipants, including scepticism over production processes. Flexitarians, on the 
other hand, discussed consuming a wide range of plant-based alternatives 
but did not consider them a replacement, rather a separate part of their var-
ied diet. There was a shared sentiment that products pretending to be meat 
would be rejected. Benefits of plant-based meat alternatives were unclear 
to this group.
Conclusion
Flexitarians across both countries were less open to plant-based meat al-
ternatives due to their already reduced and conscious consumption of meat. 
They did not see value in such alternatives given that they considered plant-
based products a separate part of their diet. Regular meat eaters became 
more open to the idea of plant-based meat alternatives throughout the dis-
cussions.
Overall, there was much confusion over what a plant-enriched meat product 
was and what its benefits for consumers would be. There is a strong need 
to communicate benefits clearly, in combination with information on the pro
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duction process. Participants were interested in knowing the exact plant-
based and meat ingredients, the origin of the meat and the ‘naturalness’ of 
the final product. Price was also mentioned as an important decision factor, 
comparing it to the price of regular meat products which were seen as the 

competing alternative for such products. 
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Flavour attributes and fatty acid profile that differentiate beef based on country of origin (#619)

Olugbenga P. Soladoye1, Zeb Pietrasik1, Payam Vahmani2, Mike E. Dugan2, Nicole J. Gaudette1

1 Food Processing Development Centre, Ministry of Agriculture and Forestry, Leduc, Canada; 2 Lacombe Research and Development Centre, Agriculture and Agri-Food Canada, Lacombe, Canada

Introduction
Beef flavour is a complex attribute that results from the interaction of 
taste, aroma and tactile senses from the tongue, nasal, sinus and oral cav-
ities (Kerth & Miller, 2015). Its complexity arises from the influence of both 
pre-mortem (e.g. production system/feeding regime) and post-mortem (e.g. 
cooking/storage conditions) (Adhikari et al., 2011) factors on the production 
of different beef flavour precursors and compounds. While tenderness and 
juiciness have received much attention over the years, recent research, 
however, shows that beef flavour could in fact be more influential in driving 
consumer liking and differentiating beef with substantial economic implica-
tions (Kerth & Miller, 2015).
The purpose of the present study was to explore flavour lexicons that can be 
used to differentiate beef from different countries and to observe how fatty 
acid profiles may contribute to this variation in beef flavour.
Methods
Twelve ribeye (Longissimus thoracis) primals from 3 different regions (Can-
ada; AAA, United States; CHOICE and Australia; MSA4, n = 12) were aged 
for 45 days and collected frozen. Two steaks (1 inch) from each loin were cut, 
thawed overnight under refrigeration and grilled to internal temperature of 
71ºC. Steaks were presented to a 9-person trained panel to rate the intensity 
of aroma and flavour attributes using a 15-cm line scale. 
Intramuscular lipids were extracted using a mixture of chloroform–methanol 
(2:1, v/v) according to Folch et al. (1957). Fatty acid methyl esters (FAME), 
branched-chain FAME, conjugated linoleic acid isomers and other biohydro-
genation intermediates were analyzed using gas liquid chromatography as 
described in previous literature (Kramer et al. 2008; Turner et al. 2011).
Analysis was done using XLSTAT (version 2019.1) with country of origin as 
main effect, and animal as random effects. Significant level was defined as 
p<0.05. Means were separated using Tukey’s mean separation technique. 
Results
Among the aroma attributes evaluated, beefy, bloody/metallic, buttery, co-
coa, livery and off-sour were significantly different among the beef steaks 
from the three regions (Table 1). While all these attributes except cocoa were 
also found significantly different for flavour among the beef, the basic gus-
tatory taste that was found to differentiate beef samples were “sour” and 
“umami” attributes (Table 2). Generally, beef from Australia (AUS) was rated 
as the highest in bloody/metallic, off-sour and livery aroma as well as lowest 
in buttery aroma intensity. In addition, beef from Canada (CAN) and United 

States (USA) were similar with higher intensity rating for beefy and buttery 
flavour while AUS was rated with the highest intensity for bloody/metallic, 
livery, off-sour, off-flavour, and sour flavour (Table 2).
While Maughan et al. (2012) associated some flavour attributes with consum-
er liking, it is important to note that consumer preferences are largely based 
on past experiences (Sañudo et al., 2000). In this case, consumer flavour 
preferences in various regions will vary and could be considered in product 
differentiation strategies for beef export markets. The present results corre-
spond with consumer data previously reported where Canadian consumers 
least preferred AUS beef compared to USA and CAN (Gaudette et al., 2018).
In the current study, AUS had the highest percentage of saturated (SFA), 
omega 3 (n-3) and t11-18:1 (a known substrate for CLA synthesis) fatty acids 
compared to CAN and USA (Table 3). This is perhaps indicative of a high-
er proportion of grass/hay diet for the Australian cattle used in this study. 
Grass-fed animals typically have higher muscle concentrations of n-3 poly-
unsaturated fatty acids (PUFA) (Sañudo et al., 2000). The high SFA in AUS 
could also be due to the susceptibility of long chain dietary PUFA (e.g. n-3) 
to rumen biohydrogenation (Scollan et al., 2001), converting the PUFA to 
SFA. A trend was also observed for higher C18:2n-6 and total n-6 FA in USA 
and CAN, a possible indication of the grain feeding system in these regions.
A PUFA/SFA and n-6/n-3 ratio of >0.4 and <4 respectively, are recom-
mended in human diets for health reasons (Wood et al., 2004). While the 
PUFA/SFA ratios for beef used in this study were not significantly different, 
AUS and CAD beef had n-6/n-3 ratios closer to recommended values while 
USA ratios were further from the recommended (Table 3).
Overall, the fatty acid profile explained up to 39% of the variation in flavour 
and aroma intensities perceived by trained panelists. The beef samples were 
well separated by country of origin based on principal component (PC) 1 
(22%), with AUS closely associated with off-sour, livery, bloody/metallic, 
earthy/cooked vegetable, and off-flavour (Fig. 1). On the other hand, both 
USA and CAN were widely described as beefy, buttery and umami. Further-
more, while n-3, t11-18:1 and saturated FA were mostly associated with AUS 
beef, USA and CAN were mostly associated with MUFA and n-6 fatty acids.
Conclusion
Different feeding regimens as well as animal breed could impact the varia-
tion in beef flavour/aroma intensities. The attributes appreciated by consum-
ers may vary across regions and these could be identified and targeted for 
successful differentiated beef export trade.
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Table 3 
The effect of country of origin on beef fatty acid profile

 
Table 1 & 2 
Table 1: Variation of beef aroma attributes with country of origin

Table 2: Variation of beef flavour attributes with country of origin

 
Figure 1 
Principal component analysis of beef from three different countries 
of origin and their fatty acid profile
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How to prevent the worst case: Scalding of sensible pigs; automated procedure for detection of onset of death of 
slaughter pigs in industrial plants (Check Signs of Life) (#365)

Karen von Holleben1, Andreas Briese2, Winfried Dyrba1, Martin von Wenzlawowicz1

1 bsi Schwarzenbek, Training and Consultancy Institute for animal welfare at transport and slaughter, Schwarzenbek, Germany; 2 eduToolbox@Bri-C GmbH, Sarstedt, Germany

Introduction
For legal and ethical reasons it has to be prevented that potentially sensi-
ble pigs could undergo painful further processing after bleeding. European 
abattoir operators are obliged to verify the absence of signs of life (SOL) 
prior to further dressing and scalding. German legislation moreover requires 
absence of any movements at this step of the process. With higher slaugh-
ter speeds and level of industry automation there is an increasing risk that 
failures at stunning and bleeding will lead to the worst-case scenario de-
scribed. An automatic detection method could be the solution considering 
the rarity of cases. In a preceding project (2012-2015), funded by the Federal 
Ministry of Food and Agriculture, we used hot-water spraying (65°C, 4s) to 
head and front legs as a diagnostic test several minutes after bleeding. Sub-
sequently short video sequences were recorded for each pig and analyzed 
in real time by custom software based on Optical Flow, an image processing 
tool (OF-system). Checking this system on 20.589 pigs as well after electric 
as after CO2-stunning we were able to detect 68% of those showing ac-
tive movements. Based on a side result of this project, i.e. that 100% of the 
pigs with remaining brain function at time of scalding had shown repeated 
mouth-opening already before reaching the water spray, in the actually de-
scribed project (2016-2018), supported by funds of German Governments‘ 
Special Purpose Fund held at Landwirtschaftliche Rentenbank, we aimed 
to refine the system. To reach a higher sensitivity we now used visual and 
3D-data of the animal bodies moving toward scalding to non-invasively as-
sess SOL by software analysis in realtime (3D-system).
Methods
The developed 3D-device, now called SOL-3D, registers movements of the 
pigs being processed towards scalding by one or  two 3D-sensors in se-
ries, monitoring the pigs over a processing distance of 3 m and approxi-
mately for 30 seconds in total. An Artificial Intelligence (AI) in the central 
unit analyses the position data of the suspended pigs in real time (figure 
1). The AI was first trained by previously collected reference data to de-
tect - while pigs pass the sensors - opening of the mouth or movements 
of the head, body or forelegs, which could  be identified as active move-
ments, not caused by e.g. processing on the rail (n=3.600 pigs, CO2-stun-
ning). Further reference data collected by simultaneously performed 
veterinary assessment at site were  subsequently used to refine the al-
gorithm (supervised learning) and continuously improve the sensitivity. 
The investigations were performed during routine slaughter proce-
dures (line speed: 300 and 400/h). Between August and December 2016 

15.390 pigs after CO2-stunning were included in the investigation us-
ing as well 3D- as OF-system at the same time and comparing to direct 
observation (study a). In the subsequent tests in a plant using elec-
tric stunning, between May and September 2017 we analysed 12.730 pigs 
by OF-system and 12.813 by 3D-system against direct observation, in 
most cases simultanously. To prevent negative interaction between the 
systems, the 3D-system in this plant was investigated 70 s later than the 
OF-system (study b). From March 2018 on we checked the 3D-system 
in a third plant on  another 15.274 pigs after CO2- stunning (study c). 
Additionally we developed graphic surfaces for real time display, retrospec-
tive daily analysis and connection to the plants controlling system.
Results
Table 1 shows the results of study a, both detection-systems 
compared after CO2 stunning. The 3D-system (here with 2  sen-
sors) reached a higher average sensitivity (89% and 86% respec-
tively) than the OF-system (68%), although the water spray of the 
nearby OF-system sometimes lead to pollution of the 3D-sensor. 
In study b after electric  stunning the sensitivity of the OF-sys-
tem was 79%, the positive predictive value 72.4%. Average sensi-
tivity (80%) and positive predictive value (75.3%) of the 3D-sys-
tem (here with one sensor) were slightly higher (see table 2). 
In study c (CO2-stunning) the one sensor 3D-system reached a sensitivity 
of 92%.
Conclusion
To perform further dressing or scalding of pigs “only once the absence of 
signs of life of the animal has been verified” (Council Regulation (EC) No 
1099/2009, Annex III, 3.2) presents a challenge to the business operator with 
regard to high slaughter speed and low presence of staff at this point of the 
slaughter process. So far automatic tools exist only to check bleeding, but 
we are the first, having brought into practice an automatic system to monitor 
the onset of death by cessation of any active movement in realtime on the 
slaughter line. Using AI on 3D sensor data we achieved a high precision, 
althought improvements are still possible. Limiting factors may also be plant 
specific (e.g. short recording time possible, rapid body rotation). The system 
requires some input at the beginning, because the AI has to be trained to the 
specific situation at site, but afterwards there will be a robust tool, as the first 
three systems created within the project are used for over a year now in daily 
operation at slaughter.
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Table 1
Table 1: Sensitivity with regard to detection of signs of life in 
pigs before further processing (4 study days, CO2-stunning)– System 
using optical flow software compared to non invasive 3D-system with 
two sensors, sensitivity by sensor
 

 
Figure 1 
Schematics of the steps to classify the pigs data in realtime



Notes

65th International 
Congress of Meat Science 
and Technology

98

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

 
Table 2 Table 2: Sensitivity with regard to detection of signs of 
life in pigs before further processing (9 study days, electric stun-
ning)– non invasive 3D-system with one sensor 
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Horse meat in the Mexican marketplace (#390)

Maria S. Rubio Lozano1, Juan Francisco Hernández Chávez2, Francisco A. Ruíz López1, Rosaurora Medina Medina1, Pavel Espinoza2, Enrique Delgado 
Suarez1, R. Danilo Mendez Medina1, Tania M. Ngapo3

1 Universidad Nacional Autónoma de México, Facultad de Medicina Veterinaria y Zootecnia, Mexico City, Mexico; 2 Instituto Tecnológico de Sonora, Departamento de Ciencias Agronómicas y Veterinar-
ias, Ciudad Obregón, Mexico; 3 Agriculture and Agri-Food Canada, Saint Hyacinthe, Canada

Introduction
Mexico does not have a reported tradition of horse meat consumption. It is 
therefore surprising that significant numbers of horses, sourced both na-
tionally and from abroad, are slaughtered in Mexico. Indeed, in 2016 Mexico 
produced 78,864 tonnes of horse meat placing it the third largest producer 
in the world (FAO, 2017). Production is not regulated and it is likely that some 
of these slaughter animals are from working or sporting activities where in-
juries are often treated with drugs that render the meat unsuitable for human 
consumption (European Commission, 2014). In fact, the volume destined for 
human consumption is unknown, but the horse meat remaining in the local 
market is significant at 76,227 tonnes. Little attention was accorded Mexican 
media reports in 2015 of horse meat fraudulently sold in the domestic market 
following the EU suspension of imports. And mislabelling of horse meat in 
Mexico is not new as almost 20 years earlier, Flores-Minguia et al (2000) 
found 11 of 40 sausage and hamburger samples contained undeclared horse 
meat. Given reports of fraudulent labelling practices and ensuing scandals, 
one must question the final destination of the large volumes of horse meat 
produced in Mexico and the periodic excess of imports in this unregulat-
ed market. The aims of this Mexican study were therefore to determine the 
presence of fraudulent horse meat sales in a sample set of fresh and pro-
cessed meat.
Methods
Meat sampling: Raw samples of beef steak or ground beef were purchased 
from supermarkets, city and street markets, butcher shops and street ven-
dors. Cooked meat samples from steak tacos, golden tacos, gorditas and 
burritos were obtained from city and street markets, street vendors and two 
types of restaurants. A total of 157 establishments were sampled randomly 
across six cities.
 
Species determination by DNA analyses of meat samples
Target gene selection and oligonucleotide primers: Oligonucleotide primers 
to identify horse meat based on the mitochondrial cytb gene sequences 
available in the Genbank database were designed using the Primer3 Output 
designing tool of Lasergene software. The nucleotide sequence was submit-
ted to the basic local alignment search tool BLAST to identify regions of local 
similarity among homologue sequences of different species and calculate 

the statistical significance of the matches. Selected primers (PFw1-Eqca and 
PRv-Eqca; Table 1) were synthesized by Probiotek Inc. (Monterrey, Mexico).
Sample preparation, DNA extraction and amplification: DNA extraction and 
amplification were based on the methods of Hernández-Chávez et al (2011) 
and Espinoza Alvarado et al (2017).
Electrophoresis: Amplified PCR fragments (5 µl) were analysed in a 2.0% 
agarose gel containing Gel Red 1x (Biotium, Hayward, California, USA) in 
TAE buffer (40 mM Tris–acetate, 1 mM EDTA) for 60 min at 50 V.
Results
Overall, 10% of the samples sold as beef tested positive for horse meat (Ta-
ble 2). Proportions of samples containing horse meat were similar among 
cities and ranged from 7.1 to 12.5%, except in San Vincente de Chicolopan 
where horse meat was not detected in any of the 40 samples tested. The 
proportion of positive tests in samples from raw and cooked meat was also 
similar at 9.5% and 11.0%, respectively. Burritos were the meat type in which 
horse meat was most prevalent at 28.6%. The incidence of detection in the 
other meat and meat products varied from 4.9 to 12.9%. None of the samples 
from supermarkets tested positive for horse meat, whereas the greatest in-
cidence was in the restaurant-type establishments (18.2%).
Conclusion
Fraudulent sale of horse meat is illegal in Mexico and market regulation is im-
perative to reducing public health risks associated with residues. According 
to a survey of 800 Mexicans (Parametria, 2015), 96% were in favor of strict 
labeling controls for meat products. Three quarters of those surveyed also 
claimed that they would never eat horse meat. Given this resistance, what 
impact would regulation have on the market? Would it help to alleviate illicit 
activity or have other consequences, such as those of the US ban which 
resulted in a surge in horse meat in the Mexican market. One vendor in this 
study claimed sales of labelled horse meat had increased 30% over the past 
year, and attributed this to media-based dissemination of information. Could 
campaigns accompanying regulation reduce market impact. There is noth-
ing inherently wrong or dangerous with knowingly consuming horse meat 
in a regulated market. Indeed, horse meat is a comparable source of animal 
protein to that of bovine, porcine and avian origin, and is highly nutritious. 
When significant populations of consumers live below the poverty line and 
lack food security, is banning or regulation in isolation the answer?
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Castrated vs uncastrated beef cattle: instrumental quality (#396)

Marcia del Campo, Gustavo Brito, Guillermo de Souza
INIA URUGUAY, National Institute of Agricultural Research, Tacuarembo, Uruguay

Introduction
In Uruguay, beef cattle are slaughtered at 3 years old in average implying 
that castration is necessary to avoid meat quality problems. The use of con-
centrates for finishing purposes during the last years, allow farmers to reach 
the slaughter weight with younger and probably uncastrated animals. This 
scenario could imply that a new market niche for young uncastrated cattle 
could be necessary in Uruguay [1]. Animal welfare will probably be improved 
with the elimination of a painful procedure, but the challenge could be not to 
compromise animal welfare nor meat quality. At the commercial level, meat 
price decreases considerably for an entire animal from 18 months old, on. 
There are many old and new studies available on steer and bull comparisons 
[2,3,5]. However, there is not enough information regarding the age at which 
intact male meat quality declines. An important research line is being de-
veloped by INIA in cooperation with farmers associations and the livestock 
industry [1], to test meat quality at different ages in uncastrated males. The 
objective of this experiment was to evaluate the effect of castrated vs uncas-
trated condition, on meat quality from Braford cattle, being 20 months old at 
the time of slaughter.
Methods
20 Braford males, 20 months old and being raised on pasture, were finished 
in a confined system for 5 months. Treatments: T1: castrated and T2: uncas-
trated. Animals were slaughtered with 480 kg of live weight in average within 
each Treatment, in a commercial abattoir licensed to export meat and follow-
ing animal welfare standard procedures. The animals were fastened during 
transportation and lairage period and had access to water ad libitum in the 
lairage pen. Meat samples. One steak per animal (2.54 cm thickness) of the 
Longissimus dorsii muscle was extracted at 36 hours post mortem, vacuum 
packaged individually and transported to INIA Tacuarembó Meat Laboratory. 
Myoglobin concentration was determined and after 2 and 14 days of aging (at 
2-4oC), meat colour was registered at the L* (lightness), a* (redness/green-
ness) and b* (yellowness/blueness) colour space, using a colorimeter (Mi-
nolta C10). Shear force (kg) using a Warner Bratzler, Model D 2000 (WBSF), 
was also determined after the same aging periods. The data was analyzed 
by General lineal models (PROC GLM, SAS System v9.4, 2012). Means were 
compared by the least square means procedure (PROC LSMEANS, SAS 
2012).
Results
After 14 aging days, meat a* value was higher for uncastrated animals (Table 

1). It has been reported by other authors, that uncastrated males produce 
darker meat than those castrated [4], probably due to myoglobin concen-
tration differences (4.46 castrated vs 5.31 uncastrated animals, p=0.04). In 
this experiment, however, differences in meat a* values were not considered 
relevant (economic criteria). Besides, with 14 aging days, L* was higher for 
the uncastrated treatment (Table 1).
Meat tenderness differed between treatments with 2 aging days, showing 
higher WBSF values for uncastrated animals (p=0.04, Table 1), but not after 
14 days of aging (p=0.97, Table 1).
Aging had a significant effect on WBSF in uncastrated animals (7.45 vs 5.36, 
p=0.02.) but not in castrated ones (p=0.90). These results are consistent to 
those reported by Mach et al (2008) who found differences between bulls 
and castrated animals, from the day of the slaughter. However, these authors 
reported the effect of aging (7 days), within both treatments (p<0.05).
Conclusion
Meat quality from uncastrated animals slaughtered at 20 months of age, had 
no differences compared to castrated animals, when including 14 aging days. 
Further research is being developed to find out the age at which the quality 
of the meat is irreversibly affected in uncastrated cattle.
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P-01-35 

Impact of the presence of blood during the slaughter of cattle (#541)

Aimee Smith, Karim Farag
Harper Adams University, Food Technology and Innovation, Newport, UK

Introduction
The relationship between pre-slaughter stress and meat quality in cattle is 
well known. Chronically stressed cattle have depleted glycogen levels in the 
muscle, which retains high muscle pH >6 for 12-48 hours post slaughter 
(Adzitey and Nurul, 2011). High pH results in reduced consumer desirable 
attributes including a darker colour (Hughes et al., 2017), commonly known 
as Dark, Firm and Dry traits (DFD). Acute stress ante-mortem causes a dra-
matic reduction in muscle pH <6 within 45 minutes post slaughter causing 
Pale, Soft and Exuberant traits (PSE), although this is more commonly seen 
in poultry and pork (Barbut et al., 2008).
Pre-slaughter stress can be a result of fearful emotions caused by novel 
experiences such as transport and handling (Boissy and Bouissou, 1995). A 
variety of papers have presented the physiological and behavioural respons-
es to biological significant odours from stressed conspecifics which include 
faeces, urine and blood (Mackay-Sim and Laing, 1980; Vieuille-Thomas 
and Signoret, 1992; Terlouw et al., 1998). The physiological and behavioural 
changes in response to the presence of blood has not yet been researched 
in the context of a pre slaughter stressor. Therefore, the aim of this study was 
to evaluate the effect of the presence of blood in the stun box on processing 
time, cortisol levels and carcass pH.
Methods
Observations of 80 Aberdeen Angus sired heifers were made over an 8 day 
period between January and April of 2019 at a UK abattoir. A factorial trial 
was implemented to determine the effect of the presence of blood in the 
stun box on processing time, cortisol levels and carcass pH. The treatments, 
lairage duration and blood presence were allocated to the cattle by random 
chance. CCTV footage and cattle information provided by the abattoirs com-
puter generated reports allowed for the calculation of processing times and 
additional animal information including producer, haulage duration and load 
type. Blood samples were collected within 60 seconds post exsanguina-
tions, using 90ml plastic sample pots and then transferred into SARSTED 
S-Monovett 4ml Z-Gel test tubes containing a clotting activator to stabilise 
the blood sample for analysis. Blood cortisol levels were analysed by a third 
party Clinical Laboratory using an Elecsys Cortisol II assay. Carcass pH was 
recorded at 1 and 24 hours in the Longissimus dorsi between the 10th and 11th 
rib and at a depth of 4cm using a Teso 205 handheld pH meter. GENSTAT’s 
(18th Edition) factorial ANOVA , Pearson’s Correlation Coefficient and Linear 
Regressions were used to statistically analyse the data.

Results
There was no significant effect (P = >0.05) of the presence of blood on pro-
cessing time, animal welfare or meat quality (See table 1) therefore, a require-
ment to wash the stun box between each animal to remove the blood has 
no additional benefit. All faeces and urine was removed from the stun box 
for both treatments therefore, the benefit of washing the stun box after each 
animal comparted to allowing a build-up of blood, faeces and urine was not 
reviewed. Further research is needed to determine the benefit of frequent 
stun box cleaning between cattle.
Cattle lairaged overnight due their significantly higher (P= 0.003) cortisol 
levels (118.5 noml/L) compared to cattle delivered on the day of processing 
(85.9 noml/L), however the mean cortisol values for both treatments were 
typical for cattle within the abattoir environment (Lu et al., 2018). The relation-
ship between lairage duration and cattle cortisol levels is complex. A positive 
weak  linear relationship (Pearson’s Correlation Coefficient +0.30) exists be-
tween increased lairage duration of all cattle and cortisol levels (See figure 
1). With a Coefficient of determination of 0.092 (9%) and P = 0.005, indicating 
that increased duration length resulted in elevated cortisol levels. However, 
a negative weak linear relationship (Pearson’s Correlation Coefficient +0.35) 
exists between increased lairage duration in cattle delivered on day and cor-
tisol levels. With a Coefficient of determination of 0.122 (12%) and P = 0.02, 
resting cattle post transport can aid in the reduction of cortisol levels, see 
figure 1.
Conclusion
The presence of blood in the stun box during slaughter has no significant 
implications on processing, animal welfare or carcasss quality. Although 
further research surrounding the cleanliness of the stun box between cat-
tle is needed to determine the overall importance and frequency of regular 
cleaning the stun box during production. The research identified an elevated 
stress response in cattle lairaged overnight. Conflicting with this a negative 
weak linear relationship was also identified in the cattle delivered on the day 
of production, indicating the benefit of resting the cattle in the lariage for a 
short duration post transport.
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Figure 1: Effect of lairage duration on cortisol levels.

 
Table 1: Effects of blood presence and lairage duration on welfare mea-
surementsand carcass quality. 
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P-01-36 

Are movements after captive bolt stunning of cattle a sign of regaining consciousness? (#635)

Karen von Holleben, Martin von Wenzlawowicz
bsi schwarzenbek, Training and Consultancy Institute for animal welfare at transport and slaughter, Schwarzenbek, Germany 

Introduction
Although there is quite some literature on the indicators to assess unconscious-
ness after captive bolt stunning, correct interpretation especially of movements 
directly after stunning, during shackling and hoisting and during bleeding may 
be difficult in practice. Successful captive bolt stunning leads to immediate 
collapse and onset of apnoea (absence of breathing), followed by a tonic sei-
zure, which can be recognised from the occurrence of arched back and legs 
flexed under the body. In the course of the slaughter process cattle are usually 
shackled and hoisted at this point and subsequent movements will be affected 
thereby (e.g. arching to the shackled side or kicking of the opposite hind leg 
during hoisting). After the tonic phase vigorous kicking is possible, especially 
in black holstein cattle. This may even impede shackling and for working safety 
reasons cattle in this case have to be stuck on the landing roast before shack-
ling not to exceed the maximum permitted stun to stick interval of 60 seconds. 
With regard to stunning effectiveness it is important to draw the line between 
movements caused by the stunning intervention and subsequent process 
itself and those, indicating that consciousness is not yet lost or may be re-
gained. This difference may not be evident, especially if hoisting happens ear-
ly. Welfare relevant movements can more easily be distinguished if the seizure 
is over and loss of muscle tone, e.g. relaxed jaw, protruding tongue and limp 
tail and legs are predominant in well stunned cattle. Movements described in 
the case of ineffectively stunned cattle are breathing movements (e.g. at nos-
trils or lips) but also vigorous kicking, especially of the hind legs, head right-
ing and body arching during bleeding. The aim of this study was to describe 
movements after shackling and hoisting in relation to signs of consciousness, 
features of the animals and the slaughter process.
Methods
In total 270 bulls cows and heifers of different breeds, mostly black (63%) and 
red holstein (14%), brown swiss (8%), limousin (7%) and crossbreeds (8%) 
were stunned in a German slaughter plant during routine slaughter using a 
restraining box with head restraint (Allkon, 36396 Steinau an der Straße, D). 
36% of the bulls and 79% of the females were black holstein. Average life-
weight was 598,6 (325 – 897) kg. Cattle were stunned by cartridge fired cap-
tive bolt guns (Schermer, 76275 Ettlingen, D, KR type for bulls and KS type 
for female cattle, both red cartridges) at a speed of 55/ hour. Average stun-
to-stick interval (chest stick) except for those bled on the landing roast, was 
38 seconds (medium 50%-quantile: 33-39s, range: 30 - 66s). We recorded 
stunning effectiveness (effective / doubtful / not effective) in the stunning pen, 
on the landing roast and during bleeding, second shots and bleeding effec-

tiveness and also examined the position and angle of the captive bolt hole in 
the skull by introducing a plastic stick at the end of bleeding. During hoisting 
and bleeding we recorded the following categories of moments as well as 
frequency and duration:
1. Tonic seizure: arched  back and legs flexed under the body
2. Body arched ventrally
3. Body arched to the side
4. Twitching/struggling: all limbs move uncontrolled and asynchronous
5. Kicking (vigorous & repeated) of one or both front leg(s)
6. Kicking (vigorous & repeated) of the free hind leg 
7. Fore leg(s) bending (rolling inwards)
8. Lifting of the free hind leg
Results
More than half of the cattle showed movements during hoisting and bleeding 
(55%, bulls: 61%, females: 51%, see table 1 and figure 1).
Different types of movements were recorded in bulls and females.   24% of 
the suspended bulls showed body-arching to the side over 10 to 30 seconds 
sometimes together with kicking, 8% showed ventral body-arching. Kicking 
of the free hind leg or bending of the forelegs were seen in 17% of the bulls. 
Movements recorded for female cattle were mainly tonic seizure (9%) up to 60 
s after stunning and also ventral body-arching (12%), 1 to 3 times. All female 
cattle showing tonic seizure as well as any limb movements except twitching 
(in total 18%) were black holstein.
None of the cattle was ineffectively stunned. During bleeding for 6 animals (1 
bull and 5 females) stunning effectiveness was evaluated “doubtful” due to 1 to 
4 breathing movements (nostrils), of which 3 received a second shot for safe-
ty reasons. No deviation could be found for these animals regarding positon 
and angle of the shot. No correlation was found between occurrence or type 
of movement and stunning effectiveness, evaluated by brainstem reflexes or 
breathing movements.
Conclusion
After captive bolt stunning leg- and body movements usually occur in suffi-
ciently stunned cattle, especially in black holstein breeds. Some movements 
are even indicative for the stunning effect, e.g. tonic seizure. Early hoisting in 
modern plants will enhance movements caused by reflexes. Different types of 
movements occur in female cattle and in bulls. Stunning effectiveness cannot 
be evaluated only by looking at movements. Signs of brainstem activity, e.g. 
breathing, eye reflexes or spontanous eye movements have to be taken into 
account.
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Table 1: 
Percentage of cattle showing the movement-type, average lifeweight 
and percentage of black holstein for the cattle showing this move-
ment-type, bulls and females respectively

 
Figure 1:  
Frequency of movements during hoisting and bleeding (n= 270)
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Variation in the expression of different heat shock proteins mRNA in EDTA stabilized blood of pigs exposed to 
different stunning methods (#653)

Sebastian Zimmermann, Dagmar A. Brüggemann
Max-Rubner-Institute, Department of Quality and Safety of Meat, Kulmbach, Germany 

Introduction
Heat shock proteins (HSPs) are present in all organisms and in all cells of 
all organisms [1]. They are essential molecular chaperones in protein as-
sembly [2] and disassembly, protein folding and unfolding [3], and refolding 
of damaged proteins [4-7]. Diverse stressors induce the expression of HSP 
genes in muscle cells [8-11]. Hsps belong to multigene families that range in 
molecular size from 10 to 150 kDa and are found in all major cellular compar-
tements [8]. The Hsp family can be divided in five major groups based on 
their size, structure and function: (1) Hsp110; (2) Hsp90; (3) Hsp70; (4) Hsp60 
and (5) small Hsp (sHSP) families [12].
In sticking blood different short term stressors could affect mRNA levels of 
hsps, which starts with the actual transport conditions up to stunning [13]. In 
case of the electrical stunning the pigs have to be isolated and were fixed in 
a stunning box. At the CO2 stunning the initiating phase is the major stressor 
for the pigs. CO2 anesthetizes excellently but its mucosal averseness is a 
problem in the introduction.
Therefore the aim of the present study is to evalute the mRNA expression 
levels of different heat shock proteins in pigs blood exposed to different 
stunning methods.
Methods
1. Animals, experimental design and sampling
On ten different days, 140 slaughter pigs (guilts and barrows) with an live 
weight of 118 ± 22 kg were randomly selected at the slaughterhouse Kulm-
bach. 73 pigs were stunned electrically using operator-handled tongs (head 
stunning: 1.5 A, 5 s; head-heart stunning 1.3 A, 6 s). 67slaughter pigs were 
stunned with CO2 using a Dip-Lift system (95 % CO2, 100 s) (Butina, Den-
mark). The blood samples were collected as mixed blood from arteries and 
veins during exsanguination. Blood samples were collected in blood tubes 
(10 mL Sarstedt, Germany) containing EDTA (1.6 mg/mL blood), and imme-
diately chilled on ice. The EDTA stabilized blood samples were frozen and 
stored at -80°C.
2. Isolation of the total RNA and synthesis of cDNA
Total RNA was isolated from 400 µl EDTA stabilized blood using 1200 µl 
Lysis Blood buffer (Roboklon, Germany) according to manufacture’s instruc-
tions. 5 µl of each sample was synthesized in to cDNA using NG dART RT 
KIT (Roboklon, Germany) following the manufacture’s instructions, and then 
stored at 4 °C until use.
3. Quantitative PCR (qPCR)

All experiments were performed on a Biorad qPCR Cycler CFX 96 (Biorad, 
Germany). Each DNA sample (10 µl) was suspended in 2x SG qPCR Mas-
ter Mix (Roboklon, Germany) with primer ( 10 pmol/ µl of downstream and 
upstream primer, respectively) and RNA free water to a total volume of 25µl. 
The primers were synthesized by Metabion (Germany) (Table 1). The themal 
profil was established according to the manufacturer’s protocol. Briefly, this 
protocol was 95 °C for 10 min for enzyme activation, followed by denaturing 
the doubled stranded DNA at 95 °C for 15 s, annealing at 59 °C for 30 s and 
elongation at 72 °C for 30 s, for a total of 41 cycles. Finally a inactivation for 
step was included at 95°C for 15s. For each run, a negative control without 
DNA was running along with the experimantel samples.
 
Results
The aim of the study was to evalute the mRNA expression levels of different 
heat shock proteins in pigs blood exposed to different stunning methods. 
Therefore all data sets were performed in duplicates. The means of these 
duplicates were normalized to house keeping genes (GAPDH and ß-Actin). 
All of the 140 slaughtered pigs, which represent common German crossbred 
lines, could be analyzed and evaluated. The examined groups did not pass 
the test on normal distribution; therefore, the Mann-Whitney test was carried 
out for the statistical evaluation. This test was highly significant (P<0.001) for 
the respective comparisons despite the large individual animal differences. 
The delta ct-values demonstrated a huge animal individually range, which 
are shown as box plot diagrams in Figure 1. A gender-specific evaluation did 
not take place. The highest delta ct-value (17.9383) was detected for hsp70-
CO2 and the lowest (-1.9380) for hsp70- E. It is noticeable that the median of 
the delta ct-values for hsp27 for electrical stunning are above the value of 
CO2 stunning, whereas it is the opposite for the other tested hsps.
Conclusion
Heat shock proteins can be detected in the blood of slaughtered pigs; how-
ever, they show very large animal-individual differences. To be able to use 
hsps as stress markers is either the definition of reference ranges for resting 
values or the correlation with other better studied parameters such as adren-
aline or noradrenaline essential.
Acknowledgements
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Figure 1: Box plot diagrams of the delta ct values of the different 
examined heat shock proteins and

 
Table 1: Overview of the primers (sequence, length of the amplified DNA 
frag -ment and NCBI reference 



Notes

65th International 
Congress of Meat Science 
and Technology

109

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

 
 Figure 1. Dynamics of dominant sensations of Holstein beef.The domi-
nant characteristics were shown in each time point. The blank indi-
cated that all traits were not dominant.
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Prevalence of fecal carriage of main enterohemorrhagic escherichia coli serotypes among slaughtered dairy 
calves in france (#11)

Clemence Bieche-Terrier1, Frédéric Auvray2, Maryse M. Um2, Laurent Allais3, Marie Drouet1, Eric Oswald2, 4, Delphine Bibbal2, Hubert Brugere2, This 
study was carried out thanks to Interbev and France AgriMer foundings.
1 Institut de l’Elevage, Meat Quality Department, Paris cedex 12, France; 2 IRSD, Université de Toulouse, INSERM, INRA, ENVT, UPS, Pathogenèse et commensalisme des entérobactéries, Toulouse cedex 
3, France; 3 Institut de l’Elevage, Laboratoire d’Analyses et de Technologie des Produits, Villers-Bocage, France; 4 CHU de Toulouse, Hôpital Purpan, Toulouse cedex 9, France 

Introduction
Enterohemorrhagic Escherichia coli (EHEC) strains are major worldwide oc-
curring food-borne pathogens, causing hemorrhagic colitis and hemolytic 
uremic syndrome (HUS). HUS is the leading cause of acute renal failure 
among young children and is potentially fatal or results in a high rate of renal 
and non-renal sequelae in survivors. The key virulence trait of STEC is their 
ability to produce Shiga toxin (Stx), encoded by prophagic stx genes. The 
most common EHEC belong to one of the 7 following serotypes: O157:H7, 
O26:H11, O45:H2, O103:H2, O111:H8, O121:H19 and O145:H28, which cause 
more than 70% of EHEC diseases leading to HUS in France, mainly caused 
by consumption of contaminated food.
Ruminants’ guts, especially cattle, are known to be the main reservoirs of hu-
man pathogenic EHEC, and food-borne outbreaks are frequently acquired 
through the consumption of undercooked ground beef. Several internation-
al studies were completed over last years to estimate EHEC prevalence of 
carriage in adult cattle, during breeding or at slaughterhouse. Very few dealt 
with calves, and even fewer with dairy calves slaughtered before 8 months 
old to produce white veal meat, product which can also be ground before 
consumption, like beef meat.
That’s why the present study was carried out to evaluate the prevalence of 
fecal carriage of these Top 7 EHEC in dairy calves in French slaughterhous-
es.
Methods
A total of 500 veal calf fecal samples were collected from five French slaugh-
terhouses over the period January - December 2017. They were analyzed 
using a methodological approach similar to ISO/TS 13136 which included an 
enrichment step followed by DNA extraction and real-time PCR screening 
of stx, eae variants and specific O-group DNA markers corresponding to the 
Top 7 EHEC serogroups. Immuno-magnetic separation (IMS) was then used 
for EHEC isolation. Genetic characterization of the recovered isolates led to 
the identification of EHEC strains.  
Fecal samples confirmed as positive for Top 7 EHEC presence were subject-
ed to EHEC enumeration using the most probable number (MPN) method.
Results
Out of the 500 individual fecal samples, 30 EHEC strains belonging to the 
Top 7 serotypes were isolated from 28 animals which equals a 5.6% preva-

lence among these 500 sampled dairy calves.
The isolated serotypes were identified as O103:H2 (43%), O26:H11 (30%), 
O145:H28 (17%) and O157:H7 (10%).
A seasonal effect was recorded and statistically significant, showing two 
higher EHEC shedding periods, respectively from April to June, and from 
November to December.
Consistent with the results of studies that evaluated the influence of age of 
animal on EHEC fecal shedding in 2010-2012, EHEC prevalence in French 
dairy calves fecal content was slightly higher to the one previously estimated 
in young dairy bulls (4.5%) but was significantly higher than EHEC preva-
lence determined in older cattle such as dairy cows (1.8%) and suckler cows 
(1.0%). This tendency is in agreement with international data stating that the 
younger a bovine is, the higher the risk to carry EHEC among fecal bacteria 
is. According to scientific literature, one exception of this tendency may be 
suckled calves.
Conclusion
These data confirmed previous study conclusions, that is to say that EHEC 
faecal carriage by calves is usually higher than among adult bovine, espe-
cially in dairy breed. Thankfully in France, ground meat currently represent 
only 3% of produced veal meat volume (as opposed to 30% of beef meat vol-
ume), which limits people exposure to EHEC through veal meat consump-
tion.
Nevertheless veal meat manufacturers have already taken measures to en-
sure safety of sensitive products like transferring and adapting EHEC control 
standards developed for beef meat production to veal meat industry, moni-
toring veal cleanliness at slaughter, carrying out systematic research of O157 
or Top 7 serotypes EHEC in frozen ground veal meat batches…
To this day, no case of EHEC foodborne disease has been linked to ground 
veal meat consumption in France.
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Isolation of bacteria having potentiality to form ZnPP in meat products (#52)

Md Asaduzzaman, Mofassara Akter, Toru Hayakawa, Haruto Kumura, Jun-ichi Wakamatsu
Hokkaido University, Applied Food Science Laboratory, Dept. of Animal Science, Graduate School of Agriculture, Sapporo, Japan

Introduction
Zinc protoporphyrin IX (ZnPP) is a main natural red pigment found in Parma 
ham without nitrate/nitrite (Wakamatsu et al. 2004a). ZnPP is thought to be a 
promising pigment to improve the color of meat products without nitrate/ni-
trite. Microorganisms had been considered not to contribute to the formation 
of ZnPP in Parma ham. However, some staphylococcal strains isolated from 
Parma ham have a capability to produce ZnPP (Morita et al. 1996). Further-
more, the amount of ZnPP was increased in pork homogenate without the 
addition of antibiotics (Wakamatsu et al. 2004b). Accordingly, some edible 
bacteria might have potential for producing ZnPP, which would be advanta-
geous to improve the color of meat products. Therefore, the aim of this study 
was to screen suitable bacteria that can improve the color of meat products 
with the production of ZnPP under the nitrate/nitrite–free conditions.
Methods
a) Isolation and identification of high ZnPP–forming bacteria
Bacteria from various sources were cultured on the modified standard plate 
count agar containing 3% NaCl with adjusted at pH 5.5 because of applica-
tion of making fermented sausage. Bacteria were incubated at 20–25oC in 
anaerobic condition. ZnPP–forming ability of isolated bacteria were evalu-
ated in the established meat homogenate model system (Wakamatsu et al. 
2004b). High ZnPP–forming bacteria were identified by 16S rRNA full–length 
sequencing.
b) Evaluation of ZnPP–forming ability of inoculated bacteria in aseptic 
minced meat and dry fermented sausage
Aseptic minced pork was prepared from longissimus muscle, mixed with 
3% salt and the isolated edible bacteria. After vacuum packing it was incu-
bated at 18oC for 14 days. Dry fermented sausage was prepared by adding 
identified edible bacteria. Fluorescence intensity (Ex/Em: 420/590 nm) of 
ZnPP was measured by 75% acetone extraction method. Autofluorescence 
of ZnPP in minced pork and fermented sausages was observed with purple 
LED lights and band pass sheet filter–equipped digital camera (Wakamatsu 
et al. 2009).
Results
a) Isolation and identification of high ZnPP–forming bacteria
As shown in Fig. 1, fluorescence intensity of meat homogenates was de-
pending on the inoculated bacteria. Some of them showed significantly high-
er intensity than control. Since there was no difference in ZnPP production 
between control and antibiotic groups, it was obvious that the meat homog-

enate was prepared aseptically and the increased ZnPP was ascribed to the 
action of inoculated bacteria. Finally, 44 colonies having high ZnPP–forming 
ability were isolated. Seventeen species of bacteria were identified by 16s 
rRNA full–length gene sequencing and out of them 3 bacteria (X, Y and Z) 
were found to be edible.
b) ZnPP–forming ability of inoculated bacteria in aseptic minced meat and 
dry fermented sausage
Fig. 2A showed brighter red color and strong ZnPP autofluorescence in the 
samples containing bacteria X and Y compared to control in which bacteria 
was not inoculated. Although the aseptic minced meat, receiving bacteria 
Z showed comparable ZnPP autofluorescence to the control, fluorescence 
intensity of ZnPP in the all three inoculated groups were significantly higher 
than that of control (Fig. 2B). When the identified edible bacteria were ap-
plied for manufacturing of sausages, brighter red color was observed in the 
inoculated and nitrite–added sausages compared to control (Fig. 3A). Strong 
ZnPP autofluorescence was observed in the inoculated groups whereas 
negligible autofluorescence was observed in nitrite group. Fluorescence 
intensity of ZnPP was also significantly higher in the inoculated sausages 
compared to nitrite and control groups (Fig. 3B). The inoculated edible bac-
teria (especially X and Y) showed strong capability to form ZnPP in meat 
system and sausages.
Conclusion
These identified edible bacteria havethe high potential to produce ZnPP in 
meat products. These high ZnPP–forming bacteria can be the candidates to 
improve the color of meat products without nitrate/nitrite.
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Fig. 3. ZnPP–forming ability of the isolated edible bacteria in fer-
mented sausages 
A) Visible images and ZnPP autofluorescence of sausages with the high  
ZnPP–forming edible bacteria. B) Fluorescence intensity of ZnPP 
(measured by acetone extraction method) in the fermented sausages.* 
and **: P < 0.05 and P < 0.01 vs. control; Bars: SEM (n = 3)
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Fig. 2. ZnPP–forming ability of the isolated edible bacteria in aseptic 
minced meat 
A) Visible images and ZnPP autofluorescence of aseptic minced meat 
with the high ZnPP–forming edible bacteria X, Y and Z.  
B) Fluorescence intensity of ZnPP (measured by acetone extraction 
method) in the minced meat.**: P < 0.01 vs. control;  
Bars: SEM (n = 2)
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Fig. 1. Evaluation of ZnPP-forming capability of isolated bacteria in  
meat homogenate model system 
Aseptic 20% meat homogenate was prepared with 3% salt and bacteria 
(2×106/ml) was inoculated, after incubation at 25oC for 7 days in 
ana-erobic condition, fluorescence intensity of ZnPP was measured by 
acetone extraction method. Non–inoculated group designated as con-
trol. a, b, c and d indicates the various sources of bacteria and 
1, 2, 3, 4 and 5 indicates different isolate in each source. **: P < 
0.01 vs. control; Bars: SEM (n = 3)
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P-02-03 

Combination of essential oils and phenolic acids against salmonella for food safety of sliced cooked ham (#276)

Jessica A. Feijó Corrêa, João V. Santos, Alberto G. Evangelista, Renata E. F. Macedo, Fernando B. Luciano
Pontifícia Universidade Católica do Paraná (PUCPR), Graduate Program in Animal Science, Curitiba, Brazil

Introduction
Salmonella is one of the most reported agents associated to enteric diseases, 
presenting elevated risk and economical losses in the food industry. Natural 
antimicrobials have gained relevance through the years, and the combined 
application of essential oils and phenolic acids has shown potential results 
to control food pathogens [1,2]. This study aimed to assess the effects of 
several combinations of phenolic acids (PAs) and essential oil components 
(EOCs) on the growth of Salmonella, and, thereafter, evaluate the best com-
bination to control Salmonella in sliced cooked ham.
 Methods
A four strains pool of Salmonella Enteritidis (CRIFS 1016, 56301, 33SUSP 
and 9SUSP) was cultivated in Müeller Hinton broth (pH 6). The minimum 
inhibitory concentrations (MICs) of the PAs trans-ferulic, 4-hydroxybenzoic, 
o-coumaric and syringic, and of the EOCs allyl isothiocyanate, cinnamalde-
hyde and carvacrol were determined. Then, the fractional inhibitory concen-
trations (FICs) of the substances in the 12 possible combinations (PA+EOC) 
were evaluated combining decreasing fractions of each MIC. The method 
was microdilution as described by CLSI [3]. The most effective combination 
was elected for application in ham.
For that, 8 x 7 x 0.2 cm cooked ham slices were spread-inoculated with 60 µL 
of a 108 colony-forming units (CFU)/mL suspension of thepool and air dried 
in safety cabinet. For the treatment, 8 x 7 cm filter papers were previously 
impregnated with the PA at concentrations equivalent to 5 and 10x the FICs 
(5X and 10X). Papers were positioned on top of the inoculated surface of slic-
es, which were packaged in modified atmosphere packaging bags. Another 
filter paper was used for the EOC application, also at 5X and 10X, and posi-
tioned next to the slice. Bags were heat sealed and incubated for 7 d, 4 °C. 
Positive and negative controls were also prepared – inoculated/non-treated 
and non-inoculated/non-treated, respectively. Color (parameters L*, a*, b*, 
C* and h) and pH were measured at the storage times 0, 1, 4 and 7 d. Like-
wise, microbiological analyses were conducted as described by Meira et al. 
[2]. Experiments were performed twice in triplicate. Data were analyzed by 
one-way ANOVA followed by Tukey’s test (P≤0.05) in GraphPad Prism 5.04.
Results
Determined MICs and FICs are shown in Tables 1 and 2, respectively. PAs 
and EOCs showed enhanced activity when applied together. Cinnamalde-
hyde and o-coumaric acid combination was elected for evaluation in sliced 
ham due to its lower FIC values and similar chemical characteristics. Slices 

treated with the elected combination did not show color nor pH alterations 
with statistical significance compared to control (data not shown). Also, mi-
crobiological results (Figure 1) imply the tested concentrations were not ef-
fective on reducing Salmonella population through the storage period.
A significant reduction in Salmonella population was observed on day 1 by 
10X treatment, however this reduction was not maintained during the analy-
sis. As observed in previous studies, PAs and EOCs combination show great 
potential against foodborne pathogens [1,2].
Conclusion
Different application methods must be developed to achieve an effective and 
continuous delivery in the matrix, aiming to establish bacterial inactivation 
during the shelf life. Since color and pH are not altered, there is possibility of 
commercial use without affecting consumer acceptability.
Acknowledgments 
This work was supported by Brazilian National Council for Scientific and 
Technological Development, processes 454294/2014-0 and 304299/2015-4. 
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Table 2.  
FICs determined for PAs and EOCs combina-
tions against a 4-strain pool of Salmonella.

 
Figure 1. Residual population of Salmonella spp. in ham treated with  
cinnamaldehyde and o-coumaric. 
Different lowercase and uppercase letters indicate statistical differ-
ence between days and between treatments, respectively (P≤0.05).
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Table 1.  
MIC of PAs and EOCs against a 4-strain pool of Salmonella.
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P-02-04 

Biochemical characteristics of the extracellular protease from Pediococcus pentosaceus isolated from Harbin dry 
sausages (#343)

Baohua Kong, Qian Chen, Fangda Sun
Northeast Agricultural University, College of Food Science, Harbin, China

Introduction
  Harbin dry sausage is a traditional Chinese natural fermented meat prod-
uct which has a short production cycle, a unique local taste, fine texture 
and good flavour. Pediococcus pentosaceus has been identified in Harbin dry 
sausage, the aim of this research was to identify the protease purified from P. 
pentosaceus and to characterize the factors affecting protease activity, and 
study the potential possibilities  of microbial protease to give the Harbin dry 
sausages unique physicochemical and sensorial properties originating from 
its specific activity.
Methods
1. Protease preparation
  P. pentosaceus was isolated from Harbin dry sausage, extracellular protease 
was purified using ammonium sulphate deposition, ion exchange layer sys-
tem and gel filtration, The active protease collections were quickly freeze-
dried and stored at -20 °C for further investigation. The protease activity was 
determined with 2% casein substrate solution in a 0.02 M phosphate buffer 
(pH 6.8) at 37 °C.
2. Effect of pH and temperature on activity and stability of the protease
  The protease was dissolved for different pH and the mixture was incubat-
ed for 0-60 min, and then the relative protease activity was measured se-
quentially for each pH and time. The optimal temperature was determined by 
measuring the protease activity using a 2% casein solution as the substrate 
at pH 6, and varying the temperature from 20 to 60 °C, 0-60 min. The relative 
protease activity was measured sequentially for each temperature and time.
3. Effect of metal ions and inhibitors on the protease activity
Different metallic ions or inhibitors at 1 mmol/L and 10 mmol/L were used to 
examine their effect on the protease activity. Then, protease with a protein 
concentration of 10 mg/mL (1 mL) was incubated with a solution (1 mL) of 
chloride salts of each ion or protease inhibitors at 37 °C for 30 min, the pro-
tease activity in the absence of any ions or inhibitors was defined as 100% 
(control).
4. Efficacy of protease in hydrolysing myofibrillar and sarcoplasmic protein
The concentrations of myofibrillar and sarcoplasmic proteins were adjusted to 
3.0 mg/mL, and 3 mL of the two meat proteins were collected in a tube, then 
the protease (40 U/g) was added. The time evolution samples of the hydroly-
sis assay were obtained by retrieving aliquots (100 μL) from the tube after 10-
70 min, and the hydrolysis evolution with time was evaluated by SDS-PAGE.

Results
1. Effect of pH and temperature on activity and stability of the protease
  Fig. 1A shows that the purified extracellular protease exhibited a maximum 
level of relative activity (100%) at pH 6. The stability of the purified protease 
in all pH environments showed a similar variation trend during the entire 
incubation time, maintaining the relative activity above 50% during 25 min of 
incubation, and the purified protease exhibited a relatively good pH stability 
at pH 6 (Fig. 1B). 
  Fig. 1C reflects the optimal temperature was observed to be approximately 
30 °C and the relative activity (100%) was significantly higher than that at 
the other temperatures (P<0.05). As shown in Fig. 1D, the thermal stability 
and the relative protease activity were poor at 50 °C and lower than 50% at 
30 min, while the relative activity at 30 °C was greater than 65% at 30 min. 
2. Effect of metal ions and inhibitors on the protease activity
  The effect of various metal ions on P. pentosaceus protease relative activity 
was investigated at 1 mmol/L and 10 mmol/L (Table 1). K+ and Ca2+ had no 
significant effect at 1 mmol/L (P>0.05) and stimulated the protease activity 
up to 105.8% and 113.2% at 10 mmol/L (P<0.05). Compared with the control, 
the protease relative activity in the presence of 1 mmol/L and 10 mmol/L 
Cu2+ was significant reduced to 45.7% and 20.4%, respectively (P<0.05). The 
protease activity decreased to 67.6% and 21.9% in the presence of 1 mmol/L 
and 10 mmol/L EDTA , and decreased to 92.4% and 91.3% in the presence of 
1 mmol/L and 10 mmol/L PMSF, respectively (P<0.05).
3. Efficacy of protease in hydrolysing myofibrillar and sarcoplasmic protein
  Hydrolysis of meat myofibrillar and sarcoplasmic proteins has been consid-
ered as the source of the fermented meat flavour compounds. The P. pentosa-
ceus protease exhibited a certain degree of enzymatic activity on myofibrillar 
protein (Fig. 2A). With the extension of the action time from 0 min to 70 min, 
the bands intensity corresponding to 220, 97.2, 44.3, and 40 kDa vanished or 
decreased while degradation products with low molecular weights ranging 
from 14.3 to 40.0 kDa simultaneously appeared. The P. pentosaceus protease 
showed an extremely high enzymatic activity and excellent reaction rate for 
sarcoplasmic protein (Fig. 2B). The intensities of the sarcoplasmic protein 
bands (29-220 kDa) gradually decreased with longer reaction time. 
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Conclusion
   P. pentosaceus protease reached higher relative protease activity at pH 6 
and 30 °C, and the protease showed certain pH and thermal stability at pH 
6 and 30 °C. P. pentosaceus protease activity can be inhibited by 1 mmol/mL 
and 10 mmol/mL EDTA. SDS-PAGE experiments show the ability of protease 
to hydrolyse sarcoplasmic and myofibrillar proteins.
 

Fig. 2. Efficacy of protease in hydrolysing myofibrillar and  sarcoplasmic 
protein Enzymatic hydrolysis of myofibrillar (A) and sarcoplasmic (B) 
proteins  by P. pentosaceus purified protease. MW refers to the molecular 
weight of the protein standard; 0-70 refers to the time of enzymolysis (min).

 
Table 1 Effects of different concentrations of metal ions and inhibitors 
on the protease activity Purified protease was incubated with various 
reagents at 37°C for 30 min, and 100% relative activity was assigned 
to the activity in the absence of reagents. a-i Means values (mean ± 
standard error) within the same column with different uppercase let-
ters differ significantly from each other (P＜0.05).
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Fig. 1. Effect of pH and temperature on activity and stability of the pro-
tease  
Effect of pH on the protease activity (A) and stability (B), the in-
fluence of the temperature on protease activity (C) and stability 
(D). Error bars refer to the standard error obtained from the analy-
sis of triplicate samples. Different letters (a-f) indicate the sig-
nificant differences in the crude protease activity at different ini-
tial pH and fermentation temperatures (P＜0.05).
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P-02-06 

Potential microbial risks associated with innovative fenalår elaboration procedures (#539)

Elena Coll - Brasasa1, Arícia Possas1, Per Berg2, Bjørg Egelandsdal3, Trond Livden2, Sara Bover-Cid1, Elena Fulladosa1

1 IRTA, Food Technology/Food Safety, Monells, Spain; 2 Nortura, SA, Tynset/Oslo, Norway; 3 Norwegian University of Life, Faculty of Chemistry, Biotechnology and Food Science, Ås, Norway 

Introduction
Deboned dry-cured leg of lamb, fenalår, is a typical Norwegian meat product. 
Whole or deboned leg of fresh or thawed lamb, are salted with a combina-
tion of nitrite – salt and fine salt. The legs are stored at below 4 ºC for salt 
equalization and dried at 13-15 ºC until a final weight loss of 38 – 42 % and 
aw <0.90. Innovative procedures are being studied to comply with nutritional 
recommendations (i.e. salt reduction) and clean label demands (e.g. avoid the 
use of curing additives (nitrite and nitrate salts). The aim of our study was 
to evaluate the potential increase of microbiological risk associated with two 
modified fenalår elaboration procedures, a Salt-Reduced (SR) and a Non-Ni-
trite Salt-Reduced (NNSR), in relation to the Standard Salting procedure (SS). 
For this purpose, predictive microbiology models were used to simulate the 
behaviour of relevant microbiological hazards as a function of intrinsic (pH, aw, 
nitrite) and extrinsic factors (temperature) representative of each step of the 
manufacturing process.
Methods
Thirty fenalår were elaborated using the salting procedures (SS, n=15; SR, 
n=8 and NNSR, n=7) defined in Figure 1. After salting, the manufacturing pro-
cess consisted of a cold phase at 2 - 4°C/40 days followed by a drying step at 
18°C/2 days. Fenalårs were then dried at 13-15 °C and RH of 68-70%, smoked 
at 13 °C and pressed. All fenalårs were characterized at different moments of 
the manufacturing process (after 42, 54, 67, 74 and 90 days of processing).
At each sampling time, 6 fenalår were sampled in 2 areas (central and tip of 
the fenalår) and 2-3 regions of interest (RoI) were selected (Figure 1). From 
each RoI, aw was measured with an AquaLab™ instrument. The pH was mea-
sured by direct measurement with a penetration probe. The growth capabil-
ity of target pathogens (Listeria monocytogenes, Salmonella, Staphylococcus 
aureus, Clostridium botulinum non-proteolytic and proteolytic) was simulated 
using the predictive models available at the ComBase tool (www.combase.
cc). As a conservative approach (worse-case scenario) the maximum value of 
pH, aw and temperature were used as model inputs. Nitrite concentration (if 
available in the model) was assumed to be 150 ppm (ongoing concentration). 
Doubling time (h) were obtained and the potential increase of pathogen loads 
(in log units) was calculated for each sampling step.
Results
The results of the physicochemical analysis of fenalår are shown in Table 1. 
The aw values decreased throughout the production process following a sim-
ilar trend in all types of fenalår assessed. The pH was not affected by the dif-

ferent salt and nitrite amounts added at the different elaboration procedures.
The growth capability of microbial hazards varied depending on the species, 
the physicochemical characteristics of the products and the temperature 
occurring in each manufacturing step. During the cold phase, in agreement 
with its psychrotrophic nature, only L. monocytogenes was able to grow. At 
this phase, the other hazards would not be able to grow, either because the 
temperature was below the minimum growth temperature (e.g. Salmonella, S. 
aureus, C. botulinum proteolytic) and/or due to the presence of nitrites (e.g. C. 
botulinum non-proteolytic). The drying step at 18ºC/2 days immediately after 
the cold phase, provided favourable conditions for the growth of mesophil-
ic pathogens in all products and C.botulinum proteolytic in products NNSR. 
According to model simulations, during processing steps at 13°C, L. mono-
cytogenes and S. aureus would be able to grow in products. The decrease of 
aw woulddrastically reducethe growth of the other evaluated microorganisms, 
though the measured aw was outside the simulation domain of the model. For 
S. aureus, the decrease of aw from 0.967 to 0.928 along the process led to the 
decrease in growth rates from 0.099 to 0.016 h-1 in NNSR.  
It is worth to mention that the simulations with ComBase usually provide fail-
safe predictions (i.e. predicted growth faster than the growth that would ac-
tually occur in real food matrixes). Nevertheless, the tool provide useful sim-
ulations to compare the relative impact of different scenarios of input data. In 
the present study, NNSR was the most favourable formulation for microbial 
growth, while little differences of pathogens’ growth potential between SS and 
SR were marked. For instance, the growth rates of L. monocytogenes in NNSR 
doubled those estimated for SR and SS products at all steps of the production 
process (Figure 2), which demonstrates the relevant microbiological role of 
this curing additive in meat products. The reduction of nitrite therefore in-
creases the risk associated with the consumption of fenalår under the studied 
conditions and the implementation of other antimicrobial hurdles would be 
needed to manage them.
Conclusion
The elaboration of fenalår without nitrite must be cautions as it can increase 
the risk of exposure of consumers to microbial risks, mainly L. monocytogenes 
and S. aureus.
Acknowledgements
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P-02-05 

Data fusion of hyperspectral images for the prediction of bacterial growth on beef Longissimus dorsi m. under 
simulated normal and abuse storage conditions (#511)

Eva M. Achata1, Marcia Oliveira2, Carlos Esquerre1, Brijesh K. Tiwari2, Colm O’Donnell1

1 University College Dublin, School of Biosystems and Food Engineering, Dublin, Ireland; 2 Teagasc Food Research Centre, Food Chemistry and Technology, Dublin, Ireland

Introduction
The Longissimus dorsi m. of beef is highly valued by consumers and is nor-
mally aged to increase tenderness, juiciness and flavour. However the micro-
bial load may increase during aging with associated risks for meat safety and 
shelf life. Traditional techniques to monitor microbial load are time consum-
ing, require sample preparation and interpretation of results. Hyperspectral 
imaging (HSI) coupled with chemometrics is a promising non-destructive 
and rapid technique for food analysis and food safety evaluation which may 
be employed for microbial growth monitoring. The objective of this study 
was to evaluate the potential of data fusion of visible-short wave near in-
frared (V-SWNIR) and near infrared (NIR) hyperspectral images and che-
mometrics to predict bacterial growth on beef longissimus dorsi m. under 
simulated normal and abuse storage conditions.
Methods
A total of 104 samples of the Longissimus dorsi m. from 9 cattle were stored 
at 4 ºC (n=53) for two weeks and at 10 ºC (n=51) for one week. During stor-
age period, samples were scanned in the V-SWNIR-HSI (400-1000 nm) and 
the NIR-HSI (880-1720 nm) spectral range. The total viable count of bacteria 
(TVC) of all samples was determined using the standard methodology ISO 
48833-1:2013. PLS-R, low level data fusion, spectral pre-treatments and the 
enhanced Monte Carlo variable selection method (EMCVS) were used to 
predict TVC values with the HSI data obtained.
Results
The best prediction model (R2

p=0.86, RPDp=2.58, RMSEp=0.94) was ob-
tained using the EMCVS and SNV + SD spectral pre-treatments on the Vis-
NIR reflectance spectra. TVC  predicted versus actual values are presented 
in Figure 1. Spectral differences between samples at day 0 from stored sam-
ples over the spectral range 630 to 700 nm may be related to the oxidation of 
myoglobin pigments due to microbial growth and proteolytic changes during 
storage.
Conclusion
The TVC values on Longissimus dorsi m. under simulated normal and abuse 
storage conditions were predicted adequately using low level data fusion 
of V-SWNIR and NIR HSI systems. This study demonstrates the potential 
of Vis-NIR hyperspectral imaging and chemometrics as a rapid tool for the 
prediction of microbial growth on meat during storage. 
 

 
Figure 1 
Predicted vs Actual TVC values obtained using the EMCVS + SNV + SD 
on the 400 -1720 nm spectral range.
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Table 1.  
Fenalår characteristics through the elaboration process 

 
Figure 2. 
Influence of the elaboration procedure and phase temperature/duration 
on the growth rates of Listeria monocytogenes in fenalår 
(expressed as Log10 cfu/g increase per h).

 
Figure 1: 
Fenalar elaboration procedure and sampling.
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Analysis of oxidative stress, apoptosis and necrosis in myocytes from aging porcine muscles by flow cytometry 
(#650)

Mario Estevez1, Fernando Peña2

1 University of Extremadura, Food Technology, Caceres, Spain; 2 University of Extremadura, Spermatology, Caceres, Spain

Introduction
The transformation of muscle into meat involves numerous biochemical 
changes that determine to a great extent the quality of the resulting meat. 
The understanding of the precise molecular mechanisms underlying these 
biochemical changes is essential to manage meat aging properly, minimize 
undesirable changes and promote those contributing positively to meat 
quality. Many previous studies have investigated the postmortem glycolytic 
metabolism given the relevant role of glycogen depletion and pH decline 
on several major quality traits. The ocurrence of oxidative stress is known 
to take place in postmortem muscles as a result of the collapse of the en-
dogenous antioxidant defenses, the release of pro-oxidant factors and the 
exposure of meat to oxygen and light. Yet, the nature of the reactive oxygen 
species formed and their role in the death of muscle cells after slaughter 
is not well understood. The study of postmortem oxidative stress in aging 
muscle is complex given that the underlying reactions and mechanisms are 
complex and the methodological approach can actually modify the nature 
and intensity of the oxidative reactions. 
Flow cytometry has been extensively used in molecular biology  since its 
introduction in the 70s of the past century; initially focused on the analysis 
of sperm DNA. Later on, the applications of flow cytometry expanded to 
the study of the integrity of the cell membranes and  mitochondrial func-
tion. While the costs and complexity of initial flow cytometers limited their 
use to specialized laboratories and mainly to research applications, nowa-
days more affordable, reliable and user friendly systems allow to implement 
flow cytometry in assorted fields of cell biology. 
This study is the first approach to apply a simple flow cytometry protocol to 
assess generation of ROS, and apoptotic and necrotic changes in myocytes 
from porcine muscles during aging.
Methods
Porcine muscles were obtained from a local slaughterhouse. Oxidative 
(psoas major) and glycolytic (longissimus thoracis) muscles were allowed 
to age for 10 days. At sampling times, samples were finely minced using 
sterile scalpels until it resembles a fine paste. Samples were treated with 5 
mg/ml of collagenase D and 1.2 U/ml of dispase II. The total digestion time 
took 1,5 h and the digested slurry was filtered through a 100 µm cell strainer 
over a 50 ml conical tube. Myocytes were collected after centrifugation in a 
conical tube and resuspended in PBS for subsequent staining with stained 

with Hoechst 33342 (H42) to identify cells and discard debris, CellRox Deep 
Red for yhe detection of ROS, Cell Event Caspase-3/7 Green for the as-
sessment of apoptotc changes and ethydium homodimer (Eth-1) for necrot-
ic events. Flow cytometry analyses were conducted using a Cytoflex® flow 
cytometer (Beckman Coulter, CA, USA) equipped with violet, blue and red 
lasers. The instrument was calibrated daily using specific calibration beads 
provided by the manufacturer. A compensation overlap was performed be-
fore each experiment, however due to emission and excitation characteris-
tics of the combination of probes used, spectral overlap was negligible. Files 
were exported as FCS files and analyzed using FlowjoV 10.5.3 Software for 
Mac OS (Ashland, OR, USA). Unstained, single-stained, and Fluorescence 
Minus One (FMO) controls were used to determine compensations and pos-
itive and negative events, as well as to set regions of interest. In addition to 
flow cytometry analyses, samples were analyzed for lipid oxidation (TBARS), 
protein oxidation (protein carbonyls by the DNPH method) and reduced and 
oxidized glutathion (LC-MS).  
Results
The application of flow cytometry to myocytes extracted from postmortem 
muscles enabled a detailed study of moleculat events ocurred during aging 
at individual cellular level (Figure 1). Events plotted against H42 and Eth-1 flu-
orescence showed three populations, live (H-42 +), apoptotic (H-42 +/Eth-1 
+) and dead myocytes (Eth-1 +). Confronting caspase 3 positive vs. H42 
fluorescence enabled the detection of three subpopulations: live myocytes 
(H-42 positive events), early apoptotic (Caspase 3 dim) and late apoptotic 
(Caspase bright events). The progression of apoptosis during aging concurr 
with generation of ROS, oxidative damage to proteins and depletion of en-
dogenous antioxidant resources. Myocytes from oxidative muscles suffered 
more intense oxidative stress and apoptotic and necrotic changes occured 
earlier than in glycolytic ones. 
Conclusion
The present results show the feasability of using flow cytometry to assess 
precise biological changes in intact postmortem myocytes. The application 
offers a broad range of studies aimed to clarify the biochemical changes oc-
cured during transformation of muscle into meat and the influence of those 
events on meat quality. 
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Figure 1 
Work flow for the analysis of postmortem events in myocytes from por-
cines muscles using flow cytometry 
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OMEGA-3-enriched Bologna sausages by addition of echium (Echium plantagineum L.) oil and chia (Salvia hispani-
ca L) Flour (#56)

Julliane C. Barros, Manoela A. Pires, Paulo E. S. Munekata, Isabela Rodrigues, Carlos A. C. Souza, Marco A. Trindade
University of São Paulo, Food Engineering Department/College of Animal Science and Food Engineering, Pirassununga, Brazil

Introduction
The consumption of omega-3 fatty acids has been associated with several 
health benefits, such as reducing the risks of cardiovascular disease, cancer 
and mental illnesses [1]. Echium oil is a vegetable oil that contains signif-
icant amounts of stearidonic acid (omega-3; 13 g/100 g)[2] and chia flour 
has 64.97 g α-linolenic acid/100 g fat[3]. Therefore, the use of Echium oil and 
chia flour can be an interesting alternative to improve the omega-3 content 
of meat products. Thus, the present study aimed to produce a healthier Bo-
logna sausage through the replacement of pork back fat with Echium oil and 
the partial replacement of beef meat with chia flour and to evaluate the fatty 
acids profile of the obtained sausages.
Methods
Four treatments were processed, according to Trindade et al.[4]: Control (17 
g pork back fat /100 g, TE (13 g Echium oil/100 g), T10CF (13 g Echium oil/100 
g + 10 g chia flour/100 g) and T20CF (13 g Echium oil/100 g + 20 g chia 
flour/100 g). The formulations of Bologna sausages are showed in Table 1. 
Duplicates were carried out at processing level for all treatments. For the 
fatty acids profile determination, the lipids were extracted by the Bligh & 
Dyer method[5]. The fatty acids contents were determined by GC chroma-
tography, equipped with G3243A MS detector (Agilent 7890 A GC System, 
Agiflent technologies Inc., Santa Clara, USA). Results were expressed as g 
fatty acid/100 g oil. The results were evaluated by ANOVA using the gener-
alized linear models in the randomized complete block design, considering 
the treatments as a fixed effect, and the experiment replications as a random 
effect. The means were compared by Tukey test, at 5% of significance.
Results
Table 2 presents the results of the fatty acid profile of the Bologna sausag-
es. The addition of Echium oil (TE) alone or together with chia flour (T10CF 
and T20CF) to Bologna sausages reduced (P<0.05) their SFA and MUFA 
contents. Conversely, an increase (P<0.05) in PUFAs was observed. This 
effect is mainly due to the increase in the omega-3 contents by adding chia 
flour (alfa-linolenic acid) and Echium oil and (stearidonic acid). A desirable 
decrease (P<0.05) in the n-6:n-3 ratio was also observed in all tested for-
mulation (TE, T10CF and T20CF) when compared to Control, with all these 
treatments reaching the nutritional recommendation (n-6:n-3 ≤ 5:1)[7]. How-
ever, no (P>0.05) further improvements were obtained by increasing the re-
placement of beef meat with chia flour form 10% to 20%.

Conclusion
The replacement of 100% added pork back fat (17 g pork back fat /100 g 
product) with of Echium oil (13 g Echium oil/100 g) and the partial replace-
ment of beef meat with chia flour (10 g or 20 g chia flour / 100 g product) 
were effective to improve the lipid profile of Bologna sausages.
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Table 1. Reformulations of Bologna sausages. 
This figure (Table 1) should appear together with Methods part of the 
Abstract

   
Table 2. Fatty acid profile (mean ± standard error) of Bologna sausage. 
This Figure (Table 2) should appear together with the Results part.
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Antimicrobial activity of peptic hydrolysate fractions derived from desalted duck egg white on foodborne 
pathogens in pork chops (#96)

Rommanee Thammasena, Deng C. Liu
National Chung Hsing University, Department of Animal Science, Taichung, Taiwan

Introduction
Chemical additives are widely used to prevent the growth of foodborne 
pathogens and extend meat self-life during refrigerated storage. But con-
sumers’ concern of the chemical additives safety has risen in recent years 
and the demand of natural preservatives in foods has increased (Govaris et 
al., 2010). Several bioactive peptides derived from enzymatic hydrolysates 
have been demonstrated against some selected foodborne pathogens (Al-
mas et al., 2011). Therefore, the aim of the study was to evaluate the antimi-
crobial activity of peptic fractions from hydrolysates of desalted duck egg 
white on 4 selected food pathogens in pork chops during storage at10℃for 
3 days.
Methods
Hydrolysis of desalted egg white solution and fraction-
ation of protein hydrolysates
Desalted duck egg white powder (DDEWP) was prepared according to the 
method of Fu (2016).  A solution was prepared with 15 g DDEWP and 100 mL 
RO then porcine pepsin was added by E/S ratio of 0.3% (w/v). The hydroly-
sis was performed at 37 °C for 9 h. then was stopped by heating at 95 °C for 
10 min. and the supernatant of hydrolysate was collected by centrifugation. 
The supernatant of hydrolysate was fractionated by using UF membranes 
with 100, 30 and 10 kDa MWCO. The fraction with Mw >100 kDa (F-I), 100-30 
kDa (F-II), 30-10 kDa (F-III) and <10 kDa (F-IV) was collected, freeze-dried 
and stored in the moisture proof cabinet, individually.
Antibacterial activity
Agar diffusion method was performed according to the method of Jemil et 
al. (2014).
Minimum inhibitory concentration (MIC)
Minimum inhibitory concentration (MIC) assay was performed according to 
the method of Norberg et al. (2011).
The preparation of pork chop and treatment
A total of 240 pieces of 1 cm thickness of fresh pork chops was divided into 
5 group -control: no treatment; blank: sterile water; DDEWP: 150 mg/mL; 
F-IV-100: 100 mg/mL; and F-IV-150: 150 mg/mL. The culture of four selected 
bacteria: E. coli, S. typhimurium, S. aureus or P. aeruginosa was inoculated on 
the top surface of pork chops in each group, individually, and the bacterial 
level was approximately 105 CFU/cm2. The solution was sprayed on the top 
surface of pork chop with the final concentration at 150 mg/cm2 and100 mg/

cm2 for F-IV-100 sample. Then, samples were packed with polyethylene film 
and kept at 10 °C for 3 days.
Microbial analysis 
Microbial incubation and counts were performed according to the method of 
Northcutt et al. (2008).
Results
Bacterial inhibition zone of peptide fraction of DDEW 
hydrolysate
Four fractions of DDEW hydrolysate exhibited remarkable zone of inhibition 
in the three selected bacteria except of E.coli and the largest zone of inhibi-
tion was observed in F-IV (Mw<10 kDa). The zone of inhibition of F-IV for S. 
aureus, P. aeruginosa and S. typhimurium was 1.07, 1.00 and 0.70 cm /dimeter, 
respectively. However, F-IV showed ineffective inhibition on the growth of 
E.coli and inhibition zone was 0.59 cm  in this research (Table 1).
MIC of peptide fraction of DDEW hydrolysate
The MIC value of four peptidic fraction was shown in Table 1. The MIC value 
of all fractions for S. aureus, S. typhimurium, and E.coli were 150 mg/mL and 
significantly higher than that of  P. aeruginosa (75 mg/mL).
The microbial qualities of pork chops during storage 
In this study the count of S. aureus in all groups were increased during stor-
age (Table 2). Significantly, F-IV fraction exhibited effective retardation on 
the growth rate of S. aureus (p<0.05), and the count of pork chops were sig-
nificantly (p<0.05) decreased with the dose increase. At the end of storage, 
the bacterial counts of F-IV100 and F-IV150 were 5.21 and 5.10 log CFU/cm2, 
respectively. In the growth of E. coli, the F-IV groups also had lower bacteria 
counts than other groups during storage. Especially at day 0, the counts of 
F-IV100 and F-IV150 was 4.75 and 4.53 log CFU/cm2, respectively, signifi-
cantly lower than that of the control (5.18 log CFU/cm2), blank (5.13 log CFU/
cm2) and DSEWP (5.02 log CFU/cm2). The antimicrobial effects of F-IV for 
S. typhimurium were also showed a similar tendency to E. coli. During storage 
S. typhimurium of control significantly increased from 5.56 at 0 day to 5.95 
log CFU/cm2 (p<0.05) at the end. The treatment of F-IV fractions maintained 
lower count of S. typhimurium (p<0.05) compared to the others groups during 
the storage. In the growth of P. aeruginosa, F-IV groups also demonstrated 
good inhibitory efficiency. Notably, the count of F-IV group was (p<0.05) 
lower than the control, blank and DSEWP throughout the whole storage. At 
the initial (day 0), the count of F-IV100 and F-IV150 was < 
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4 log CFU/cm2 and increased to 4.17 and 4.12 log CFU/cm2 respectively at 
the end of storage.
Conclusion
F-IV Mw <10 kDa from hydrolysates of DSEW exhibited significant inhibitory 
efficiency on the selected pathogenic bacteria such as E. coli, S. typhimurium, 
S. aureus and P. aeruginosa due to larger inhibition zone and small MIC value. 
Furthermore, in application for pork chops the F-IV150 also showed signifi-
cant (p<0.05) inhibition on the growth of S. aureus, S. typhimurium, E. coli and 
P. aeruginosa during storage.
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Table 1. Analysis of inhibition zone and minimum inhibitory concen- 
tration (MIC) on selected bacteria 

 
Table 2. Changes in S. aureus, E. coli, S. typhimurium and P. aerugi-
nosa counts in pork chop
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Buffered vinegar dry as an effective listeristatic control measure in cooked ham (#120)

Ines Colle, Anja Verbiest, Glenn De Ceulaer
Kemin, Food Technologies EMEA, Herentals, Belgium

Introduction
Cooked ham is susceptible for growth of pathogens, such as Listeria mono-
cytogenes. European authorities continue to demand more extensive prove 
of food safety by requesting microbial challenge tests. Food products don’t 
support the growth of L. monocytogenes when the growth potential (δ) is 
below 0.5 log10 CFU/g1. If δ exceeds 0.5 log10 CFU/g, the concentration of 
L. monocytogenes at the end of the shelf-life should not exceed the legal 
limit of 100 CFU/g1. Food producers generally use preservatives like lactates 
(E325-E327) and acetates (E261-E263) to safeguard their products. How-
ever, consumers demand more often E-number free foods with ingredients 
they easily recognise. Natural buffered vinegar might be applied for this pur-
pose. The objective of this study was to evaluate the ability of Buffered Vine-
gar Dry to inhibit the growth of L. monocytogenes in cooked ham. In addition, 
the utility of a predictive growth model was assessed.
Methods
Three different cooked hams were produced and contained 0%, 0.5% and 
0.75% Buffered Vinegar Dry. The hams were sliced and inoculated in dupli-
cate with a cocktail of three L. monocytogenes strains up to approximately 
100 CFU/g. After inoculation the slices were MAP packed (30% CO2, 70% 
N2) and stored for 2 days at 4 °C followed by 54 days at 7 °C. L. monocyto-
genes enumeration was performed on a weekly basis. δ was calculated as 
the difference between the highest cell count and the inoculation level. δ 
was also predicted using the Listeria Meat Model developed by the Flemish 
Cluster Predictive Microbiology in Food.
Results
All tested cooked hams showed calculated δ-values higher than 0.5 log10 
CFU/g. In the cooked ham without Buffered Vinegar Dry, outgrowth of L. 
monocytogenes was observed after 14 days of storage. Dry buffered vinegar 
significantly (p<0.05) retarded the growth. Based on the acceptance criteri-
on (< 1 log10 increase of L. monocytogenes2), the shelf-life of the cooked ham 
with 0.5% and 0.75% Buffered Vinegar Dry was increased up to 35 and 56 
days. Calculated and predicted δ‘s aligned for the hams with 0% and 0.5% 
dry buffered vinegar. However, for the ham with 0.75% Buffered vinegar Dry 
δ‘s were divergent.

Conclusion
All tested cooked hams supported growth of L. monocytogenes. Buffered 
Vinegar Dry clearly extended the shelf life and can be used as a label friend-
ly listeristatic control measure by cooked ham producers. Predictive growth 
models are less expensive and time consuming and therefore a useful tool 
for fast screening of antimicrobial hurdles. However, since not all param-
eters are taken into account in the model, predicted δ‘s are less accurate 
and challenge tests remain the most reliable method for data generation of 
pathogenic growth in food matrices.

 
Figure 1
Average Listeria monocytogenes counts (n=2) of cooked ham treatments.  
Significant differences (p<0.05) within each time point are indicated  
with different letters. Error bars represent standard deviations.



Notes

65th International 
Congress of Meat Science 
and Technology

131

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-02-11 

Effect of green tea and rosemary extracts on shelf-life of salted lamb patties. (#180)

Juan B. Franco1, Carolina Realini2, Antonella Goyeneche3, Carolina De los Santos5, Camila Horta3, Rafael Delpiazzo1

1 Facultad de Veterinaria, Departamento de Salud en los Sistemas Pecuarios, Paysandú, Uruguay; 2 Cenur Litoral Norte, Polo de Producción Ovina, Paysandú, Uruguay; 3 Cenur Litoral Norte, Departa-
mento de Tecnología de Alimentos, Paysandú, Uruguay; 4 Facultad de Veterinaria, Departamento de Salud en los Sistemas Pecuarios, Paysandú, Uruguay; 5 Facultad de Veterinaria, Paysandú, Uruguay

Introduction
Meat processing like grinding damages muscle cell membranes facilitating 
the interaction of the unsaturated lipids with pro-oxidants, leading to accel-
erated lipid oxidation. Lamb meat used for processed products usually con-
tains a significant proportion of polyunsaturated fatty acids, which oxidize 
easily (Wood et. al, 1999). Current focus is on antioxidants extracted from 
natural sources such as rosemary, cherry, sage, green tea, among others 
that are rich in phenolic acids, tocopherols, anthocyanins, flavonoids, that 
can inhibit lipid oxidation. The objective of this work was to study the effect 
of the addition of green tea and rosemary extracts on lipid oxidation of salted 
lamb patties.
Methods
Twenty lambs were slaughtered with an average live weight of 35 ± 6 kg. 
Shoulders were boned-out, trimmed, cut into pieces and minced through a 
5 mm plate using a conventional mincer (Gesame, S.L., Barcelona, Spain). 
Minced lamb (15% fat) was divided into three batches, mixed with NaCl (to a 
final concentration of 2%) and antioxidants added as follows: 1) Control (no 
extract added), 2) 400 ppm of Green Tea (GUARDIAN TM 20S, DANISCO) 
extract added and 3) 800 ppm of Rosemary (GUARDIAN TM 75, DANISCO) 
extract added. Patties were packed individually using styrofoam trays and 
overwrapped with oxygen permeable film and were displayed for 9 days in 
a refrigerated cabinet (2±1ºC) without light source. Lipid oxidation was de-
termined in triplicate by measuring 2-thiobarbituric acid reactive substances 
(Jo & Ahn, 1998) at 0, 3, 6 and 9 days of display.
A random plot design with a factorial arrangement of treatments was used. 
An analysis of variance was performed using the MIXED procedure of the 
statistical package SAS version 9.1 (SAS Institute, Cary, NC). Significant dif-
ferences between means were identified by Tukey’s test
Results
There was a significant interaction between days of display and treatment 
effect. At day 0 there were no differences between the treatments with val-
ues lower than 1.5 mg of MDA/ kg of meat.
Table 1. Effect of addition of Rosemary and Green Tea extracts on TBARS 
(mg of MDA/kg of meat) values.

Treatment Control Rosemary Green Tea P

  5.32 X ±0,22 1.56 Y ±0,22 1.07 Y ±0,22 0.0001

Days        

0 1.46 cX ±0,43 0.60 b X ±0,43 0.81 a X ±0,43 0.0001

3 4.85 bX ±0,43 1.62 ab Y ±0,43 0.85 a Y ±0,43 0.0001

6 9.07 a X ±0,43 2.73 a Y ±0,43 1.77 a Y ±0,43 0.0001

9 5.91 b X ±0,43 1.28 ab Y ±0,43 0.82 a Y ±0,43 0.0001

 
X,Y Treatment effect: means within rows with uncommon superscript letters 
are significantly different (P<0.0001).
1. Display time effect: means within columns with uncommon superscript 

letters are significantly different (P<0.0001).
While for days 3, 6 and 9 the treatments with green tea and rosemary ex-
tracts maintained lower TBARS levels compared to the control without differ-
ences in lipid oxidation levels between the 2 types of extracts. The addition 
of green tea and rosemary extracts maintained low levels of lipid oxidation 
(< 2.73 mg of MDA/Kg). Rancidity in sheep meat can be detected when 
values are higher than 4.4 mg of MDA / kg (Soldatou et.al, 2009), indicating 
that without the addition of antioxidants rancidity may develop from 3 days 
of display.
Conclusion
Addition of 400 ppm of green tea extract and 800 ppm of rosemary extract 
were highly effective in reducing lipid oxidation of salted lamb patties and 
prolonging their shelf-life.
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Protease production characteristics of Pediococcus pentosaceus isolated from Harbin dry sausages (#200)

Fangda Sun, Huan Zhang, Baohua Kong
Northeast Agricultural University, College of Food Science, Harbin, China

Introduction
Harbin dry sausage is a traditional Chinese natural fermented meat product. 
P. pentosaceus showed a clear effect on improving the flavour of Harbin dry 
sausage. The objective of the present study was to investigate the production, 
purification and biochemical characteristics of the microbial protease from P. 
pentosaceus R1 isolated from Harbin dry sausages. Enzyme activity, culture 
condition, enzyme kinetic parame ters, were analysed.
 Methods
1. Optimizing culture conditions 
The basic fermentation conditions were incubation time 24 h, initial pH 6, and 
fermentation temperature 37 °C. The fermentation conditions in MRS basic 
medium were sequentially optimized as follows: incubation time (0-96 h), ini-
tial pH of the medium (2-9), and incubation temperature (17-52 °C).
2. Protease preparation and purification 
Fermented broth (500 mL) was added to a clean centrifuge tube, and then 
centrifuged at 10000 ×g for 10 min at 4 °C. The obtained supernatants were 
stored it at 4 °C for further research. We used 80% saturated ammonium sul-
phate to precipitate crude protease, then loaded on DEAE-Sepharose FF col-
umn and gel filtration column, each tube was collected for 10 min. The active 
protease collections were quickly freeze-dried.
3. Estimation of Km and Vmax values 
The maximum velocity of the reaction (Vmax)  and the Michaelis constant (Km) 
of P. pentosaceus R1 protease were determined by using casein as the sub-
strate at various concentrations (2.5-40 mg/mL) to evaluate the enzyme kinet-
ics. The initial rate measurements were used to for fitting of the curve to the 
Michaelis-Menten equation. 
Results
1. Effect of fermentation time, initial pH, and fermentation temperature on crude 
protease production
Fig. 1A shows the the crude protease activity first increased (0-36 h) and then 
decreased (36-96 h) with increasing fermentation time. The protease activity 
reached the maximum value of 47.60 U/mL at 36 h and was significantly high-
er than the protease activity of other fermentation times (P<0.05); then, the 
activity decreased rapidly to approximately 4.6 U/mL after 96 h.
As shown in Fig. 1B, with increasing pH, the optimum initial pH of P. pentosa-
ceus R1 protease production was 4, and the corresponding protease activity 
reached 48.70 U/mL; the enzyme activity then decreased monotonically to 
11.66 U/mL at pH 9. The different initial medium pH (acidic or alkaline medium) 

has a significant effect on the protease production by P. pentosaceus R1.
Fermentation temperature is another critical parameter that affects the micro-
bial cell growth and enzyme production . The protease production was rela-
tively low at 17 °C (20.30 U/mL) and achieved maximum activity of 50.25 U/mL 
at 42 °C; protease production then decreased rapidly when the fermentation 
temperature was above 42 °C (Fig. 1C). 
According to the above results, the relative high protease activity was ob-
tained in the sample with incubation 36 h, initial pH 4, and incubation tem-
perature 42 °C.
2. Protease purification
Fig. 2 shows the purification curve of ion exchange chromatography and gel 
filtration. Two protease activity peaks were observed in ion exchange chro-
matography and the highest protease activity peak was found for fractions 
4-8. The gel filtration curve (Fig. 2B) has two peaks in fractions 12-22 and 
29-37, but the protease activity was obtained only at the first peak (12-22), 
so we combined these fractions and used this sample as a purified protease 
preparation. A 29.6 kDa extracellular protease was purified using ammonium 
sulphate precipitation, ion exchange layer and gel filtration (Fig. 2C).
3. Determination of protease kinetic parameters
The kinetic parameters of P. pentosaceus R1protease was shown in Fig. 3. Mi-
chaelis-Menten plot of the protease reveals maximum velocity and Michaelis 
constant of the protease. The solid curve is the non-linear fit of the Michae-
lis-Menten data. The Lineweaver-Burk plot transformation of the previous plot 
was shown as the inset of the picture. From these plots, Vmax and Km were 
measured as 43.9 mg/min and 8.3 mg/mL, respectively, which is promising 
for application in fermented meat products due to the reaction speed and 
substrate affinity. The above conclusion indicated that the Km value of P. pento-
saceus R1protease was higher than that of the partial microbial protease; this 
observation shows that the protease was only weakly able to bind to the sub-
strate, possibly due to the differences in the strain and the enzyme structure.
Conclusion
P. pentosaceus R1 showed higher enzyme production capacity and crude en-
zyme activity at 36 h fermentation time, initial pH 5 and fermentation tempera-
ture 30 °C. A 29.6 kDa extracellular protease was purified using ammonium 
sulphate precipitation, ion exchange layer and gel filtration. Vmax and Km of 
the protease were 43.9 mg/min and 8.3 mg/mL, respectively. In conclusion, P. 
pentosaceus can be used as a starter culture or enzyme producing strain to 
inoculate Harbin dry sausages.
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The Michaelis-Menten of protease 
Fig. 3. The curve is the non-linear fit of the Michaelis-Menten data.
The inset shows the Lineweaver-Burk plot. The Vmax and Km were 43.9 
mg/min and 8.3 mg/mL, respectively. 

Protease purification 
Fig. 2. (A) Ion exchange pattern of the protease from P. pentosaceus 
on DEAE-Sepharose FF. (B) The separation effect of Sephadex G-75 
Chroma-tograph on P. pentosaceus protease. Protein content was ex-
pressed as the absorbance at 280 nm. Protease activity was expressed 
as the absorbance at 680 nm. (C) SDS-PAGE results for the protease 
from P. pentosaceus. Lane MW, molecular weight of protein standard; 
Lane 1, crude protease; Lane 2, ammonium sulphate precipitation; 
Lane 3, DEAE-Sepharose FF; Lane 4, Sephadex G-75.
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Effects of fermentation time , initial pH and temperature  on the 
protease activity 
Fig. 1. Effects of fermentation time (A), initial pH (B) and fermenta-
tion 
temperature (C) on the P. pentosaceus protease activity. Error bars 
refer to the standard error obtained from the analysis of triplicate 
samples. Different letters (a-j) indicate the significant differences 
of 
crude protease activity at different fermentation times (P＜0.05).
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In situ characterization and analysis of extracellular polymeric substances of Pseudomonas fluorescens biofilms in 
the presence of acidic electrolyzed water (#227)

Linlin Cai, Changbo Tang, Huhu Wang, Xinglian Xu, Guanghong Zhou
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China 

Introduction
Against the increase of bacterial resistance, acidic electrolyzed water (AEW) 
is considered as promising alternative. However, bacteria in adhered biofilms 
(AB), including the detached biofilms (DB) triggered by environmental chang-
es, are more resistant to disinfectants than the planktonic cells. Extracellular 
polymeric substances (EPS) plays an important role in biofilm adhesion to sur-
faces and resistance to disinfectants. A better understanding of tolerance ac-
tion can be possible by gaining more insight into the changes of composition 
and content of EPS inside the biofilms induced by AEW. Such a goal is possi-
ble by probing and tracking in situ the changes combining Raman and ATR-
FTIR spectroscopy and verifying with the chemical analysis. The aim of this 
work was to assess the potential of this physicochemical approach to in situ 
monitor the changes  of  EPS  in  Pseudomonas  fluorescens  adhered  and de-
tached biofilms induced by disinfectants.
Methods
AEW treatment
For AB, a single stainless-steel coupon containing biofilms was rinsed three 
times with sterile 0.9% NaCl solution.  The coupons were subsequently im-
mersed  in sterile 0.9% NaCl as a control or 20 and 60 mg/L AEW solutions 
for 10  min. The coupons  were then  immersed in neutralizing buffer solution 
(phosphate-buffered saline containing 0.8% sodium thiosulfate, pH 7.2) to stop 
the bactericidal effects of AEW. After rinsing, the biofilms were gently scraped 
from coupons into sterile 0.9% NaCl solution as DB, followed by their exposure 
to sterile 0.9% NaCl solution as a control or 20 and 60 mg/L AEW for 10 min. 
Neutralizing buffer solution was subsequently used to stop bactericidal effects.
Raman analysis
Raman spectra were acquired with a laser (633 nm) for excitation. Light was 
focused onto the sample through a 50× objective. The wavenumber range from 
2000 to 400 cm-1 with the accumulation of 5, an acquisition time of 60 s and 
a grating of 600 lines/mm were collected for each sample.
ATR-FTIR analysis
ATR-FTIR spectra  from 2000 to 800  cm-1  were acquired with an ATR-FTIR 
spectrometer with 2 cm-1 spectral resolution and 32 scans. A 300 μL aliquot 
of DB suspensions was transferred to the ATR crystal, and then transmission 
spectra were recorded as mentioned above. Appropriate spectra were used to 
remove the spectral background: a NaCl solution spectrum for DB and a stain-
less steel plate spectrum for AB.
Chemical analysis 

Loose EPS (L-EPS) and bound EPS (B-EPS) were extracted using EDTA meth-
od. Cells were centrifuged  and the supernatants were filtered through a 0.22-
μm membrane, resulting in filtrate representing L-EPS. For B-EPS, the sediment 
was adjusted to a final cell density of ∼5 mg wet-cell-biomass/mL. An equal 
volume of 2% Na2-EDTA was added to the cell suspension, and the mixture was 
incubated at 4°C for 3 h. The cells were pelleted by centrifugation and super-
natants were filtered through a 0.22-μm membrane. EPS were purifed using 3.5 
kD dialysis membrane. The carbohydrate content was measured using phe-
nolsulfuric acid method, and protein content was measured using Pierce BCA 
protein assay kit.
Results
Raman analysis
The Raman spectra of AB was significantly different from that of DB (Figure 
1), which means a different chemical composition between two kinds of biofilms. 
AB have more richer bands which represent protein and carbohydrate. For one 
kind of biofilm, there were some difference in the variation of spectra after treat-
ment of 20 and 60 mg/L AEW. Some characteristic bands  were weakened 
or disappeared, especially after the treatment of 60 mg/L of AEW. For AB, we 
found that the peaks near the bands of 855-878 cm-1 were  absent in all spec-
tra of treatment groups. 
ATR-FTIR analysis
For DB, spectra of all  treatments  displayed slight  signals in the  range from 
1200 cm-1 to 2000 cm-1, however the spectra of AB showed several more intense 
and significant peaks (Figure 2), indicating that there were many compounds 
in AB. The bands of 1548 cm-1 and 1647 cm-1 were assigned to proteins, and 
the bands of 1400, 1453 and 1237 cm-1 were associated with fatty acid, proteins, 
and phosphorus-containing carbohydrates. These substances  were  import-
ant component of mature biofilm. From the variations in biofilm spectra with the 
treatment of AEW, we found that the decrease of EPS was concentration-de-
pendant, especially for bands associated with carbohydrate and proteins.
Chemical analysis
AEW treatment had a remarkable effect on EPS consumption, with significant 
difference (P<0.05) in protein and carbohydrate contents of the EPS in both 
biofilms, especially those of B-EPS (data not shown). We found that the protein 
content was higher than the carbohydrate content in the EPS of both biofilms. 
Cells in DB had insufficient EPS protection than AB, meaning less limited diffu-
sion and a greater penetration of AEW. More antimicrobic ingredients can get 
inside the cells, thereby leading to more cell death.
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Conclusion
According to our results of spectra and chemical analysis, DB and AB have 
different contents and composition of EPS The protein and carbohydrate were 
decreased by AEW, especially those of DB, which could lead to different ex-
tent death. These findings will be instructive for the important targets of biofilm 
control.

 

Fig. 2 ATR-FTIR spectra of Pseudomonas fluorescens (A) detached biofilm 
and (B) adhered biofilms

Fig. 1  
Raman spectra of Pseudomonas fluorescens (A) detached biofilms and (B) 
adhered biofilms.
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The use of hypobaric chambers for shelf life preservation of lamb loins (#257)

Stephanie M. Fowler1, Lorraine Sphor2, Norm Blackman3, David Hopkins3, The authors would like to thank John Archer, Cassius Coombs, Matt Kerr 
(NSW DPI) and Gerlane DeBrito (São Paulo State University, Jaboticabal, Brazil) for their assistance and the Australian Meat Processor Corporation for 
funding the research.
1 NSW Department of Primary Industries, Centre for Red Meat and Sheep Development, Cowra, Australia; 2 2NSW Department of Primary Industries, 3Centre for Greenhouse Horticulture and Market 
Access, Ourimbah, Australia; 3 2 Sandra Place, Seaforth, Australia

Introduction
Consumer demand is increasing for premium imported lamb in wet markets 
and as consumer demands increase, methods for export complimentary to 
live export will be required to ensure demand can be met. Improvements in 
hypobaric chamber technologies have resulted in the use of such chambers 
to transport perishables. Therefore, the use of hypobaric chambers to main-
tain shelf life of lamb loins was explored.
Methods
Loins from 24 lamb carcases were collected 24 hr post mortem and sections 
were excised for microbiology and oxidative stability tests (TBARS). Loins 
were then weighed and assigned to one of three treatment groups; vacu-
um packaged (control), CO2 hypobaric chamber and air hypobaric cham-
ber. After 5 weeks storage in the treatment at 0°C, loins were removed and 
reweighed (to determine purge) before sections were excised to measure 
pHu, microbiological load, retail colour stability, TBARS and carbonyl con-
tent [1, 2]. This was replicated 4 times (n = 96). REML mixed models with 
replication, chamber and side of the carcase as random effects were used to 
determine if a significant difference between treatments was present. Micro-
biological data was analysed using a comparison of 95% confidence inter-
vals for proportions, generalised linear models with poisson errors or log link 
function for counts and generalised linear models with binomial errors and 
logit link function for proportions.
Results
Purge for loins stored in hypobaric chambers was more than double the 
purge for loins stored under control conditions. As it is the loss of fluid from 
extracellular channels when meat is exerted to the pressure of vacuum 
packaging, it is likely that the storage of the loins in hypobaric chambers un-
der continual vacuum conditions facilitated the loss of a greater percentage 
of water as ageing alters the structure and net charges of the myofibril and 
immobilised water migrates to extracellular channels where it can be lost [3].
There was a significant difference in the decline of a* values as the air cham-
ber treated loins fell below the consumer threshold after 2 days of stimulated 
retail colour display (P <0.001). Furthermore, the loins treated in both cham-
bers fell below the threshold of the 630/580nm ratio on day 2, while those 
in the control group did not fall below the threshold until day 3. It is hypothe-

sised that these changes in colour stability are the result of altered oxidative 
capacity as isocitrate dehydrogenase activity has been shown to affect the 
630/580nm ratio [4]. However, denaturation of myoglobin from cellular dis-
ruption during storage has also been implicated [2].
The significant increase in Enterobacteriaceae found for loins held in the CO2 
chamber and significantly higher counts of B. thermosphacta found on loins 
held in both hypobaric chambers indicate that the combination of pressure, 
humidity and temperature used in this study did not produce an environ-
ment which was inhospitable to microbial growth. While research on pack-
aging suggests that CO2 can affect meat pH in modified atmosphere pack-
aging (MAP) [5], pH was not found to significantly differ between treatment 
groups. Given that counts of B. thermosphacta and Enterobacteriaceae have 
been associated with oxygen availability during storage [6], it is likely that 
the conditions in the chambers using CO2 and air did not create the anaero-
bic environment required to inhibit such microbial growth.
 
Conclusion
Overall, this study indicated that there is a limited ability to utilise hypobaric 
chambers with CO2 and air to store fresh lamb for a period of 5 weeks. Lamb 
loins held under hypobaric conditions yielded higher purge loss, increased 
discolouration during stimulated retail display and higher counts of B. ther-
mosphacta and Enterobacteriaceae compared to those stored in vacuum 
packaging at the same temperature.
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Table 1 
The predicted means for each trait measured across the treat-
ment and control groups with the least significant differenc-
es (LSD) of means and the standard error (s. e.) of the mean. 
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Evaluation of physico-chemical parameters of aging lamb meats from “Castilla León” (#274)

Belén Goméz1, Paulo Eduardo S. Munekata1, Raúl Bodas2, Daniel Franco1, Francisco Allan L. Carvalho3, Mirian Pateiro1, Roberto Bermúdez1, 
José Manuel Lorenzo1

1 Centro Tecnológico de la Carne de Galicia, Ourense, Spain; 2 Instituto Tecnológico Agrario de Castilla y León, Valladolid, Spain; 3 University of São Paulo, College of Animal Science and Food Engineer-
ing, Department of Food Engineering, Pirassununga, Brazil 

Introduction
The sustainability of sheep meat production systems relies upon their eco-
logical footprint, animal welfare aspects and nutritional quality of lamb. The 
promotion of changes in farm management could result in useful outcomes 
to understand the potential barriers that limit the development of the sector 
and the promising opportunities to provide a future solid market. In order to 
explore the opportunities generated from this approach, the preservation of 
meat quality is necessary (Montossi et al., 2013). Shelf life and quality of fresh 
meat are influenced by initial quality, package parameters, and storage con-
ditions (Zhao, Wells, & McMillin, 1994). Likewise, parameters such as colour, 
microbial growth, lipid oxidation, appearance, flavor and texture (Gómez & 
Lorenzo, 2012) determine shelf life and consumer acceptance of fresh meat. 
These parameters are influenced by factors like aging time and breed. The 
present study aimed to evaluate the impact of aging time (3, 9, and 15 days 
at 4 °C) on pH, color, texture, and lipid oxidation of Castellana and INRA401 
lamb meat.
Methods
All handling practices followed the recommendations of the Directive 2010/63/
EU of the European Parliament and the Council of the European Union (2010). 
Five Castellana and five INRA401 male lambs (already weaned, 6 to 8 weeks 
old) were used. Animals from each breed were housed together with straw 
bedding and had free access to commercial concentrate (894 g DM/ kg fresh 
matter, 145 g neutral detergent fibre/kg DM, 58 g acid detergent fibre/kg DM, 
190 g CP/kg DM and 75 g ash/kg DM), cereal straw (917 g DM/kg fresh mat-
ter, 785 g neutral detergent fibre/kg DM, 506 g acid detergent fibre/kg DM, 
40 g CP/kg DM and 78 g ash/kg DM) and fresh water during the whole ex-
periment. At 4 months old, they were transported to a commercial abattoir (1.5 
h transport), stunned, slaughtered by exsanguination from the jugular vein, 
eviscerated, and skinned to obtain the carcass (chilled at 4 °C for 24 h). Lamb 
meat samples (longissimus thoracis) were collected and the effect of aging 
(4 °C) on pH, color (lightness (L*), redness (a*) and yellowness (b*)), TBARs 
and texture were evaluated on days 3, 9 and 15 after slaughter according to 
Lorenzo et al. (2014). Data were analyzed using a two-way ANOVA procedure 
followed by a Duncan’s test. The differences were considered to be significant 
at P<0.05.
Results
Both pH and color were influenced by aging time (Table  1). Regarding the 

breed effect, significant differences were observed on pH (days 3 and 15), 
L* and b* values. In the case of a* value, the significant difference between 
breeds was observed only on day 9. The same gradual increase of pH during 
aging period was reported by Zhang et al. (2013) for Tan male sheep meat 
during aging (from 5.69 to 5.75 on day 2 and 8, respectively). This effect could 
be attributed to proteolysis. Regarding color, other authors observed that L* 
and b* values were not influenced after 7 days of aging on Awassi ram lamb 
meat (Abdullah & Qudsieh, 2009). The increase on a* value during aging was 
reported by other authors on ovine meat (Abdullah & Qudsieh, 2009; Abuelfa-
tah et al., 2016). Regarding texture, firmness gradually decreased during aging 
time for both breeds but total work and shear force of Castellana samples 
reduced over time (Table 1). The breed effect was observed for all texture pa-
rameters on 3 and 9 days of aging wherein Castellana meat displayed higher 
values than INRA401 breed meat. Similar decreasing trends in the texture of 
ovine meat during aging were reported by Abuelfatah et al. (2016) for crossed 
Boer bucks’ meat but in a lower range of values (from 1.25 to 1.12 on days 1 and 
7, respectively). Finally, TBARs values (Figure 1) increased progressively and 
significantly (P<0.001) during aging time but non-significant differences were 
observed between breeds. This increasing trend on TBARS values during ag-
ing was reported by other authors with ovine meat during 7 days of aging 
(Abuelfatah et al., 2016). It is worth mentioning that TBARS values for both 
breeds were below the threshold (2 mg MDA/kg meat) identified by Campo et 
al. (2006) for sensorial perception of rancidity.
Conclusion
Most of the characteristics of the meat obtained from both breeds were influ-
enced by aging time. The lower texture values observed in meat from INRA401 
lambs suggest that this breed could be explored for commercialization pur-
poses after 9 days of aging.
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Antimicrobial effect of combination of phenolic acids and bacteriocins against Salmonella in meat products (#279)

Panagiotis Chanos, Anna M. Erdwiens, Corinna Stuehmeier, Christian Hertel
German Institute of Food Technologies, Biotechnology, Quakenbrück, Germany

Introduction
Food relevant Gram-negative bacteria are resistant to known natural anti-
microbials used in the industry mainly due to the structure of their cell wall. 
The cell wall of Gram-negative bacteria is fortified with an outer membrane 
predominantly composed by lipopolysaccharides which are stabilized with 
bonds of divalent cations and confers additional resistance against certain 
antimicrobials. It is known that destabilization of the membrane by chelation 
of divalent cations with EDTA for example can greatly improve the impact of 
antimicrobial molecules, like bacteriocins, on Gram-negative bacteria. How-
ever natural chelators of Ca2+ and Mg+2 with good chelating activity at near 
neutral pH have not been described.
Published research has shown that some phenolic acids can destabilize the 
outer membrane of Gram-negative bacteria by chelation of divalent cations. 
As an example, 3,4-dihydroxyphenylacetic acid and 3-hydroxyphenylacetic 
acid increased the susceptibility of S. enterica subsp. enterica ser. Typhimuri-
um strains to the hydrophobic antibiotic novobiocin. The purpose of this 
study was to investigate the potential of several phenolic acids to enhance 
the activity of natural antimicrobial peptide Nisin against several Salmonella 
and E. coli strains in vitro and at different food relevant pH. A further goal was 
to investigate the activity of favorable mixtures of Nisin and phenolic acids 
against Salmonella in a raw fermented sausage model.
Methods
The antimicrobial activity of different phenolic acids and Nisin against Salmo-
nella and E. coli strains was evaluated with the microdilution assay in 96-well 
microtiter plates at pH 5, 5.5 and 6. The antimicrobial activity was expressed 
as Minimum Inhibitory Concentrations (MIC). Furthermore, the combinatory 
antimicrobial effects of Nisin with different phenolic acids against Salmonella 
and E. coli strains was investigated at pH 5.5 using the Fractional Inhibitory 
Concentration (FIC) assay. All in-vitro assays were done in biological tripli-
cates.
The effectiveness of the antimicrobial mixtures in-situ was evaluated in a 
meat batter for traditional German raw fermented sausages (Zwiebelmett-
wurst) containing 100% pork meat with fat concentration of approx.   5% 
(w/w), curing salt (2.8% w/w), spice mix (1.2% w/w) and commercial start-
er culture. The batter was inoculated with a cold adapted Salmonella strain 
cocktail at 106 CFU/g. The fermentation of was done in plastic cups with 
screw lids (30 g) at 24 °C for 24 hours followed by storage of 4°C for up 
to 14 days. Microbiological analysis was done using a modification of the 

ISO 6579:2002 MPN method and in triplicate. Sampling for microbiological 
analysis was done at t=0 h and at t = 24 h of fermentation and thereafter at 
regular intervals during the cold storage. Positive (no antimicrobial but with 
Salmonella) and negative controls (no antimicrobial and no Salmonella) were 
included. Measurement of pH was done on all samples taken for microbio-
logical analysis.
Results
Statistically significant differences (p=0.05) of the MICs of different phe-
nolic acids were shown against the same target microorganisms. The ac-
tivities were pH dependent i.e. lower pH increased the activity against all 
target strains. In general, 3-phenylpropionic acid was the most active of the 
phenolic acids tested. Also S. Typhimurium exhibited higher tolerance than 
S. Enteritidis against all phenolic acids tested. Furthermore, E. coli was in 
general more susceptible to the phenolic acids tested than Salmonella. Ni-
sin exhibited little to no activity against Salmonella depending on the pH. A 
slight synergistic activity was detected between 3-phenylpropionic acid and 
Nisin. The combination of 3-phenylpropionic acid and Nisin at three different 
concentrations and at pH 5.5 was used in the meat model against a pool 
of Salmonella. A reduction of approx. 1.5 log10 MPN/g in Salmonella counts 
compared to the initial counts and an approx. 1 log10 MPN/g difference com-
pared to the positive control was detected within the first 2 hours of fermen-
tation at 24 °C. A linear reduction of Salmonella counts was observed in the 
samples with the highest antimicrobial concentration which over the 14-day 
shelf life exceeded 3 log10 MPN/g. The pH of the control samples devel-
oped normally reaching pH 5.4 within 24 hours while the pH of the samples 
containing antimicrobial mixtures increased slightly and stabilized at pH 5.7.
Conclusion
The synergistic activity of bacteriocin and phenolic acid was able to signifi-
cantly inhibit Salmonella in the meat product and its efficacy was concen-
tration dependent. A first rapid reduction of the pathogen counts as well as 
a sustained inhibitory effect throughout the shelf-life was achieved. How-
ever, the antimicrobial mix inhibited the starter culture and led to higher pH 
compared to the controls. The development of resistant starter cultures may 
enhance the effect of the antimicrobial combination due to the decrease of 

the pH during fermentation.
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Cleaning 2.0 – We need a revolution (#297)

Lene Meinert
Danish Meat Research Institute, Food Safety, Taastrup, Denmark

Introduction
Cleaning and disinfection are crucial for obtaining a high level of food safety, 
and food safety is “licence to produce”. And yet, today, cleaning in the food 
industry is performed as it has been done for many decades. This is quite 
interesting, considering the significant development other areas within the 
food industry have gone through, just think about automation on the pro-
duction line.
Every year, huge sums of money are lost due to cleaning mistakes, e.g. 
equipment is ruined due to the use of wrong chemicals, equipment is not 
properly cleaned, which results in delays in the upstart of production etc. 
We need to do better!
Cleaning is under pressure
The production hours increase – we talk about 24/7 production, leaving less 
and less time for cleaning. The environmental footprint from meat production 
– including cleaning – must decrease, which causes cleaning to be complet-
ed with the use of less chemistry and less water but ensuring the same high 
level of food safety as before. This constitutes a huge challenge. Therefore, 
the entire value chain including producers of cleaning formulations, produc-
ers of production line equipment, food producers, cleaning companies, the 
cleaning assistant on the floor during night hours and many more must join 
forces to solve this challenge.
Methods
Old school cleaning and disinfection
Cleaning in the food industry is generally following the same framework: 1) 
preparing equipment for cleaning, 2) initial rinsing/scrubbing, 3) lay out foam 
(soap), 4) rinse, 5) lay out disinfection (may be as foam), 6) rinse and 7) dry-
ing. The level of cleanliness follows a simple equation:
Cleanliness = chemistry (cleaning formulations) + temperature + time + 
mechanical actions
So, if one of the four parameters is decreased, e.g. time, then one or more of 
the others must be increased to obtain the same level of cleanliness. This 
clearly underlines the challenge at hand.
Results
Ideas for cleaning 2.0
Cleaning during production
This is not really a new idea, and cleaning during production is already seen 
in parts of the meat industry. However, it could be applied more broadly. It 
requires “green chemistry”, which does not add hazards to the products. 

Therefore, this approach must be carefully developed in a joint venture be-
tween food producers, producers of equipment and cleaning companies. The 
main task is to be able to remove unwanted organic residues thus avoiding 
bacteria to proliferate in hidden segments (niche) and from there contami-
nate the products with either spoilage bacteria or bacteria causing illness.
Frequency cleaning
The idea of frequency cleaning is to perform a predefined cleaning proce-
dure with predefined intervals. The frequency cleaning is to be less com-
prehensive compared to the daily cleaning and may in some cases replace 
the daily cleaning. The more comprehensive cleaning can be performed e.g. 
every second or third day if the frequency cleaning keeps the production line 
at an acceptable level of cleanliness.
Water reduction through reuse
DMRI has ongoing research within reuse of water in the slaughterhouses. 
Rinsing water from one area is analysed for the level of microorganisms, 
different water cleaning technologies are applied, the effect is documented, 
and finally a risk assessment is performed to evaluate whether the produced 
water quality matches the requirements of e.g. rinsing water for use in an-
other area. In this way, the total water consumption of a slaughterhouse can 
be reduced.
Different production areas – different requirements
Different areas in a meat production company have different requirements 
for cleaning and disinfection. Taking the slaughterhouse as an example, the 
slaughter line and the deboning/cutting areas are cleaned every day at the 
end of production. The chill room is cleaned less frequently, which makes 
perfectly good sense. Could the idea of different requirements be taken to 
the next level?
Objective inspection of cleaning 
A visual inspection is performed during the time from the cleaning is com-
pleted and before the start-up of production. It is mandatory and typically 
performed by the quality department. Even though the inspection is thor-
ough and as objective as can be, it is still “people-reliant”. Adding a “sys-
tem-reliant” objective measure will not only increase the documentation of 
the performed cleaning inspection, but it will also add valuable data for pro-
active improvement of the cleaning performed. DMRI are now looking into 
the use of hyper spectral vision for cleaning inspection focussing on the 
measurement of fat residues on equipment.
Conclusion
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When is clean – clean enough?
This is the fundamental question and the basis of all alterations to be de-
veloped related to what we know as traditional cleaning today. Chang-
es are inevitable and must be well tested to obtain a high level of food 
safety. The food producers also need to ensure that the cleanliness 
comply with customer demands and guidelines given by authorities. 
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Effect of active packaging with green tea and oregano oil on the shelf-life of cooked ham (#300)

Sol Zamuz, Roberto Bermudez, Laura Cutillas-Barreiro, Noemi Echegaray, Laura Purriños, Mirian Pateiro, José Manuel Lorenzo, Daniel Franco
Centro Tecnologico de la Carne de Galicia, San Cibrao das Viñas, Spain

Introduction
One of the main concerns of the meat industry is protecting meat products 
to increase its shelf life as well as ensuring its safety and quality. To achieve 
this goal, over the last years there has been an increasing interest in the 
bio-based packaging materials as edibles films and coatings as packaging 
materials for preserving meat products quality [1]. In a previous studies, the 
use of rosemary active film [2], green tea film and oregano oil film [3] result-
ed in enhance oxidative stability of fresh meat, hence it could be interesting 
know their effects on manufactured cooked meat products. Thus, the aim of 
this study was to evaluate the effect of active packaging with incorporation 
of green tea extract and oregano oil on main physicochemical parameters 
during shelf-life (0-21 days) of sliced cooked ham
Methods
Fresh pieces of pork legs were purchased at local market. The whole pieces 
were deboned and cleaned of connective tissue in order to facilitate the 
brine penetration. Then pork legs were injected with 2% brine solution con-
taining sodium chloride (10.8%), dextrose (3%), polyphosphates (1.8%), carra-
geenan (1.8%), ascorbic acid (0.6%), ham aroma (0.6%), sodium nitrite (0.3%) 
and color additive (0.05%). Injection was performed using a injector machine 
at 2-4 bars and 7 ºC. After the injection process a short period of time was 
necessary in order to obtain an adequate brine homogenization inside the 
piece. Afterward, a maceration process for 5 hours (temperature controlled 
of 5 ºC and cycles of movement each 20 min) was carried out. Then, ham 
pieces were packed on vacuum plastic bags and cooked in a cooking kettle 
until reach an internal temperature of 75 ºC. Finally, after the cooking stage, 
cooked ham was refrigerated until reach an internal temperature of 6 ºC for 
12 hours.
Cooked ham pieces were cut in slices and stored in polystyrene tray. Sam-
ples were randomly divided into three batches. The first batch (control) was 
packaged without active film; the second batch was packaged with active 
film contained green extract (1%) and the third batch was packaged with 
active film contained oregano essential oil (2%). The active packaging was 
prepared by ARTIBAL, S.A. (Sabiñánigo, Spain) under European Patent EP 
00380302.4. All cooked ham slices were packaged with a gas mixture of 
70% N2 /30%CO2 supplied by PRAXAIR (Madrid, Spain).
The pH values (digital portable pH-meter equipped with a penetration 
probe), color parameters (portable colorimeter to estimate cooked ham color 
in the CIELAB space), water activity (aw), TBARs (mg MDA/Kg sample), 

chemical composition and textural parameters (TPA) were determinate ac-
cording to Pateiro et al. [4]. An ANOVA using the GLM was performed for all 
variables considered in the study and LSM were separated using Ducan’s 
test (p<0.05) using the IBM-SPSS Statistics 23.0 program.
Results
The chemical composition of cooked ham was only determinate on the first 
day: 77.66% moisture, 2.31% intramuscular fat, 14.14% protein and 3.04% ash-
es. All pH values of three batches during shelf-life ranged between 6.12 and 
6.56, which is a normal range for cooked ham, while the average content 
for water activity was 0.97. There was no significant effect (p≥0.05) of the 
natural antioxidants used in the active films for pH and aw parameters. Lipid 
stability was evaluated using TBARs index and all values were <0.01 even 
the last day (21 day) which could be due to the low fat content the cooked 
ham samples. In addition this level of oxidation was insignificant and below 
the threshold for rancidity (2mg MDA/kg) proposed by Campo et al. [5]. The 
textural parameters of the three cooked ham batches during their shelf-life 
are shown in Table 1. At 21 day all determinate textural parameters showed 
significant differences (p<0.05), except the cohesiveness. The control batch 
presented higher values the hardness (N), springiness (mm), gumminess (N) 
and chewiness (N.mm) than batches stored with active package composed 
by green extract and oregano oil, respectively. There was no a clear pat-
tern in the evolution of textural parameters among batches, probably due to 
high variability on samples of sliced cooked ham. When color parameters L*, 
a* and b* were assessed during shelf-life, no significant differences (p<0.05) 
were observed among batches (Figure 1). These results could be explained 
in part by the fact that color stability in cooked meat products is higher than 
in raw meat, at least during the storage time evaluated in this study, indicat-
ing the null effect of natural antioxidants respect to control.
Conclusion
The use of active film contained both green tea extract and oregano oil did 
not show a preservative effect during shelf-life of cooked ham. Therefore, 
further work need to be done to establish whether concentration is optimum 
as well as explore other conditions in order o test the film active packaging 
capacity to prolong the shelf-life of cooked ham and to preserve its quality.
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Effect of meat product components on the tolerance of Salmonella bacteriophages against high hydrostatic 
pressure (#313)

Timo Bardischewski1, Vera Haskamp1, Horst Neve2, Charles Franz2, Christian Hertel1

1 German Institute of Food Technologies, Biotechnology, Quakenbrück, Germany; 2 Max Rubner-Institut, Institute for Microbiology and Biotechnology, Kiel, Germany

Introduction
Numerous foodborne diseases are associated with consumption of meat 
and meat products. Among the pathogens involved, Salmonella is still of im-
portance regarding products made from poultry meat and pork. Beside the 
use of traditional chemical preservation techniques or alternative process-
ing technologies like high pressure processing (HPP), biocontrol techniques 
like the use of protective cultures or bacteriophages have attracted great 
attention from the food processing industry, as they are increasingly recog-
nized as a natural solution. Due to the specificity of bacteriophages, phage 
biocontrol offers the opportunity to tackle pathogens in foods specifically, 
without altering the indigenous food microbiota. Phage-based products as 
safeguards against pathogens in the food chain have already been placed 
on the market.
Research data and practical experience has shown that complete elimina-
tion of Salmonella cells in foods can hardly be achieved by the sole use of 
phages, especially in processed food products due to the great increase 
of surface area taking effect with processing. Thus, an obvious solution 
would be to combine phage biocontrol with other antagonistic principles. 
The non-thermal decontamination by HPP has been described as a valuable 
tool for meat products. However, the use of HPP is restricted to moderate 
pressure conditions, in order to avoid detrimental sensory quality effects due 
to protein denaturation. In this study, the sensitivity of Salmonella phages to 
high pressure was investigated under consideration of potential protective 
effects that some food components may have.
Methods
In this study the Salmonella bacteriophage DIL 5302 was used, belonging 
to the Myoviridae family. The counts of biologically active phage particles 
in solutions or in phage inoculated food was determined using the bacte-
riophage plaque assay and Salmonella Derby as host organism. The results 
are expressed as plaque forming units (pfu) per ml or g. The integrity of 
the phage morphology was evaluated by transmission electron microscopy 
(TEM). High pressure treatment of solutions or foods was performed using 
the Hiperbaric 55 equipment.
Results
To investigate the effect of typical food components like sugar, protein and 
salt on the stability of phage particles, their activity in solutions containing 
sucrose (5 % to 10 % w/v), albumin (5 % to 15 % w/v), peptone (1% to 10% 

w/v) or sodium chloride (5% to 15 % w/v) during storage at 4 °C for up to 8 
days were determined. Sucrose, albumin and peptone did not affect the bio-
logical activity of phage DIL 5302, whereas in the presence of sodium chlo-
ride the activity was reduced by up to 3 log pfu after 8 days. Furthermore, 
after inoculation of the phages into minced pork meat, their biological activity 
remained unchanged for up to 7 days of storage at 4 °C.
The effect of high pressure treatment on the biological activity of phage DIL 
5302 was investigated in phosphate buffered saline (PBS) containing ap-
proximately 108 pfu/ml. Treatment at 200 MPa for 1 min resulted in reduction 
of only 1 log pfu, whereas at 300 MPa for 1 min nearly all phage particles 
were inactivated. Compared to the treatment at 250 MPa for 1 min, for which 
also no effect has been observed, the extension of treatment time up to 
3 min resulted in an approximately 1 log pfu reduction. The addition of 10 
% (w/v) sucrose or 10 % (w/v) peptone contributed to an increase in the 
tolerance of phages to HPP, whereas lower concentrations of sucrose and 
peptone as well as 1 % to 10 % (w/v) sodium chloride resulted in greater ac-
tivity reduction rates than in a control phage solution in PBS. Investigation 
of the phage morphology after HPP by TEM revealed the inactivation was 
due to destructions of tail fibers or to the contraction of phages resulting in 
empty heads.
HPP of minced pork inoculated with 107 pfu/ml revealed that treatments up 
to 250 MPa for 1 min did not affect the biological activity. The application 
300 MPa for 1 min resulted in a reduction of only 2-log. Similar results were 
obtained in cooked fermented pork meat.
Conclusion
Food components like carbohydrates and proteins can exert a stabilizing ef-
fect on the Salmonella phage DIL 5302 in aqueous solutions, not only during 
storage but also under high pressure conditions. In minced meat, the phages 
exhibited high tolerance to high pressure up to 250 MPa without any inacti-
vation. This indicates that the application of Salmonella phages in conjunc-
tion with moderate pressure treatment, at which only minor effects on the 
sensory quality of meat products are observed, is a practicable concept to 

improve the safety of raw meat products.
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Carnobacterium maltaromaticum as a bioprotective culture against spoilage bacteria in ground beef (#330)
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E. F. Macedo3, Antoine Clinquart1
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rogram in Animal Science, Curitiba, Brazil 

Introduction
Meat is susceptible to the development of spoilage bacteria, including Brocho-
thrix spp.and Pseudomonas spp., that alter the quality characteristics and re-
duces the shelf life during chilled storage.  Carnobacterium spp. are lactic acid 
bacteria, usually found as part of the natural microbiota of chilled meat and 
have bioprotective potential. This study aimed to evaluate the effect of Car-
nobacterium maltaromaticum (C) as a bioprotective culture against Brochothrix 
thermosphacta (B) and Pseudomonas fluorescens (P) in ground beef.
Methods
C: pool of three C strains (C_824, C_827 and C_829), isolated from vacuum 
packaged meat were used.
Spoilage bacteria: pool of three B (ATCC 11509; s109 and s153) isolated from 
beef) and P (ATCC 13525) were used.
Samples: ground beef was purchased from a local cutting plan in Belgium. 
Meat was inoculated (with concentrations ~6 log and ~4 log, respectively, for 
C and spoilage bacteria) according to the following treatments and homoge-
nized for 10 min. Treatment 1-Blank (sterile deionized water as inoculum); 2-C; 
3-B; 4-C+B; 5-P; 6-C+P. Beef patties (80 g) were packaged in MAP (66% 
O2/30% CO2/residual 4%N2)in PP/EVOH/PP trays (ES-plastic dimensions: 
187 × 137 × 50 mm, oxygen permeability: 4 cm³/m² at 24 h bar, 23°C and 0% 
RH) and sealed with a PET/PP film (Wipak, O2 permeability: 8.4 cm³/m² at 24 
h bar, 23°C and 0% RH). Samples were stored for 3 d at 4°C followed by 4 d at 
8°C (to simulate a temperature abuse at retail).
Analysis: microbiological analysis was carried out at 0, 3 and 7 d of storage. P 
was counted on Pseudomonas Agar Plate added with CFC supplement incu-
bated at 25°C for 24h; B on STAA added with STAA supplement incubated at 
25°C for 24 h; and C was estimated by the difference of counts on PCA, incu-
bated at 25 °C for 24 h, and the other media; instrumental color was evaluated 
using a colorimeter CR-400 (Konica Minolta), CIE L*a*b*, D65, 8 mm diameter 
aperture, 2o observation) and pH using a Knick 765 pHmeter.
Statistical analysis: the effects of treatment, storage time and their interac-
tion were analyzed using Multi-Way ANOVA and means were compared by 
Tukey´s test (P<0.05).
Results
There was significant interaction between treatment and time for B and P 
count (P < 0.05) (Table 1). C was effective in inhibiting B growth in ground 

meat during storage. At day 7, the count of B in C+B was 2.3 log CFU/g lower 
than in B. Regarding P growth, the results showed a slight, but significant 
inhibition (0.7 log CFU/g) of P in C+P compared to P. This can be explained 
by the structural barrier that P has as a Gram negative bacteria, serving as 
protection from metabolites of Gram positive bacteria as C [1], corroborating 
previous results of LAB against pathogenic strains [2].
At 7 d, patties inoculated with C (C, C+B and C+P) showed lower pH than 
other treatments. However, pH value differences were lower than 0.2, confirm-
ing that Carnobacterium is not a strong acid producer (Fig. 1) [3].
Storage time affected all color parameters, increasing lightness, whereas de-
creasing redness and yellowness of meat. Treatments affected only the light-
ness and yellowness of the product. Nevertheless, small differences in instru-
mental color values are likely due to intrinsic characteristics of the product 
itself than to the influence of the treatments (Fig. 1).
Conclusion
In conclusion, C showed a bioprotective effect for both spoilage bacteria with-
out affecting the quality characteristics of ground beef. It supports the C po-
tential for extension of the shelf life of fresh meat.
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Fig 1. Color and pH of ground beef inoculated with C. maltaromaticum 
and spoilage bacteria  
Different lowercase letters indicate significant differences among 
treatments 

 
Table 1. Count of Carnobacterium maltaromaticum and spoilage bacte-
ria in ground beef  
*abcdDifferent lowercase letters indicate significant differences in col-
umn (treatment effect)**ABCDifferent uppercase letters indicate signifi-
cant differences in a row
(time effect)
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Antioxidant activity of rosemary and citrus extract and natural sources of nitrates in clean label “chorizo” (#352)

Lorena Martinez, Gaspar Ros, Pedro Bastida, Gema Nieto
University of Murcia, Food Technology and human nutrition, Murcias, Spain 

Introduction
Natural nitrate sources have been studied in order to find potential substi-
tutes of synthetic nitrates and nitrites used in food products, such as green 
leaf vegetables rich in nitrates (lettuce, arugula, watercress, celery, and spin-
ach). Addition of synthetic nitrites (E-249 and E-250) to cured meat products 
act as antioxidant against lipid oxidation, antimicrobial against anaerobic 
bacteria, and colour preservative. . In addition, in order to adapt our model to 
new trends of Clean label meat product elaboration, synthetic additives have 
been substituted by natural nitrate sources to create a Spanish “chorizo” free 
of synthetic additives. The use of natural sources of nitrates from green leaf 
vegetables could prevent the abuse of synthetic nitrates in the development 
of Clean Label food products.
Methods
Plant, spices and vegetables extracts. Natural antioxidant ex-
tracts were obtained from citrics (Citrus sinensis L.) (C), with 55.11 % hesper-
idin and rosemary (Rosmarinus officinalis L.) (R), with 14.59 % carnosic acid, 
5.84 % carnosol and 0.60 % 12-O-methylcarnosic acid. Both of them were 
supplied by Nutrafur-Frutarom, S. L. Paprika, garlic, and oregano powder, 
as well as fresh vegetables lettuce, arugula, spinach, celery, and watercress 
were bought in a local supermarket (Hipercor, S. A., El Tiro, Murcia, Spain).
Antioxidant activity. The antioxidant activity related with the chelating 
power to different free radicals (%) was firstly measured using the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH), DPPH, FRAP and ORAC.
Chorizo elaboration. The meat mixed with the starter cultures, addi-
tives, spices, and natural extracts according to Table 1.
Protein oxidation. Protein oxidation in chorizo was related with the thiol 
concentration.
Statistic analysis.Data were analyzed with the statistical package 
SPSS 15.0 (Statistical Package for the Social Science for Window (IBM, Ar-
monk, New York, USA).
Results
Taking into account results presented data in Table 2, it can be reported 
that Acerola and R showed the highest chelating activity against DPPH and 
ABTS radical cations. Regarding the scavenging capacity against DPPH 
radical cation, it can be appreciated as these extracts are followed by the 
rest of traditional ingredients and leafy green vegetables comprended in a 
small range among 51.5 until 41.3 %: Garlic powder, Lettuce, Arugula, Celery, 
Paprika, Watercress, Spinach and Oregano, in this order. Lastly C with a 8.45 

% scavenging against the lipohilic radical
Moreover, the scavenging activity against the hydrophilic radical, ABTS, is 
generally lower than against DPPH. For this reason, the scavenging activ-
ity against ABTS followed the next hierarchy: Watercress, Garlic, Arugula, 
Paprika, Spinach, Oregano, C, Lettuce, and Celery with values among 33.4 
until 12 %, after R, and Acerola that presented values of 85.7, 70.2, and 46.5 
%, respectively.
In addition, it can be observed a similar behaviour regarding to the efficiency 
of each extract to reduce Fe+3 to Fe+2 comparing to the hydrophilic anti-
oxidant capacity measured by their oxygen radical absorbance. In this case, 
applying FRAP method, natural extracts rich in phenolic compounds are the 
first of the list: R, from rosemary, Oregano, C, from citrics, Watercress and 
Paprika followed by Arugula, Lettuce, Spinach, Acerola, Garlic and Celery, 
the last one with 804.7 µM TE 100 g-1, 50 % less than Garlic with 1915.7, or 95 
% less than R with 17790 µM TE 100 g-1. Otherwise, obtained results from the 
analysis of the oxygen radical absorbance showed the next hierarchy, with 
similar values to published by USDA in 2010: R > Oregano > Paprika > C 
> Arugula ≥ Garlic ≥ Lettuce ≥ Acerola ≥ Spinach ≥ Watercress > Celery.
Results of protein oxidation related with thiol group loss for 150 days of re-
frigerated storage are shown in Table 5. The concentration of protein thiols 
in the Control “chorizo” sample was found to be 55.2 ± 2.2 mmol/mg protein, 
which is comparable to previous results reported by Jongberg, Tørngren & 
Skibsted (2018) in brine-injected pork loins. Then, a gradually decreasement 
in the concentration of thiol groups was observed in all the Spanish “chorizo” 
samples. This  In addition, in this investigation, R produced an increasement 
in thiol loss, which might be produced by reactions between phenolic com-
pounds from rosemary and free thiol groups that may form thiol-quinone 
adducts.
Conclusion
Natural extracts with the highest antioxidant capacity were Rosemary and 
Citrus. The incorporation of these extracts as preservatives in Spanish “cho-
rizo” presented excellent antioxidant capacities to avoid the protein oxidation 
and it could be an excellent strategy in order to produce Clean Label cured 
meat products. Nitrate natural sources obtained from leafy green vegetables 
presented synergism, specially with the combination formulated with Let-
tuce, Arugula, and Watercress combined with Citric extract as antioxidant, 
however, more studies are required to do this conclusions.
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The basis of nitrosomyoglobin formation in meat by coagulase-negative staphylococci: Expression of nitric oxide 
synthase (#356)
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Introduction
   Color is essential for fermented meat products in which nitrite addition is 
responsible for the development of the characteristic red color. However, 
toxic N-nitrosamines may form from nitrite, which has raised public con-
cerns. Nitric oxide synthase (NOS) pathway in coagulase-negative staphy-
lococci (CNS) is regarded as the main source of nitric oxide (NO) [1], which 
can form nitrosomyoglobin (NO-Mb) instead of relying on nitrite. Although 
the nos gene has been detected in CNS [2], nos gene expression is not clar-
ified. The objective of this study was to demonstrate nos gene expression in 
three CNS species and to assess their abilities to produce NO.
Methods
    Three CNS species were tested in this study. Staphylococcus carnosus 
GIM 1.955 was obtained from China Guangdong Institute of Microbiology 
(Guangdong, China). Staphylococcus equorum E1 was isolated from Tong-
cheng dry-cured duck.Staphylococcus vitulinus CICC 10850 was obtained 
from China Center of Industrial Culture Collection (Beijing, China).
   Total DNA and RNA of the three CNS species were extracted from the cells 
using TIANamp Bacteria DNA Kit (Tiangen, Beijing, China) and Spin Col-
umn Bacteria Total RNA Purification Kit (Sangon Biotech, Shanghai, China), 
respectively, following the manufacturer’s protocol. cDNA synthesis from 
total RNA was performed using the FastQuant RT Kit (Tiangen) according 
to the manufacturer’s protocol. The PCRs were performed in a T100 Ther-
mal Cycler (Bio-Rad, USA) with different primer pairs. All primer pairs were 
designed using Primer 3 software. The primers of S. carnosus, S. equorum 
and S. vitulinus were designed according to the ENA accession no. of the 
entries NC_012121.1, NZ_CP013114.1 and NZ_QXTO01000059.1, respectively. 
Western blot experiment was conducted with an anti-rabbit iNOS antibody 
(Bioss, Beijing, China).
Results
A. Evidence for nos gene expression
    The PCR and reverse transcriptional PCR showed that the DNA of the 
three CNS species could be transcribed to mRNA successfully, since the 
bands of the expected sizes were found in Fig. 1A and Fig. 1B. As shown 
in Fig. 1C, the NOS protein was found to exist in all of the three species 
of CNS by western blot analysis. Thus, it was demonstrated that the three 
CNS species possessed a nos gene that could be transcribed to mRNA and 

then translated into protein successfully, which was the basis of nitric oxide 
production.
 
B. Phenotype of NO production
     NO production was detected by the NO-specific, fluorescent DAF-FM 
DA probe. Green fluorescence was observed in the three CNS cells (Fig. 
2), suggesting that NO was produced by the three CNS species. Together 
with the gene results, the phenotype of NOS was observed in the three CNS 
species. Thus, it is indicated that NO-Mb could be formed in meat without 
nitrite addition.
Conclusion
   The expression of nos gene in CNS was systematically proven from DNA 
to RNA to protein, and NO generation was also directly detected. This work 
provides a basis of NO-Mb formation in meat products without nitrite addi-
tion.
References
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Fig. 2. NO production in three CNS cells. 
Cell morphology was observed in brightfield (left panels), and NO  
production was shown as fluorescence from DAF-FM DA (right panels).

 
Fig. 1.  
(A) The PCR products of DNA electrophoresed on a 2.0% agarose gel.  
(B) The PCR products of cDNA electrophoresed on a 2.0 % agarose gel.  
(C) Western blot analysis of the crude enzyme extracted from three  
CNS species.
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Changes in the microbial communities of air-chilled and water-chilled yellow-feathered broilers during storage 
(#363)

Hang Wang, Xiaojie Qin, Si Mi, Xia Li, Chunhui Zhang
Chinese Academy of Agricultural Sciences, Institute of Food Science and Technology, Beijing, China

Introduction
Microbial control during processing and storage of broiler is a key factor that 
influences the quality and shelf-life of the final products (Kim, Hong Park, In 
Lee, Owens, & Ricke, 2017). The hypothesis for the present study was that 
different chilling systems would influence the initial microbiome on broiler 
carcasses and may contribute to the development of spoilage bacterial com-
munity.
Here, yellow-feathered broiler carcasses were subjected to an air or water 
chilling process at the slaughterhouse and then stored at 2 °C for up to 12 d. 
A high-throughput sequencing technique of 16S RNA gene amplicons was 
used to characterize bacterial communities of broiler carcasses during stor-
age. Specifically, we aimed to determine whether chilling broiler carcasses in 
air or water would affect the microbiome on the carcasses differently.
Methods
A total of 96 yellow-feathered broilers were used in this study. Air chilling 
(AC) was conducted in a 180 m2 refrigerated room that maintained at 2 °C. 
Water chilling (WC) used a pilot-scale chiller tank filled with 120 L mixture of 
ice and tap water without agitation. For each chilling group, eight chilled car-
casses were packed randomly and stored at 2 °C. After 3, 6, 9, and 12 days 
of storage, one package of carcasses from each treated group was selected 
randomly for analysis.
Extraction of bacterial DNA and PCR amplification were performed accord-
ing to the published method (Liu, Li, Li, & Luo, 2018). Sequencing (2 ×300 
bp) was carried out on Illumina MiSeq platform (Illumina, San Diego, USA).
Differences of bacterial richness (Chao 1) and diversity (Shannon) between 
AC and WC groups were explored by t-test. Principal coordinate analyses 
(PCoA) were conducted to compare similarities among samples using the R 
package software.
Results
    A total of 2716407 high-quality reads were obtained and the high-quality 
sequences were clustered into 1161 OTUs. During storage, Chao1and Shan-
non index of both groups decreased consistently (p < 0.05) (Fig. 1). AC car-
casses showed greater species richness (Chao1) than that from WC car-
casses after 3 days of storage. For diversity, AC carcasses showed higher 
level of Shannon in comparison to WC carcasses initially (at day 0 and day 
3), while no significant difference (p > 0.05) was found between AC and WC 
carcasses stored from day 6 to day 12.

The initial bacterial communities on broiler carcasses were dominated by 
Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria, while Proteo-
bacteria was the most prevalent phylum in the spoiled carcasses (Fig. 2A). 
At the genus level, the bacterial community structure was revealed to be-
come less complex during storage (Fig. 2B). Despite the low abundances 
of Pseudomonas on the initial samples, a trend towards the succession of 
Pseudomonas with time during storage was observed in both chilled groups. 
At the end, Pseudomonas, Psychrobacter and Shewanella were the prevalent 
genera on AC carcasses, accounting for 46.4, 35.6%, and 8.5% of total micro-
bial community, respectively. For WC carcasses, Psychrobacter and Pseu-
domonas were the main genera, representing 53.7% and 27.6% of the total 
genera, respectively. Principal coordinates analysis (PCoA) results revealed 
distinct separation of bacterial communities between the AC and WC car-
casses stored at different day (Fig. 3), suggesting the strong effect of chilled 
methods on microbiota of broiler carcasses.
Conclusion
The present work describes an investigation on the microbiota of air chilled 
and water chilled yellow-feathered broiler carcasses during storage under 
aerobic conditions. Different chilling systems exerted their effects on the 
surface bacterial communities of broilers, and subsequently influenced the 
succession of bacterial diversity on carcasses during storage.
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Fig.3 
Principle coordinates analysis (PCoA) of microbial communities at 
different storage days. A, B, C, D, and E represent the storage time 
of 0, 3, 6, 9 and 12 days, respectively.
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Fig.2 
Characterization of the broiler surface-associated microbiota during  
storage.  
(A) Relative abundance at phylum level;  
(B) Relative abundance at genus level

Fig.1 
Alpha diversity indexes of bacterial community on broiler carcasses 
during storage. (A): Chao 1; (B): Evenness; n=5.
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Effect of production process parameters on the distribution of bacteria in the fermented sausage matrix  (#366)

Panagiotis Chanos, Catharina Kraft, Corinna Stuehmeier, Christian Hertel
German Institute of Food Technologies, Biotechnology, Quakenbrück, Germany

Introduction
In the production of fermented sausages lactic acid bacteria play an import-
ant role as starter cultures ensuring the development of the characteristic 
flavor and aroma as well as the safety of the product. In the fermentation 
process, the starter organisms must be able to establish themselves in the 
meat matrix and prevail over the autochthonous flora as well as possible 
contaminants. Only then can the safety and a reproducible sensory profile 
be warrantied. The homogenous distribution of the starter culture is one of 
the main factors affecting its pervasiveness in the sausage matrix. The raw 
sausage mass is a solid matrix consisting of muscle protein and fat particles 
of various sizes. The meat comminuting process in the bowl chopper used to 
produce the meat batter also serves the effective distribution of the starter 
culture in the meat batter. An insufficient distribution of the starter organ-
isms in the batter, may lead to its underrepresentation in large areas of the 
sausage. This in turn may allow the growth of contaminating organisms and 
autochthonous flora with negative consequences in the safety and sensory 
profile of the product.
In artisanal and small-scale production of sausages, the selection of 
bowl-chopping process parameters may be intuitive and dependent on the 
preferences of each producer. The effects of the different process parame-
ters in the spatial distribution of the starter culture in the meat batter matrix 
have not yet been studied. The aim of this work was to investigate the effects 
that some basic bowl-chopping process parameters have on the distribution 
of a culture in the meat batter. The factors investigated were, the relative 
mass of the processed meat batter compared to the size of the bowl-chop-
per, the duration of the high-speed chopping and the rate of addition of liquid 
culture in the meat batter.
Methods
E. coli K12 JM109 carrying plasmid pTM30gfp was used for the expression of 
Green Fluorescent Protein under the lac promoter and induction with IPTG. 
This strain was used as an alternative to starter cultures for the evaluation of 
the spatial distribution of culture cells in the sausage matrix and was added 
to a final concentration of 4×106 CFU/g. The sausage batter was prepared 
with S VIII grade 20% pork back fat and 80% grade S II thick shoulder piec-
es. Chopping of the meat and mixing of the ingredients was done in a bench-
top bowl-chopper. The number of revolutions of the bowl at high speed (16 or 
28), the mass of the batter in kg (2 or 4) and the number of bowl revolutions 
during which the liquid culture was added to the batter (0 or 2) were system-

atically varied according to a full factorial setup with 3 factors in two levels 
(23) and supplemented with center points. Each experiment was repeated 3 
times (42 runs in total). The meat batter was filled in plastic casings (600g) 
and frozen (-18 °C) until use. Confocal fluorescence microscopy was used to 
visualize the positions of the fluorescent cells in 81 fields of 0.11 mm2 each 
per sausage. Twenty pictures in depth were taken from each field in steps 
of 5 µm to a total depth of 100 µm. In total more than 68000 pictures were 
taken and analyzed. The number of fluorescent cells appearing in focus in 
every picture was noted. The distribution of the cells was evaluated using 
the Dispersion Index (DI) as calculated for each sausage from the ratio of 
variance to the mean of fluorescent cells observed in each picture (DIp) or 
in each field (DIf). The DI was used as the response variable in the factorial 
regression analysis of the results using Minitab® 18.
Results
According to the DI values the distribution of the cells indicated clumping, 
irrespective of processing conditions. The DIf ranged 7.89 – 29.61 and the 
DIp 1.84 to 6.0. The Factor “Number of revolutions at high speed” significant-
ly affected DIp (p = 0.029). A greater number of revolutions at high speed 
led to lower DIp values indicating an improvement in the homogeneity of 
distribution of the cells. An increase of the mass of the batter also had a 
positive influence on the DIp although not statistically significant (p = 0.533). 
Pictures taken from the sausage matrix with phase contrast microscopy in 
combination with fluorescence microscopy showed that the fluorescent cells 
were located only in the peripheral area of tightly packed fat particles and 
of packs of muscle cells. Further processing of microscopic images gave 
indications that longer duration of high speed bowl-chopping influenced the 
size of fat particles and muscle cells thereby affecting the homogeneity of 
cell distribution in the sausage matrix.
Conclusion
Altering the processing conditions of meat comminution and mixing for the 
production of meat batter is able to increase the homogeneity of distribution 
of cells in the sausage matrix. High-speed bowl-chopping for extended du-
ration homogenizes the cell distribution probably by reducing the particle 

size of the different sausage components.
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Evolution of spoilage microorganisms in vacuum-packed lamb meat from two portuguese breeds (#381)

Ursula Gonzales-Barron1, Diogo Félix-Oliveira1, Sara C. Coelho-Fernandes1, Gisela Santos-Rodrigues1, Jose M. Lorenzo2, Vasco Cadavez1

1 Centro de Investigação de Montanha, Escola Superior Agrária, Instituto Politécnico de Bragança, Bragança, Portugal; 2 Centro Tecnologico de la Carne, Ourense, Spain

Introduction
Although meat ageing at cold storage is essential to improve meat tender-
ness (Prates, 2000), the natural process of microbial spoilage takes place at 
the same time due to the proliferation of psychrotrophic bacteria, lactic acid 
bacteria, Pseudomonas spp. and Clostridium spp. (Berruga et al., 2005). A 
known strategy to moderately extend the shelf-life of meat is vacuum pack-
aging. However, the spoilage retardation rate mainly depends on the initial 
microbiological quality of meat as well as its initial pH. The objective of this 
study was to evaluate the evolution of lactic acid bacteria and spoilage mi-
croorganisms (i.e., mesophiles, psychrotrophic bacteria and Pseudomonas 
spp.) in vacuum-packed lamb meat during cold storage at 4ºC. The micro-
bial spoilage in meat originating from two Portuguese ovine breeds, Bor-
daleira-de-Entre-Douro-e-Minho (BEDM) and Churra-Galega-Bragançana 
(CGB), was compared.
Methods
Fifteen BEDM and 15 CGB breed lambs were used in this study conducted 
in 2018. The animals were slaughtered at 4 months of age in the same ab-
attoir (day zero). After 24-hour chilling at 4º±1ºC, the muscle Longissimus 
dorsi were removed from the 6th to 13th rib, and cut in three parts. Each 
piece was vacuum-packed (Silvercrest SFS 110 B2, Germany); and stored 
at 4±0.5ºC in a cool chamber (Portiso ECB-3000, UK). After 3, 9 and 15 
days following slaughter, microbiological essays were conducted. Aliquots 
of decimal dilutions were inoculated on Petrifilms (3M) for mesophiles and 
LAB. For the quantification of psychrotrophic microorganisms, Plate Count 
Agar (Liofilchem, Italy) was used while Pseudomonas spp. was counted on 
selective medium Pseudomonas Agar Base (Oxoid, UK), added with 1% v/v 
glycerol and CFC (SR0103, Liofilchem, Italy). To assess the effect of breed 
and ageing time, analysis of variance were adjusted to each microbial group 
using the R software.
Results
Table 1 compiles, separately by breed, the counts of spoilage microorgan-
isms quantified in vacuum-packed lamb meat. Although not shown here, an 
interaction (p<0.05) between breed and ageing time was observed. In this 
way, at the third and ninth days of maturation, there were no differences 
(p>0.05) in the counts of spoilage bacteria between the two breeds. Howev-
er, at the fifteenth day of ageing, lamb meat originating from the BEDM breed 
presented higher counts of mesophiles, psychrotrophic, lactic acid bacteria 
and Pseudomonas spp. than the meat from CGB breed (Table 1).

As expected, the counts of lactic acid bacteria and spoilage indicators in-
creased (p<0.05) as ageing took place (Table 1). For all bacterial groups, the 
increment in bacterial load was more accentuated in lamb meat from BEDM 
breed, which can be related to the higher pH this meat tended to have (mean 
pH of 5.90 for BEDM versus 5.69 for CGB). It is known that when animals 
suffer stress from prolonged periods, there is a depletion of glycogen levels, 
which prevents the normal drop of pH until optimum levels (Watanabe et al., 
1996). Consequently, meat of high pH (>5.7) possesses better conditions for 
microbial development, hence reducing the shelf-life of chilled meat (Sheri-
dan et al., 1997).
Conclusion
Vacuum packaging and cold refrigeration slow down the growth of lactic 
acid bacteria and spoilage microorganisms for a period of 15 days in meat 
with normal pH, this is, lower than 5.7. Nevertheless, this effect is not ob-
served in meat of high pH (> 5.8), in which bacterial growth is accelerated 
from the third day post-slaughter. Taking into account the known levels of 
psychrotrophic bacteria (106 CFU/g) and Pseudomonas spp. (107 CFU/g) 
that make meat improper for consumption (Feiner, 2006), it is estimated that 
vacuum-packed lamb meat from BEDM breed would have a shelf-life of 20 
days, while that of CGB origin a shelf-life of 35 days when stored at 4ºC.
Acknowledgement
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Shelf-life and microbial community dynamics of vacuum packaged beef during long term super-chilled storage 
(#397)

Xue Chen1, Yimin Zhang*1, David Hopkins2, Xiaoyin Yang1, Pengcheng Dong1, Xin Luo1

1 Shandong Agricultural University, College of Food Science and Engineering, Taian, China; 2 NSW Department of Primary Industries, Centre for Red Meat and Sheep Development, Cowra, Australia 

Introduction
Super-chilled storage with an intense microbial growth delay, less protein dena-
turation and structural damage, is considered as an advantageous technology 
for meat products. Currently, this technology has been successfully applied in 
the preservation of beef, extending the shelf life up to 20 to 30 weeks[1]. Microbi-
al growth and following metabolic activity are the main factors which lead to the 
deterioration of fresh meat. Previous work showed that the microbial composi-
tion and the dominant bacteria of samples at 16 weeks and 30 weeks, played 
an important role in extending the shelf-life . However, the initial bacterial level, 
and the microbial composition in the early stage may play a more important role 
in affecting the shelf-life of the long term super-chilled storage meat. Therefore, 
the objective of this study was to monitor the growth of bacteria of vacuum 
packaged beef from two abattoirs during prolonged super-chilled storage for 
20 weeks, especially, to investigate the bacterial community of samples during 
the entire storage.
Methods
Beef M. longissimus lumborum (LL) were obtained from two commercial abat-
toirs (A and B). In each abattoir, ten left LL were collected. Thereafter, each loin 
was individually portioned into 7 cuts (about 5 cm thick, total of 70 cuts per 
abattoir) and these were subsequently vacuum-packaged. After transportation 
to the laboratory (at -1 °C), all samples were stored super-chilled (-1 ± 0.5°C) for 
up to 20 weeks. Within samples from each abattoir, a total of seven cuts from 
each carcase were randomly allocated to seven storage times (0, 3, 6, 9, 12, 15, 
and 20 weeks post-fabrication). Total volatile basic nitrogen (TVBN), microbial 
counts and microbial diversity were determined for each sample as previous-
ly described by Chen et al[2]. The data were analysed using a MIXED model. 
Storage time, abattoir and their interaction were regarded as fixed factors and 
carcase was regarded as random factor. Differences in predicted means (PM) 
for all traits were tested using the PDIFF option, and significance was when P 
< 0.05.
Results
Different initial number and growth rates of TVC and LAB were observed be-
tween the two abattoirs (Table 1). The microbial counts of abattoir B samples 
exhibited a higher rate of increase than abattoir A samples, exceeding 7 lg CFU/
cm2 at week 6. TVBN, as a direct quality indicator of meat freshness/deterio-
ration, which is officially used in China, indicated that the shelf-life of abattoir A 
and B samples were less than 12 weeks and 9 weeks, respectively (threshold 
was ≤ 15 mg/100g).

Based on the sequencing data, at genus level, the initial bacterial communi-
ty and microbial succession during storage were different in samples from the 
two abattoirs (Fig. 1, the relative abundances > 1%). Carnobacterium spp. and 
Lactobacillus spp. alternately dominated in abattoir A samples and Carnobacte-
rium spp., Serratia spp. and Lactococcus spp. alternately dominated in abattoir 
B samples throughout week 3 to 9; and Lactobacillus spp. and Carnobacteri-
um spp. were the most predominant genus in abattoir A and B samples at the 
end of storage, respectively. Moreover, Serratia spp. was observed at all storage 
time points, with a relatively high prevalence (8.9% ~ 18.1%) except at 20 weeks 
and Pseudomonas spp. showed an increase at 20 weeks (15.3%) in abattoir A 
samples. Meanwhile, the relative abundance of Serratia spp. was significant 
(10.8%~20.3%) at the final stage of storage in abattoir B samples. The results 
indicate that Lactobacillus spp. might be more efficient to extend the shelf-life of 
super-chilled storage beef than Carnobacteria spp. The dominant bacteria after 
the TVC number reached 6 lg CFU/cm2, may play an important role in deter-
mining the shelf-life of super-chilled stored meat, since the dominant position of 
Lactobacillus spp. and Carnobacteria spp. in abattoir A and abattoir B achieved 
at 6 weeks and 3 weeks, respectively, when the TVC were up to 6 lg CFU/cm2, 
coincidentally. However, their direct relationship and effects on the final shelf-
life need further exploration.
Conclusion
This study reveals that the initial bacterial level, and the bacterial community 
and succession plays an important role on the physicochemical properties and 
shelf-life of beef and that there is significant difference between abattoirs in 
terms of bacterial levels. The acceptable shelf life of vacuum-packed beef cuts 
with high initial bacterial levels was shorter than that with low initial TVC based 
on the TVBN values. There was a dominance of Lactobacillus spp. and Carno-
bacterium spp. in samples during the late storage period from abattoir A and 
B, respectively, Further work needs to compare the bio-protective effects of 
Lactobacillus spp. and Carnobacterium spp. on super-chilled storage beef cuts, 
and then to apply the bio-protective bacteria in practice.
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Fig. 1. 

 
Table 1 
Means with different superscript capital letters within the columns 
differ at P < 0.05.Means with different superscript lowercase letters 
within the rows differ at P < 0.05.
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Can high pressure processing extend the shelf life of fresh beef (#413)

Anita Sikes1, Lesley Duffy1, Alex Kanon1, Joanne Hughes1, Yutao Li2

1 CSIRO, Agriculture and Food, Coopers Plains, Australia; 2 CSIRO, Agriculture and Food, St Lucia, Australia

Introduction
It is well-established that high pressure processing (HPP) without heating ef-
fectively inactivates microorganisms in meat products, resulting in improved 
shelf life [1]. However, for improved shelf life, commercially applied pressure 
levels range between 400–600 MPa, and pressures at this level result in 
changes in the colour and appearance of fresh meat [2]. Hence this limits 
the usefulness of HPP for the extension of shelf life of fresh meat products. 
This work determined the pressure limits that can be applied to fresh meat 
for maintaining ‘acceptable’ colour, and the subsequent impact on shelf life.
Methods
Defining pressure threshold for colour stability
Paired beef longissimus lumborum (LL) muscles were collected from 6 car-
casses at 24 h post-mortem. Portions from each pair (30x30x120 mm, ~75 g) 
were allocated to treatments: pressure (0.1 MPa: untreated control, 100, 200, 
300, 400, 500, 600 MPa) and pressure holding time (2, 5 min). High pressure 
was applied (Stansted Fluid Power 850 Mini FoodLab, 0.3 L, UK) at ambient 
temperature within 24–48 h post-mortem. Colorimetric measurements were 
recorded using a Minolta colorimeter CR-400 (illuminant D65, observer an-
gle 2°, 8 mm aperture) and were used to determine the appropriate pressure 
for subsequent experiments. The effects of pressure treatment and treat-
ment time was determined with a blocking structure of animal (GenStat 15th 
edition).
Verification of threshold pressure conditions and impact on shelf life
Beef LL muscles (n=18) were allocated to one of 3 pressures (0.1, 200 and 
250 MPa), identified from the preliminary trial above, and 6 storage times 
(0, 4, 8, 12, 16 and 20 weeks). Vacuum packed portions (100x120x150 mm, 
~1 kg) were subjected to HPP (QUINTUS Flow Pressure System, 35L-600) 
at ambient temperature for 2 min and stored vacuum packed at -1°C for the 
nominated storage times. Total viable counts (TVC) were determined on the 
external surface of samples using Petrifilm aerobic count plates. A Hunterlab 
Miniscan EZ 45/0 LAV (light source A, observer angle 10°, 25 mm viewed 
area) was used to measure L*, a* and b* values. A linear mixed model of anal-
ysis of variance was applied to identify the individual sources that impacted 
the attributes (SAS version 9.4).
Results
Visually, the muscle became ‘lighter’ in colour with increasing pressure up 
to 600 MPa (Fig. 1). From colorimetric data (Fig. 1, L*values), increasing pres-
sure resulted in significant (P<0.001) increases in L* values (lightness), with 

L* values for samples treated with pressures of 200–600 MPa significantly 
higher than control and 100 MPa samples. Lightness was similar (P>0.05) 
in samples treated at 2 or 5 min. A pressure threshold of 200–300 MPa was 
selected from the colorimetric data for the subsequent verification and shelf 
life study. These pressures were shown to result in an ‘acceptable’ fresh 
meat appearance,
Pressure treatment at 250 MPa generated a lighter (L* 45.06) product com-
pared to the control (L* 39.97) and 200 MPa (L* 41.25) samples at all storage 
times (P>0.05), and suggests that 200 MPa is a more suitable threshold 
pressure to maintain an ‘acceptable’ colour of fresh beef. TVC remained low 
(<7 log10 CFU/cm2) across the 20 week storage period (Fig. 2). There was 
no significant (P>0.05) difference in TVC between treatments, but at week 4, 
HPP appeared to delay growth (Table 1). However, this delay was temporary, 
and TVC was similar for all treatments from 8–20 weeks.
Conclusion
The pressure threshold to maintain an ‘acceptable, fresh-like’ appearance 
of chilled vacuum-packed beef longissimus lumborum was shown to be 200 
MPa, applied at ambient temperature for 2 min. Although there was no dif-
ference in microbiological populations between HPP and untreated control 
treatments across the 20 week storage period, a delay in growth at 4 weeks 
storage with HPP indicates an application for potentially extending the retail 
display life of overwrap meat produced from pressure treated primals within 
this storage period.
Acknowledgments
The authors acknowledge funding provided by CSIRO and AMPC to support 
the research in this publication.
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Figure 1 
Representative images and L* values (2 min pressure duration) of 
beef longissimus lumborum samples after high pressure treatment at 
ambient temperature and 1 h bloom time – 0.1MPa (control - untreat-
ed) and pressure treated (100, 200, 300, 400, 500, 600 MPa) for 2 
min and 5 min.

 
Table 1 
Effect of high pressure processing (HPP) (0.1, 200 and 250 MPa, am-
bienttemperature, 2 min) after storage for 4weeks at -1°C on total 
viablecounts (TVC) from four 10 cm2 surface slices from beef longis-
simus lumborum.

 
Figure 2 
Effect of high pressure processing (HPP) (0.1, 200 and 250 MPa,  
ambient, 2 min), and storage for 0, 4, 8, 12, 16 and 20 weeks at 
-1°C 
on total viable counts (TVC) of four 10 cm2 surface slices from beef  
longissimus lumborum.
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Optimization of replacing pork backfat with animal and plant-based fat for development of shelf stable Buffalo 
(Bubalus Bubalis) meat emulsion-type sausages (#421)

Kashif Nauman, Muhammad T. Akber, Sher A. Rajput, Bilal Asghar, Jamal Nasir
University of Veterinary and Animal Sciences, Department of Meat Science and Technology, Lahore, Pakistan 

Introduction
Meat and meat products are enriched with essential nutrients important for 
the optimal growth of body tissues (2). Urbanization, improving living stan-
dards and life routines has changed eating habits of majority of population 
particularly in urban areas, showing an increase in the consumption of pro-
cessed food commodities which are cost effective, innovative particularly with 
traditional taste (5). In these circumstances consumers are increasingly relies 
on convenience (sometimes based on the exotic recipes) and (ready to eat) 
RTE products (3). Many food companies are exploring these new business 
opportunities and marketing products, varying significantly in quality and 
price (4). Among these exotic dishes which are getting popularity is, sausages. 
These are cost effective, rich in protein, shelf stable, tasty and less technolog-
ical demanding meat products. 
Buffalo is main beef source animal in south Asia with distinctive taste and 
meat characteristics. In this study, buffalo meat is used to develop sausages 
(wiener sausages) with different fat sources i.e. animal and plant, by replacing 
the pork fat to satisfy the requirements of certain ethnic groups, while evalu-
ation of shelf stability is checked at high temperature to counter the needs of 
electricity shortage. Sensory evaluation will give the idea about the adoption 
patter and taste requirement of sausages in the local society.
Methods
Per experiment ca. 2 kg beef (Longissimus dorsi) (Male, Buffalo calve, 
14-month age), taken from the processing facility of dept. of Meat Science 
and Technology, UVAS.  Animal fat (Kidney pelvic heart (KPH), Sheep tail fat) 
and vegetable fat (Palm kernel) were used as a replacement of pork back fat 
to satisfy the needs of ethnic groups. Commercial spice mix was acquired 
from Gewuerzmueller, (FRUTAROM Savory Solutions GmbH, Siemensstraße 
1, Korntal-Münchingen, Germany). 
Sausage mass was prepared according the standard “Wiener” procedure as 
given in (1). All ingredients were minced together with a 3-stage cutter Mado 
primus with 3 mm sieve and then stored at +4ºC for 2 hrs. Sausage batter was 
prepared from beef and ice, by emulsification in a MADO Garant bowl chop-
per fitted with four blades rotating at 2800 rpm with a bowl speed of 24 rpm. 
Sausage mass was stored at 0-4 ºC for providing curing time so that salts and 
enzyme could show their action for better manufacturing.Fiber securex casing 
with 33 mm diameter were softened by immersion into warm water for 30 min 
before stuffing. After stuffing with batter, cooking performed in pre- heated hot 
air oven at 80ºC. Core temperature was measured in 30 min. intervals. When 

+70°C had been reached, temperature was held for 20 min. Then the sausag-
es were hung overnight in a cooling room.
After this preparation, parameters like color, pH, TBAR, Cooking lose, water 
activity, TVC and sensory evaluation was performed and results were calcu-
lated through factorial ANOVA, assuming fat source as main effect and stor-
age temperature and duration as sub-effects and their interaction was also 
checked. PROC GLM was employed in SAS software (Version, 9.1). Significant 
treatment means were separated through Duncan’s Multiple Range test at P 
≤ 0.05 probability level.
Reference:
1. Doppler, F., & Eibensteiner R. (2007). Rezepte für gebrühte. p. 57-68. In, 

Würste und Pasteten: Herstellung und Vermarktung. AVBuch publishers.
Results
Results revealed that type of fat sources showed a significant (P ≤ 0.05) effect 
on the instrumental color values. Lightness (L*), redness (a*) and yellowness 
(b*) were highly significant whereas non-significant results were observed 
for Chroma and hue values for the sausage samples. Highest L* values were 
recorded for the plant fat whilst lowest L* values were recorded in KPH fat 
sausages. Sheep tail fat sausages showed higher (a*) and (b*) values where-
as lowest values were recorded for palm kernel butter fat sausages. Statisti-
cally significant (P ≤ 0.05) differences between storage days were recorded 
for the lightness (L*), redness (a*) and yellowness (b*) amongst the samples 
while, no statistically significant results were observed for the product color. 
In TBARs analysis, Sheep tail fat sausages exhibited greater TBARs value 
and the lowest values were observed for sausages that were made from palm 
kernel butter fat indicating less oxidation in palm kernel fat sausages. Storage 
temperature and durations also have significant effect on the TBARs value.
Cooking loses are most prominent in sheep tail fat sausages. pH is observed 
lower at 2 C̊ in comparison to 35 C̊ which gets higher in similar fashion with 
storage duration. Water activity reduced significantly in palm kernel butter 
from 96.3 to 87.1 at 35 ̊C after 11 days while 5% sodium sorbate spray done ex-
ternally to avoid fungal growth. TVC results are with in prescribed safe limits.
Conclusion
Development of sausages with KPH fat and palm kernel butter shows higher 
values of acceptance in sensory evaluation while analytical results also shows 
that stability measures of palm kernel fat based sausages has the most stable 
results in comparison to other fat sources. So further analysis trial should be 
conducted with vegetable fat source.
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TVC at 2C and 35 C 
Total viable count at different storage temperatures with animals and 
plant based fat sources

 
Water activity at 2C and 35 C 
Water activity value at different storage temperature with animal and 
plant based fat sources

 
TBAR value at 2 C and 35 C 
Lipid oxidation value at different storage temperature with animal 
and plant based fat sources
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Identification of the Clostridium perfringens by a single-copy of the COL(A) gene (#426)

Anastasiya Semenova, Michael Minaev, Dagmara Bataeva, Angela Makhova
Gorbatov Research Center for Food System, MOSCOW, Russia 

Introduction
The production of sterilized canned meat products involves the use, in addi-
tion to meat and vegetable raw materials, spices. Knowing that of them there 
is a real danger to the quality of canned food, and the consumer is crucial .
There are in spices Salmonella spp., E. coli, toxigenic molds, incl. various spe-
cies of Aspergillus, as well as spore microorganisms of soil origin - B. cereus 
and C. perfringens.
One of these microbial contaminants, C. perfringens, has spores with high 
thermal stability, which during heat treatment of the canning mass and tight-
ness of the packaging are not only not inactivated, but rather receive stimuli 
and conditions for vital activity.
Only express detection of the required spore-forming microorganisms would 
allow taking corrective measures to prevent the microbiological contamination 
of canned food.
For example, PCR (polymerase chain reaction) with oligonucleotide primer 
recognition of the alpha toxin of the C. perfringens gene underlay the creation 
of the Clostridium perfringens Detection Kit Biotecon Diagnostics SL express 
system developed for the detection of C. perfringens in food products in envi-
ronmental objects and in clinical material.
In samples of chicken carcasses purchased in the distribution network, mul-
tiplex PCR, turkish scientists identified and typed C. perfringens by detecting 
the toxin genes in the cpa, cpb, etx, iA, cpe and cpb2 genomes .
The aim of this work was to identify C. perfringens in samples of bay leaves 
used in the production of sterilized canned meat using PCR using primers 
developed by us.
For PCR diagnostics of C. perfringens, species-specific primers for the colla-
genase target gene were used
(BAB79879.1 – NCBI protein ID) .
Methods
Bay leaf samples, C. perfringens ATCC 13124 strain, colA gene collagenase C. 
perfringens ATCC 13124, C. sporogenes 284, oligonucleotide primers: forward 
primer to the cola-TGGGTAAGTTTAGAGAAGACCCA; reverse primer to the 
gene colA – ATTGAGCCTTAACTTCCTTTGAA.
The protocol was adapted to identify C. perfringens spores. For this, tenfold 
dilutions of bay leaf in the buffered peptone water (Oxoid, United Kingdom) 
were added to the clostridyl broth (DRCM) (Merck, Germany) and heated at a 
temperature of 80 ° C for 20 minutes.
Then layered on top of the seedlings of vaseline oil and incubated for 72 hours 

at 37 ° C. For the DNA extraction, a 1.0 mL culture liquid was taken. In the 
presence of growth in DRCM broth, which was manifested by blackening of 
the medium in the presence of sulfite-reducing clostridia, a 1.0 mL aliquot was 
taken from the first dilution and sown on chromogenic clostridial agar (CP 
Chromoselect) (Sigma-Aldrich, Germany).
Incubation on this dense selective medium was carried out under anaerobic 
conditions using Anaerocult A (Merck, Germany) for 24 hours at 37 ° C. The 
growth of C. perfringens on this medium is characterized by the presence of 
green colonies. In the presence of such colonies, they were selected and sub-
cultured on non-selective nutrient agar to obtain a pure culture, which was 
then confirmed using the API 20A test system (Biomerieux, France).
In parallel with the microbiology, PCR studies were performed. This is a 1.0 mL 
aliquot was taken from the proculated DRCM broth, centrifuged for 10 min at 
13.4 thousand revolutions. A precipitate of DNA reagents was used (Syntol, 
Russia). The PCR was performed on ANK 32 instrument (Syntol, Russia).
Results
For screening C. perfringens, naturally contaminated samples were used, 
namely 19 bay leaf samples. Confirmation of the results obtained by real-time 
PCR was performed using the classical microbiological method. Simultane-
ously with the test samples, the controls were investigated: as a positive con-
trol, the strain C. perfringens ATCC 13124; as a negative control, the strain of 
C. sporogenes 284.
Of all the samples studied bay leaf microbiological method C. perfringens was 
detected in four samples, PCR method - in five samples. The discrepancy be-
tween the results obtained by PCR analysis and the microbiological method 
for one of the samples may presumably be due to the initially low content of 
C. perfringens spores, which turned out to be beyond the sensitivity range of 
the classical microbiological method. The detection of C. perfringens in bay 
leaf samples by the PCR method made it possible to increase the detection 
of this microorganism due to the sensitivity of the method, while reducing the 
duration of the analysis to 48 hours.
Conclusion
The developed PCR method already at the stage of enrichment of the object 
under study on nutrient media can be used for the accelerated determination 
of C.perfringens. However, Clostridium spp is of no small importance in ensur-
ing the quality and safety of food products. Therefore, the development of 
primers to identify other members of the genus Clostridium is relevant, which 
is possible using the gene-collagenase as a marker.
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Introduction
The project Food Pro.tec.ts (Food production technologies for trans-bound-
ary systems) is part of the “INTERREG V-A Deutschland-Nederland” pro-
gram, which supports cross-border cooperation with partners from industry 
and research. The project consists of five subprojects, which are focussing 
on the development of new technologies and innovations for the agricultural 
and food sector. The aim of subproject 1 is the development of new real time 
sensors for the meat industry in order to control critical process parameters 
and to predict important quality and safety attributes, as well as the shelf life 
of meat products throughout the entire chain.
Methods
In the first stage of the project, different spectroscopic technologies (fluo-
rescence, Raman, surface-enhanced Raman and infrared) are investigated 
in order to control process parameters (hygienic conditions), product pa-
rameters (total bacterial count on the meat surface) and safety parameters 
(pathogenic bacteria). Therefore, laboratory investigations with different food 
contact surfaces from the meat industry and different types of meat are con-
ducted. Spectroscopic measurements are carried out in parallel to classical 
cultural microbial analysis and evaluations of further quality attributes. Ap-
propriate processing methods and chemometric analysis are used to exam-
ine the correlations between the spectral data and the critical parameters. 
A variety of well-established and advanced machine learning systems are 
investigated for the development of accurate predictive models. In addition, 
storage test with meat samples are carried out to characterize the spoilage 
and to develop shelf life models based on predictive microbiology. The accu-
racy and reliability of sensor and model predictions are validated in further 
trials and pilot studies.

Results
The first results show promising potential for correlation of spectroscopic 
data and microbial counts on meat surfaces and for monitoring of contami-
nations on processing equipment. In case of the monitoring of hygienic con-
ditions on processing equipment, the results indicate that conventional and 
convolutional neural network models are well suited for the classification of 
the actual microbial load on different surfaces. For the determination of the 
total bacterial count on meat surfaces, fluorescence spectroscopy shows 
promising results. Although, the accuracy and robustness of the method de-
pends on the type, processing level and cut of the meat, there is the potential 
for application as a tool for real-time determination of the microbial load. The 
results delivered by the sensors in combination with the predictive models 
show the ability for the calculation of remaining shelf life in real-time at all 
steps of the chain. Regarding the detection of different microbial species, 
like pathogenic bacteria, surface-enhanced Raman spectroscopy shows the 
potential for the differentiation on species level.
Conclusion
The overall concept for the implementation of the new sensor technologies 
is presented in The sensors offer the potential for the non-invasive real time 
determination of process and product specific parameters. The information 
delivered by the sensors and the predictive models will be integrated into 
an early warning tool by using process analytical technology (PAT). This 
offers an on-line feedback for process adjustment and it supports the deci-
sion making during production. Furthermore, it allows companies to optimize 
processes and their storage management. This leads to an overall reduction 
of food waste in meat chains and contributes to improve the product quality 
and safety.
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Re-grading: A worthwhile strategy to reduce the incidence of dark cutting in grain fed beef? (#512)
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Introduction
Dark cutting (DC) in beef carcasses is a complex multifactorial condition in-
fluenced by pre- and post-slaughter factors including abattoir management 
and processing. Meat Standards Australia classifies DC carcasses when the 
meat pH of the m. longissimus thoracis (LT) measured at the quartering site 
is greater than 5.70. Under current AUS-Meat guidelines, carcasses can be 
graded at 8 hours post-mortem if they have had some electrical stimulation.
Previous studies have demonstrated that the LT muscle of beef carcasses 
chilled by traditional methods, does not reach ultimate pH until at least 18-24 
h post slaughter (Murray, A. C. (1989). Factors affecting beef color at time of 
grading. Canadian Journal of Animal Science, 69(2), 347-355.)( Hughes, JM, 
Kearney, G, Warner, RD (2014) Improving beef meat colour scores at carcass 
grading. Animal Production Science 54, 422-429.) , and that differences in 
post-mortem muscle metabolic activity (eg. glycogen utilization rate) and 
mitochondrial metabolism are causative factors for high pH meat in grain-fed 
beef carcasses (Mahmood, S., Roy, B. C., Larsen, I. L., Aalhus, J. L., Dixon, 
W. T., & Bruce, H. L. (2017). Understanding the quality of typical and atypical 
dark cutting beef from heifers and steers. Meat Science, 133, 75-85. ).
Therefore, the objective of this experiment was to determine whether the 
time from slaughter to grading influences the pH of grain-fed carcasses, and 
the viability of re-grading at later time intervals as a method to minimise the 
incidence of dark cutting carcasses in Australia. It was hypothesised that 
re-grading grain fed beef carcasses will reduce the percentage of carcasses 
initially graded as DC.
Methods
A total of 1,181 grain fed beef carcasses were assessed for re-grading at a 
beef processor in New South Wales, Australia. A TPS WP-80M pH meter 
(TPS Pty Ltd, Brendale, Queensland, Australia) was used to measure pH and 
temperature. The pH meter and electrode were calibrated at ambient tem-
perature using buffers pH 4.00 and pH 7.00. Grading was conducted as per 
MSA standards and protocols by accredited MSA graders allowing least 30 
minutes of blooming at the quartering site. Researchers followed the graders 
during grading and recorded pH and temperature at the time of grading. The 
carcasses were initially graded at ‘normal’ time of grading for the processor 
(12.6 ± 1.15 h post-slaughter) and were then re-graded before the time of 
boning (21.1 ± 1.15 h post-slaughter). Re-grading was conducted 8.6 ± 0.79 
h after grading by an accredited grader on the opposite side of the carcass 
after at least 30 minutes of blooming, and simultaneously, research staff col-

lected a pH and temperature measurement. The results for the two grading 
times were compared with a t test using GENSTAT 18.
Results
The re-grading analysis strongly supported the initial hypothesis. The re-
sults demonstrated that 32.3 % of carcasses that were initially high in pH 
at the initial grading (>5.70) became compliant in pH (≤5.70) at re-grading. 
Additionally, of the 1,181 carcasses re-graded at (~21 h post mortem), 77.7 % 
of re-graded carcasses showed a reduction of pH compared to the initial 
grading pH (Table 1).
The mean pH at initial grading was 5.59 ± 0.195 (min 5.36, max 6.79) which 
was significantly higher than the mean pH at regrading which was 5.52 ± 
0.186 (min 5.29, max 6.81 t=7.95, d.f.=2080, P<0.001).
Conclusion
The grading and re-grading analysis demonstrated that re-grading car-
casses can ensure carcasses are close to reaching ultimate pH, if not al-
ready at ultimate pH. This indicates that at the time of initial grading (~12 h 
post-slaughter) an ultimate pH had not been reached in 77.7 % of carcasses. 
The re-grading analysis demonstrated that 32.3 % of carcasses that were 
initially high in pH became compliant in pH after re-grading, confirming that 
re-grading or delaying the grading process until carcasses reach ultimate 
pH may substantially reduce the incidences of dark cutting.
A cost-benefit analysis should be conducted to determine the efficacy of 
implementing a re-grading strategy for processors to reduce the incidence 
of dark cutting. This would benefit the grain fed industry in Australia by pre-
venting producers from accumulating discounts on carcasses that are not 
true dark cutters, as well as processors losses through not meeting target 
market specifications.
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Table 1:  
Regrading results from carcasses measured at ~8 hours after the  
initial (~12h) post slaught 
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Introduction
The economic loss of the beef industry with meat degradation in the display 
is a factor that needs to be resolved to improve the quality of meat along with 
the shelf life. During storage, generally, the material which is used to pack-
aging is polyvinyl chloride film (PVC), that allows the meat to be exposed to 
oxygen, accelerating oxidative processes and discoloration, resulting in a 
reduction of meat shelf life (Lavieri, 2014). The main causes of meat deterio-
ration during display are lipid and myoglobin oxidation, which can negative-
ly affect meat flavor, color, texture and nutritional quality (Prado, 2015; Ma-
qsood, 2011). In this sense, several studies have been carried out to evaluate 
the effect of essential oils as a natural form to improve meat stability thus 
increasing meat shelf life since they are compounds extracted from plants 
and have antimicrobial and antioxidant properties (Acevedo, 2015; Navajas, 
2013). Some compounds, such as oregano, thyme, thymol, carvacrol, euge-
nol, cinnamaldehyde have shown an antioxidant action potential in animal 
metabolism, affecting meat quality traits by improving storage stability (Bak-
kali et al., 2008; Fitzgerald et al., 2004, Naveena et al., 2014, Pereira et al., 
2009). Thus, this study was performed to evaluate the effect of dietary es-
sential oil inclusion on meat shelf life of feedlot finished Nellore cattle.
Methods
Forty-eight Nellore non-castrated males (400±25 kg body weight and 16 
months old) were divided into two groups (n=24 each) and feedlot fed with 
two different diets: 1) CO - control diet (35% roughage [corn silage] and 
65% concentrate [corn grain, soybean meal, mineral mix]); 2) EO - essential 
oil diet (CO diet + 150mg/kg of essential oil [blend of carvacrol, eugenol, 
cinnamaldehyde and pepper extract contain capsaicin] during 110 days. One 
animal of EO treatment did not adapt to the feedlot and was removed from 
the trial. At the end of feeding period, animals were slaughtered and after 
24 hours of chilling, four 1.5 cm thick Longissimus thoracis muscle samples 
were collected, identified and overwrapped with oxygen-permeable film on 
polyfoam trays and displayed for 0, 3, 5 and 7 days under simulated retail 
display conditions (Vertical model, 125 LX, Auden, Brazil; 4 °C; 1000 lux il-
lumination) to determine shelf life of meat as proposed by Vatansever et al. 
(2000). After each display period, pH and color were measured. Color was 
measured with standard illuminant A, observation angle of 10° and aperture 
of 30 mm as proposed by CIE (1986), pH was measured using an electrode 
probe attached to a portable pH meter (Hanna Instruments model HI99163, 

Sao Paulo, Brazil). After that, a subsample was removed to evaluate lipid 
oxidation. Total intramuscular lipid content was quantified as proposed by 
Bligh Dyer (1959) and lipid oxidation as proposed by Vyncke (1975) and mod-
ified by Sorensen and Jorgensen (1996), to find thiobarbituric acid reactive 
substances (TBARS). Total intramuscular lipid content data was analyzed by 
analysis of variance using the MIXED procedure of SAS 9.4 (SAS Institute 
Inc., Cary, NC) as a completely randomized design considering the diet as 
a fixed effect. The pH, lipid oxidation, and color data were evaluated as time 
repeated measurement considering diet, display time and their interaction as 
fixed effects. The covariance structures were tested for each characteristic 
and the best fitted was used.
Results
There was no significant treatments x time interaction for color, pH, and 
TBARS evaluated during display time. No effect of diet was observed for 
total intramuscular lipid content (Figure 1). No effects of treatment on TBARS 
values were unexpected, once essential oils are known to prevent lipid oxi-
dation due to their antioxidant capacity as reported by Simitzis et al. (2008). 
However, Tauer (2019) working with broilers supplemented with essential oil 
of oregano also did not find differences in lipid oxidation, although it could 
be due to the low lipid content in broilers breasts. Similar pH results were 
found by Simitzi et al. (2010) working with finishing pigs fed oregano essen-
tial oil and Yagoubi (2018) working with lambs supplemented with rosemary 
essential oil. In addition, as reported by Simitzis et al. (2010) and Smeti et 
al. (2013), no changes in storage stability of pork and lamb supplemented 
with EO were observed. However, time effect on color, pH, and TBARS was 
observed (Table 1). Meat color values decreased while TBARS formation in-
creased throughout the retail display time, which were expected since lipid 
and myoglobin oxidation play an important role in meat discoloration over 
storage time (Shange et al., 2018).
Conclusion
Carvacrol, eugenol, cinnamaldehyde and pepper extract contain capsaicin 
supplementation does not affect meat shelf life of feedlot finished Nellore 
cattle.
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Figure 1. 
Mean and standard error of the mean (SEM) of lipid content, accord-
ing to the treatments.
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Table 1. Mean, SEM, and probability of color, pH and TBARS under  
display conditions. 
SEM: standard error of the mean; L*: luminosity; a*: red intensity; 
b*: yellow intensity; TBARS: Thiobarbituric acid reactive substanc-
es; MDA: malonaldehyde; Q; quadratic effect; L: linear effect; statis-
ti-cally different when P<0,05.
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Introduction
Sai-krog Isan (SI), Thai traditional fermented meat-rice sausage, is mostly 
consumed and sold in the whole country of Thailand. This product was most-
ly left to ferment at the room temperature for 2-3 days. The most important 
microorganisms during the spontaneous fermentation of this product be-
long to the lactic acid bacteria (LAB)  genera Lactobacillus, Pediococcus 
and Micrococcus [1]. According to many reports on using LAB and bacte-
riocin-producing LAB as starter cultures to harm various pathogens in fer-
mented foods [2, 3] and traditional Thai fermented meat such as Nham [4], 
thus, an attempt to find the most potent bacteriocin-producing LAB strains 
from SI and use of these potent strains as starter cultures in order to improve 
the quality and safety during the fermentation of SI was studied. From our 
earlier report, we found that the isolated Ski2 from SI revealed to produce 
bacteriocin [5]. The bacteriocin from this strain showed the different inhibi-
tion spectrum from nisin and pediocin PA-1 producers. Thus, this bacterio-
cin-producing Ski2 was further study to identify for the species identification 
by 16S rDNA sequences. Moreover, molecular weight (MW) of the purified 
bacteriocin from this strain was also investigated and reported in this paper.
Methods
1.Bacterial strain
Gram positive rod shape of Ski2, which was isolated from SI produced by 
S. Khonkaen [5], was stored at -80o C in MRS broth containing 15% (v/v) 
glycerol. Before use, the strain was cultivated twice for 24 h at 30o C in MRS 
broth.
2. Identification of the suspected bacteriocin-producingSki2 by 16S rDNA se-
quence
Partial phenotypic characterization of strain Ski2 was performed follow the 
procedures described by Ennahar et al. [3]. After overnight cultured of Ski2, 
the cells was centrifuged and lysis using lysozyme. The mixture was fur-
ther provided with MagExtracter-Genome (TOYOBO) as specified by the 
manufacturer.   16S rDNA gene region of strain Ski2 was analyzed by PCR 
using primer 8UA and 1510B and PCR product was purified using a QIAquick 
PCR purification kit. Purified PCR product was used for DNA sequencing at 
Macrogen (Seoul, Korea). The obtained DNA sequences were analyzed us-
ing GENETYX-WIN software (GENETYX, Tokyo, Japan). Database searches 
were performed using BLAST of the National Center for Biotechnology Infor-

mation (NCBI, http://www.ncbi.nlm.nih.gov/ BLAST/).
3. Liquid Chromatography/Mass Spectrometry (LC/MS) analysis
1-L of overnight cultured of Ski2 was done in MRS broth at 30 oC and crude 
bacteriocin in the cell-free supernatant from 18-h cultured was purified by a 
four step procedures as described by Ennahar et al. [3]. Lactobacillus dex-
tranicus    JCM 5887T  has been used as indicator strain to investigate the 
potent fraction of purified bacteriocin after reverse phase HPLC. The MW of 
the most potent purified bacteriocin from Ski2 was determined using LC/
MS. The total ion chromatograms were taken in a mass range from m/z 500 
to 3000. To detect and identify a bacteriocin from supernatant, a mass chro-
matogram was taken in a mass range from m/z 1000 to 3000. The data ac-
quisition was performed using a JOEL MassCenter program.
Results
1. Identification of bacteriocin-producing Ski2 by 16S rDNA sequence
Ski2 which has informed from in our early report that its bacteriocin exhib-
ited low spectrum and showed inhibitory effect only on 2 indicators of Lb. 
dextranicus and B. coagulans (no activity on Lb. sakei and Listeria innocua) 
[5]. The identification using partial 16S rDNA sequence under the NCBI blast 
program revealed that this strain was related to Lb. plantarum with 100% 
identity (Data not shown). Thus, the strain Ski2 revealed to be a safety strain 
to be used as starter culture to improve the quality and safety for the pro-
duction of SI.
2. Liquid Chromatography/Mass Spectrometry (LC/MS) analysis
The purified peptides of bacteiocin from Ski 2 after reversed phase HPLC 
column was shown on Figure 1. The results revealed that the purified frac-
tions of bacteriocin from Ski2 were started to show its inhibitory effect 
against Lb. dextranicus JCM 5887T from fraction 19 until fraction 35. When 
compared the active fraction with the chromatogram results on Figure 1, we 
found that the purified peaks was shown on fraction 19-20 minutes after 
eluted with gradient acetonitrile. The peak was shown a bit higher up again 
when the purified bacteriocin was eluted with gradient acetonitrile after 30 
minutes. Thus these 2 purified bacteriocin fractions were further identified 
for their MW using LC-MS.
The results  from LC-MS revealed that both purified peptides showed the 
MW about 3,390 dalton for fraction 19 and 3,102 dalton for fraction 30 as 
shown in Figure 2 and Figure 3, respectively. From these MW results, thus, 
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we realize that this Lb. plantarum Ski 2isolated from SI  should produce 2 
peptide bacteriocins.
Conclusion
The results of this study informed that bacteriocin-producing LAB strain Ski2 
isolated from SI is belonged to Lb. plantarum. The strain might be produced 
2-peptide bacteriocins. This strain is possible to use as starter culture for im-
proving the good quality and safety production of traditional Thai fermented 
meat products for this food industry.

 
Figure 1
Chromatogram results of purified bacteriocins from 
Ski 2 after HPLC reversed phase purification step

 
Figure 3 
Molecular mass determination of purified bacteriocin freaction 30 
from Ski 2 using LC-MS

 
Figure 2 
Molecular mass determination of purified bacteriocin freaction 19 

from Ski 2 using LC-MS
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P-02-34 

A shelf-life model to predict the actual spoilage level in German pork supply chains (#538)

Stephanie Krieger-Güss1, Martin Hebel1, Antonia Albrecht1, Matthias Brunner2, Achim Baier3, Judith Kreyenschmidt1, 4

1 University of Bonn, Insitut for Animal Sciences, Bonn, Germany; 2 Tsenso GmbH, Stuttgart, Germany; 3 Arconsis IT Solutions GmbH, Karlsruhe, Germany; 4 University Geisenheim, Department of Fresh 
Produce Logistics, Geisenheim, Germany

Introduction
Appropriate shelf life assessment and monitoring the actual spoilage sta-
tus of fresh meat in food supply chains is still challenging. The aim of the 
FreshIndex project is the development and implementation of a dynamic 
quality FreshIndex for fresh pork based on predictive modeling. In combi-
nation with temperature monitoring data, the FreshIndex displays real-time 
information about the shelf life of the product.
Methods
The spoilage of more than 650 samples of MA-packed pork loin and steaks 
was characterized with focus on initial contamination, microbial and sensory 
spoilage, pH, texture and color. Storage tests under constant and dynamic 
conditions were conducted to characterize the spoilage kinetics of the food. 
Based on sensory and microbial models, a FreshIndex was established as 
real-time shelf life indicator. Finally, the implementation of the FreshIndex 
was investigated in pilot trials in a German pork supply chain.
As main predictors for the freshness, initial contamination, total viable count 
(TVC) during storage and sensory attributes were identified. Based on the 
growth of the TVC, a shelf life model was developed by combining the mod-

ified Gompertz and the Arrhenius model. It was matched to a sensory model 
to scale the information on a FreshIndex. Combining sensory and microbio-
logical models was challenging due to the variability of the data. The defini-
tion of a combined acceptance level enabled the calculation of the FreshIn-
dex.
Results
A freshness data cloud was established to provide the required data ar-
chitecture and enable an online data exchange to calculate the remaining 
shelf life and the FreshIndex, respectively. A mobile APP was developed to 
provide the actual product information in every step of the chain. In order 
to model the up scaling of the data, a Virtual Supply Chain was developed 
covering the Freshindex, logistic processes, flow of goods and sensor data.
Conclusion
The FreshIndex, in combination with adequate temperature monitoring solu-
tions, is considered as an effective tool to reflect the actual status of the 
product. An upscaling for different supply chains and for further perishable 
food products is planned as future prospect. This contributes to an improved 
cold-chain management and long-term prevention of food waste.
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P-02-35 

STEC Screening and STEC Identification using real-time PCR (#582)

Ivo Meier-Wiedenbach, Astrid Grönewald, Cordt Grönewald, Kornelia Berghof-Jäger
BIOTECON Diagnostics, Potsdam, Germany

Introduction
Every year, food-borne illnesses caused by Shiga toxin-producing Esche-
richia coli (STEC) claim many lives worldwide. STEC are most commonly 
transmitted through raw ground beef, raw or inadequately pasteurized milk, 
sprouts and vegetables. Most infections are caused by E. coli serotype O157 
and a number of non-O157 E. coli serotypes (e.g., “Big Six”). In 2011, E.coli 
O104:H4, not a member of the “Big Six”, caused a serious outbreak in Ger-
many. ISO/TS 13136 requires screening for the virulence factors stx1, stx2, 
and the intimin eae, following identification of five serotypes (O26, O103, O111, 
O145 and O157). Besides O157, the US focuses on the “Big 6” (O26, O45, 
O103, O111, O121 and O145). Moreover, in the European Union there was an 
extension of regulation (EC) 2073/2005, which additionally requires testing 
for O104 serogroup.
Methods
BIOTECON Diagnostics has developed two real-time PCR kits that enable 
the easy screening for STEC and the subsequent identification of the most 
important eight serotypes (O26, O45, O103, O104, O111, O121, O145 and O157) 
in less than 24 hours. The foodproof® STEC Screening LyoKit detects stx1, 

stx2, eae, and the internal amplification control in one single PCR reaction. 
Following screening, the most important eight serotypes can be identified 
by melting curve analysis in just one additional PCR reaction using the food-
proof® STEC Identification LyoKit.
Results
During validation, all tested 81 STEC strains comprising at least 13 different 
O-serotypes STEC have been detected and correctly identified. The limit of 
detection of pure DNA is at least 20 genome equivalents for all eight target 
serotypes. The assay is based on ISO/TS 13136, but it was further expanded 
to detect all known variants of the stx-genes. In particular, stx2f is missing 
from the ISO method, but can be easily detected with the screening assay.
Conclusion
For convenience, safety, and easy storage the reaction mixes in the food-
proof® LyoKits are pre-filled and lyophilized, so that the sample DNA can be 
added directly to the reaction tube. Thus, these kits allow an easy and con-
venient screening and identification of the “Big Six”, O157, and O104 in less 
than 24 hours using real-time PCR technology.
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P-02-36 

Microbiological quality during refrigerated storage of fresh pork patties added with extracts of date byproducts 
(#589)

María de los Angeles De la Rosa-Alcaraz1, Gastón R. Torrescano-Urrutia1, Humberto Astiazarán-García1, José Angel Pérez-Alvarez2, Juana Fernán-
dez-López2, Armida Sánchez-Escalante1, Nelson O. Huerta-Leidenz3

1 Centro de Investigación en Alimentación y Dasarrollo, A.C., Hermosillo, Mexico; 2 Universidad Miguel Hernández, Orihuela, Spain; 3 Texas Tech University, Lubbock, US

Introduction
Microbial activity is one of the primary causes of meat and meat products 
deterioration. The microbial growth on meat, depends on factors that persist 
during processing, transportation and storage (Nychas et al. 2008). Con-
sumers’ concerns about the freshness of meat and meat products are daily 
increasing, so that searching for innovative solutions to this problem is a 
clear opportunity (Nychas et al. 2008; Byun et al. 2003). Food by-products 
are good sources of antimicrobial compounds, including alkaloids, essential 
oils, glycosides, peptides, saponins and phenolic compounds (Guil-Guerrero 
et al. 2016). Fruit by-products might be used as alternatives to synthetic food 
preservatives (Guil-Guerrero et al. 2016; Andrés et al. 2017). In fact, addition 
of by-products derived from tomato, red grape, olive and pomegranate to 
lamb patties reduced their microbial counts and concomitantly increased 
redness (a* value) and antioxidant status (Andrés et al. 2017). Also, it has 
been demonstrated that date seeds exert antimicrobial growth against 
Gram-positive (Bacillus subtilis and Staphylococcus aureus) and Gram-neg-
ative bacteria (Escherichia coli and Pseudomona fluorences) (Ammar et al. 
2009). Based on the aforementioned findings the aim was to assess the mi-
crobiological quality during refrigerated storage of fresh pork patties added 
with extracts of date byproducts.
Methods
Ethanol extracts were obtained from date byproducts using 1-h ultrasonic 
extraction. Pork patties were formulated to represent four treatment groups 
[date seed extract (DSE, 0.2%), date fruit extract (DFE, 0.2%), butyl hydroxy 
toluene (BHT, 0.2%) and control (C)] and stored at 4 °C for 9 days, under re-
frigerated conditions. Proximate composition (moisture, fat, protein and ash 
content) of pork patties were evaluated on day 0, while pH values were eval-
uated during storage (AOAC, 1995). Assesments of microbiological quality 
during storage included lactic acid bacteria (LAB), psychrophilic bacteria 
(PSB) and total viable plate (TVC) counts (NOM-092-SSA1-1994). Two rep-
licates of the experiment were carried out. In each replication, three patties 
per analysis were sampled. Data were subjected to ANOVA and means were 
separated by the Tukey’s test (P<0.05).
Results
Proximate composition of pork patties was within the expected ranges (Ta-
ble 1). The pH of patties was unaffected (P>0.05) by the addition of date 

extracts and decreased (P<0.05) from 5.75 to 5.47 throughout storage pe-
riod. Changes in LAB, PSB and TVC are shown inTable 2. LAB and TVC 
increased (P<0.05) during storage but their values were lower than 8 log 
UFC/g. DSE and DFE samples exhibited significantly lower PSB values at 
day 9 (7.48 and 7.33 log UFC/g, respectively) as compared to both control 
and BHT counterparts (9.00 and 8.07 log UFC/g, respectively).
Conclusion
The pH values for all treatments were within the typical range observed for 
pork meat (5.4-5.8) and are in agreement with a report on pork patties added 
with brown extract (Laminaria digitata) (Moroney et al. 2013). TVC and LAB 
counts complied with the value (7 log cfu g-1) set by the International Com-
mission on Microbiologial Specifications for Foods (ICMSF) whereas, both 
C and BHT treatments exceeded the ICMSF benchmark for PSB (ICMSF, 
1986). The latter finding suggest that the lack of antimicrobial compounds in 
the non-extract treatments favoured growth of PSB during refrigerated stor-
age. Conversely, the antimicrobial activity of bioactive compounds present in 
date seed by-products, including phenolic acids and flavonoids such as cat-
echin (Ammar et al. 2009), could affect PSB cells, attacking the phospholipid 
bilayer of the de cell membrane, disrupting enzyme system, and compro-
mising their genetic material (Tajkarimi, Ibrahim, & Cliver, 2010). The present 
results highlight the potential usage of date by-products as an efficient in-
gredient to retard microbial growth during chilled storage or raw pork patties.
References
1. Nychas, G.J.E. et al. (2008). Meat spoilage during distribution. Meat Sci 78: 
77-89.
2. Byun, J.S. et al. (2003). Comparison of indicators of microbial quality of 
meat during aerobic cold storage. J Food Prot 66: 1733-1737.
3. Guil-Guerrero, J.L. et al. (2016). Antimicrobial activity of plant-food by-prod-
ucts: A review focusing on the tropics. Livestock Sci 189: 32-49.
4. Andrés, AI. et al. (2017). Food by-products as potential antioxidant and 
antimicrobial additives in chill stored raw lamb patties. Meat Sci 129:62-70.
5. Ammar, N.M. et al. (2009). Flavonoid constituents and antimicrobial activity 
of date (Phoenix dactylifera L.) seeds growing in Egypt. In Proceedings of 
4th conference on research and development of pharmaceutical industries 
(Current Challenges). Med Arom Pl Sci Biotech 3: 1-5.
6. AOAC (1995). Official method of analysis (16th ed.). Washington, DC: As
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9. Moroney, N. et al. (2013). Effect of a brown seaweed (Laminaria digitata) ex-
tract containing laminarin and fucoidan on the quality and shelf-life of fresh 
and cooked minced pork patties. Meat Sci 94(3):304-311.
10.Tajkarimi, M., Ibrahim, S. A., & Cliver, D. (2010). Antimicrobi-
al herb and spice compounds in food. Food Control, 21(9), 1199-1218.

 

Table 2
Table 2. Microbiological quality and pH during refrigerat-
ed storage of pork patties added with date byproducts extracts.

 
Table 1 
Table 1. Proximate composition of pork patties added with date 
by-products extracts.
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P-02-37 

Yersinia enterocolitica grows and remains active in pork packaged under high-O2 modified atmosphere (#597)

Elina J. Säde1, Ilhan C. Duru2, Jenni Hultman3, Petri Auvinen2, Katri J. Björkroth3

1 University of Helsinki, Dept. of Food Hygiene and Environmental Health, Helsinki, Finland; 2 University of Helsinki, Institute of Biotechnology, Helsinki, Finland; 3 University of Helsinki, Dept. of Microbiol-
ogy, Helsinki, Finland

Introduction
Yersinia enterocolitica 4/O:3is a frequent cause of sporadic human yersin-
iosis in Finland, and contaminated pork is considered its main vector. It is 
widely agreed that the contamination of meat with Y. enterocolitica takes 
mainly place during slaughtering and processing of carcasses. However, 
less is known what happens to Y. enterocolitica in the distribution chain and 
how the storage conditions and interaction with other bacteria growing in 
meat affect Y. enterocolitica. Thus, the purpose of this study was to asses if Y. 
enterocolitica is able to survive, remain active and grow as part of developing 
spoilage microbiome in high-O2 modified atmosphere packaged pork steaks.
Methods
Fresh pork neck steaks (ca. 150-180 g) were obtained from a Finnish meat 
cutting plant. Steaks were cut to half, and the other half was spiked with 
Yersinia enterocolitica strain 4/O:3 (spiked samples) at levels of ca 6000 
CFU/g, and the other half was left untreated (control). Steaks were packaged 
under modified atmosphere containing 70% O2 and 30% CO2, and stored at 
5 °C. At days 2 to 9 and at the day 12, 3 spiked and 3 control packages were 
opened and sampled (25 g) for the following microbiological determinations: 
Y. enterocolitica, Enterobacteriaceae, aerobic microbes and lactic acid bacte-
ria on CIN, VRBG, PCA and MRS medium, respectively. Metatranscriptomic 
analyses were conducted at day 3, 5, 7, 9 and 12: cells were collected from 
10 g samples for RNA extraction followed by   cDNA amplification, library 
construction, sequencing, quality filtering and adapter trimming of the reads 
before mapping of reads other than rRNA.
Results
Microbial numbers and pH: During the 12-day trial, Y. enterocolitica 
numbers increased from 2.6 × 104 to 3.3 × 106 CFU/g in spiked samples, 
whereas in control steaks, the numbers remained below the detection limit 

(100 CFU/g) throughout the trial. In most sample, also the numbers of En-
terobacteriaceae, aerobic microbes and lactic acid bacteria increased during 
the trial, and at the day 12, colony counts of 2.0 × 107, 8.4 × 108, and 6.3 × 108 

, respectively, were recorded. The pH values ranged from 5.74 to 6.59 being 
lowest at the days 5 and 6 (mean pH 5.91), and highest at the day 12 (mean 
pH 6.46)
Metatranscriptomic analysis: For the spikde samples, the pro-
portion of RNA reads mapped to Y. enterocolitica ranged from 0% to 1.86%, 
whereas most of the reads obtained were mapped to lactic acid bacteria, 
mainly to species Leuconostoc gelidum, Lactococcus piscium, Carnobacteri-
um divergens and Carnobacterium maltaromaticum, and to Brochothrix ther-
mosphacta. For the control samples, 12 to 67% of the reads obtained were 
mapped to the above mentioned species of lactic acid bacteria, and 24 to 
48% to B. thermosphacta. In additon, a varying proportion (0 to 42%) of  RNA 
reads mapped to Acinetobacter spp., with highest (24-42%) proportion ob-
tained in control steaks analyzed at the end of the trial.
Conclusion
Our work suggests that Y. enterocolitica 4/O:3 is well-adapted to grow in 
chilled pork packaged under a modified atmosphere with 70% O2 and 30% 
CO2: Y. enterocolitica 4/O:3 was able to grow and reach high numbers (>106 

CFU/g) in pork and remained metabolically within the developing spoil-
age bacterial community until the end of the 12 -day trial. Furthermore, we 
showed that B. thermosphacta, L. gelidum, L. piscium. C. maltaromaticum, C. 
divergens and Acinetobacter spp. were dominating the bacterial communities 
and played a key role in the microbiomes of spoiled samples. Whereas L. 
gelidum, L. piscium, Carnobacterium spp. and B. thermosphacta are all known 
meat spoilers, Acinetobacter spp. has been less frequently reported in spoil-
ing meat, and thus, its role in the spoilage process deserves further studies.
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P-02-38 

The use of Verdad® Avanta™ F250 with multiple functionalities to extend the shelf life of fresh beef patties (#601)

Edwin V. Harmelen1, Apostolos Papageorgiou1, Janneke Wijman1, Karin Beekmann-Metselaar1, Garrett McCoy2, Saurabh Kumar2

1 Corbion NL, Gorinchem, Netherlands; 2 Corbion USA, Lenexa, US

Introduction
Fresh meat is a highly perishable product with a typical shelf life of less 
than a week at refrigerated storage. Shelf life extension of fresh red meat 
involves both inhibition of oxymyoglobin oxidation, which results in loss of 
the red meat color (Coma V. 2008), as well as inhibition of microbial growth. 
Shelf life can be extended only by controlling both of these aspects. With 
the increasing demand of clean and clear label ingredients, the use of ‘kitch-
en cupboard ingredients’ like plant extracts, spices and vinegars with more 
than one functionality is increasing in popularity (McMillin KW. 2008). Sever-
al extracts and spices were therefore assessed on antimicrobial activity and 
color stability. An optimized ratio with synergistic effect of antioxidant and 
vinegar powder was developed as a promising clean label solution for fresh 
red meat preparations. The aim of this study was to evaluate the efficacy of 
Verdad® Avanta™F250 (AVB) to extend color stability, inhibit bacterial growth 
and maintenance of taste in fresh beef patties.  
Methods
Beef patties were produced, with and without the addition of 0.3% AVB. 
Samples to determine color stability were packaged in duplicate and each 
set (n=2) was placed on a different tray in a show cabinet to imitate display 
conditions. Each tray and location had the same light intensity and display 
conditions were set at: 1000 lux 16 hours on, 8 hours off. Pictures were taken 
at the same settings and light conditions at different time points to allow 
for visual comparison. Sensory evaluation was done on grilled patties by a 
sensory quality method using a Difference From Control (DFC) test. Burgers 
were evaluated with a small trained sensory panel (n=7). Ratings were done 
on a scale from 1 to 10 as a difference against a previously determined rating 
for the reference. Microbial growth inhibition was determined by a shelf life 
study. Beef patties were packaged and stored dark at 4°C. At appropriate 
time intervals, samples of the burger were aseptically taken for microbiologi-
cal analyses. After homogenization and dilution, the samples were plated on 
BHI agar for total plate counts, MRS agar for lactic acid bacteria counts and 
VRBG agar for counts of Gram negative bacteria. 
Results
The color stability test showed that 0.3% AVB resulted in a longer stability of 
the red meat color compared to the control (Figure 1). After 8 days the control 
discolored greatly, indicating the formation of metmyoglobin while 0.3 AVB 
was able to prevent the oxidation reaction and maintain the red color of fresh 
meat up to 17 days.  AVB prevented the formation of metmyoglobin, improv-

ing the color stability of beef patties throughout the 17 day display period.  
The sensory test indicated that there was no impact on flavor of 0.3% AVB 
compared to the control (Figure 2). There was a slight increase in bitter taste 
perception but all other parameters were unchanged.
From Figure 3 results. it can be seen that the addition of 0.3% AVB can 
extend the shelf life of fresh beef patties. Total plate counts and growth of 
LAB until a level that is generally accepted to cause spoilage (~7 log cfu/g) 
are delayed. Also the maximum number of cells is approximately 2 log cfu/g 
lower for the beef patties with AVB compared to the control. Growth pa-
rameters for total plate counts and LAB are very similar, indicating that total 
plate counts are most likely dominated by LAB. Gram negative bacteria are 
even completely inhibited over a period of 18 days in the AVB patties, while 
the control samples show outgrowth of Gram negatives over the same time 
period (Figure 3C).
Conclusion
The combination of sensory evaluation, color stability test and microbio-
logical testing showed that 0.3% AVB is a promising clean label solution 
to extend the shelf life of fresh beef patties. The overall shelf life solution, 
AVB, is not only microbiologically active but also prevents oxidation, and 
thus improvement of color stability, thereby providing overall stability of fresh 
meat. Unlike many alternatives which are known to impact sensory profile 
negatively, AVB treatment maintained the sensory profile acceptance. In ad-
dition to preventing spoilage, AVB solution also contributes to food safety 
enhancement by inhibiting the pathogenic gram negative bacteria.   
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Figure 2.  
Results of the DFC sensory test of grilled fresh beef patties with  
and without 0.3% AVB.  

 
Figure 1.  
Results of the color stability test of fresh 
beef patties with and without 0.3% AVB.

 
Figure 3.  
Microbial growth of naturally contaminated fresh beef patties with-
out (black) and with 0.3
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P-02-39 

Validation of highly effective clean label antimicrobial, Verdad® Opti Powder N510 to control resistant lab and liste-
ria monocytogenes in a high moisture uncured turkey (#603)

Catalin Iancu1, Sara Lasuer2, Renate Zumbrink1, Gijs Lommerse1, Daniel Unruh2, Janneke Wijman1, Saurabh Kumar2, Karin Beekmann-Metselaar1

1 Corbion NL, Gorinchem, Netherlands; 2 Corbion USA, Lenexa, US

Introduction
Meat products are  spoiled by organic acid resistant lactic acid bacteria 
(LABs). High pH, moisture and low salt combined with ineffective antimicro-
bials can pose a food safety risk due to Listeria monocytogenes.  Application 
of antimicrobials in concert with good manufacturing practices  can control 
Listeria in ready-to-eat (RTE) meat products (Mellefont et al. 2007). However, 
our global studies have shown that regularly used clean label antimicrobi-
als like vinegar is ineffective in controlling resistant LAB’s.  Vinegar is also 
very ineffective in pH of 6.4 of higher values in deli meat to control Listeria 
monocytogenes. The objectives of this study were (1) to screen several LAB 
isolates for resistance to common antimicrobials by analysis of lag phase 
and growth rate, then combine the most resistant strains into a cocktail; (2) 
analyze a new antimicrobial (Verdad® Opti Powder N510 – cultured cane 
sugar and vinegar (CSV)) for control of resistant LABs; and (3) analyze the 
control against L. monocytogenes in very susceptible (high pH, low salt, high 
aw, high moisture, long shelf life like 150 days) formulations.
Methods
Resistant LAB cultures, obtained from a commercial poultry and maintained 
frozen were activated in De Man, Rogosa, and Sharpe (MRS) broth (18 h at 
30°C). Solutions of MRS with and without various concentrations of acetic 
and lactic acid (range 0-5%) were created, filtered, and transferred (200 µL) 
to sterile bioscreen plates. LAB cultures (independent and in a cocktail) were 
diluted and inoculated (3 µL) into the bioscreen plates. Plates were incu-
bated (3 d at 30°C) in a bioscreen, and optical density was measured every 
15 min at 420-580 nm. Growth curves were fitted to the exponential and 
Gompertz models to determine the growth rate. Next, restructured uncured 
turkey rolls were manufactured using a formula with 2% salt and varying 
levels of antimicrobial to achieve 20% extension. In one experiment, turkey 
was inoculated with LABs (ca. 9 log CFU/g) prior to cooking, and a portion of 
samples were enumerated upon initial inoculation, 0 h after heating, and 24 h 
heating to demonstrate lethality and any synergistic impact of cultured sugar 
and vinegar (CSV) solution. In a second experiment, turkey was stuffed in 
high barrier casings, then cooked to an internal temperature of 73°C. Sam-
ples were sliced (25 g) and inoculated with ca. 3 log CFU/g resistant LAB 
cocktail, vacuum packaged, and stored at 4.4°C to determine shelf life. In 
both experiments, enumeration was performed on MRS agar (30°C for 48 h). 
Finally, samples were prepared as previously described for shelf life analy-

sis, but were instead inoculated with L. monocytogenes following cooking by 
applying ca. 3 log CFU/g cocktail to each turkey slice prior to vacuum pack-
aging. Samples were stored at 4.4°C until enumeration on modified Oxford 
agar (MOX; 35°C for 48 h).
Results
The effect of lactic and acetic acid on relative growth rate (γ; Fig. 1) and im-
pact of lag time (h) were determined via bioscreen. Fig. 1 demonstrates that, 
while γ decreases with increasing acid concentration as expected, there are 
differences among strains that would impact cocktail performance. Similar 
differences were observed for lag time.
Figure 1
The novel CSV solution was challenged by a cocktail containing all 7 strains 
of resistant LABs since the previous experiment showed that the resistant 
LAB cocktail has an average resistance as compared the individual strains. 
Application of CSV at varying concentrations demonstrates immediate de-
struction of LABs following heating and 24 h thereafter (Fig. 2A). Specifically, 
noticeable differences are observed at concentrations of 2%, 2.5%, and 3% 
antimicrobial compared to control (no antimicrobial) and a market reference 
(2.2% dry vinegar powder). Control of resistant LABs by the CSV solution  
throughout shelf life was also demonstrated (Fig. 2B) compared to control 
and a 2.2% dry vinegar powder market reference. Specifically, while control 
treatment and market reference visually spoiled (>6.5 log CFU/sample LAB) 
within 21 days, no growth of resistant LABs were observed throughout the 
120 d study period.
Figure 2
Finally, application of Verdad® Opti Powder N510 also controlled L. monocy-
togenes throughout a 70 d shelf life period. While control samples failed (> 
2 log outgrowth of L. monocytogenes) within 7 d, Verdad® Opti Powder N510 
prevented L. monocytogenes growth throughout the analyzed shelf life at all 
concentrations tested (range 2.5% to 3.5%).
Figure 3
Conclusion
Lactic acid bacteria, particularly those resistant to antimicrobial interven-
tions, are a challenge for deli meat producers, shortening shelf life and re-
sulting in undesirable organoleptic changes.  Furthermore, evolving factors 
such as high pH of processed meat, high moisture, long shelf life needs, low 
salt driver (resulting in high aw) make the control of Listeria monocytogenes 
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very difficult with standard antimicrobial classes such as vinegar etc. and 
more effective and potent clean label solutions such as novel CSV are crit-
ical to ensure food safety. The studies presented here elucidated the wide 
spectrum antimicrobial performance of Verdad® Opti Powder N510 to control 
both resistant LABs and L. monocytogenes.

 
Figure 3. 
Control of L. monocytogenes by Verdad® Opti Powder N510 in uncured 
turkey.

 
Figure 2.
Resistant LABs kinetics with Verdad® Opti Powder N510 in un-cured 
turkey. (A) demonstrates

  
Figure 1.
Relative growth rate of seven (A-G)resistant LAB strains at varying  

concentrations of lact
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Behavior of Clostridium sporogenes, Listeria monocytogenes and Salmonella in salpicao – A cured pork loin made 
with wine marinated meat. (#609)

Ana-Filipa Carvalho2, Rita Reis2, Maria-João Fraqueza1, Luis Patarata2

1 CIISA - Centro de Investigação Interdisciplinar em Sanidade Animal, Faculdade de Medicina Veterinária, Universidade de Lisboaa, Lisbon, Portugal; 2 CECAV, University of Trás-os-Montes e Alto Douro 
(UTAD), Vila Real, Portugal

Introduction
Salpicão is a dry-cured sausage in traditional Portugal. It is made from whole 
pieces of pork loin marinated in a brine composed by wine, garlic, bay leaf 
and salt. The industrial manufacture of Salpicão includes in its formulation of 
sodium or potassium nitrite and nitrate, to contribute to the formation and 
stability of the color and to guarantee the control of Clostridium botulinum. 
Recently, the World Health Organization (WHO) released a report by the 
International Agency for Research on Cancer (IARC), informing that meat 
products may increase the risk of colon cancer, among other reasons due to 
the presence of nitroso-compounds. The difficulty in finding options for the 
use of nitrite and the limited knowledge available about the biological safety 
and the sensorial characteristics of the products in which nitrite is eliminated 
or reduced leads to the need to study alternatives. The objective of this work 
was to evaluate the consequences of removing nitrite from salpicão on the 
behavior of Clostridium sporogenes (used as a surrogate for Cl. botulinum), 
Listeria monocytogenes and Salmonella.
Methods
Pork loins were cut transversely in portions of ±300g each and were ex-
posed to UV illumination for 15 minutes on each side and freeze until use. 
The meat portions were thawed for 48 h at 4 ° C. On the day of inoculation, 
a 24 h culture of each microorganism to be inoculated (Cl. sporogenes DSM 
767; L. monocytogenes ATCC 35152; Salmonella ATCC 49214. The last two 
included also two wild strains isolated from meat products)
The culture(s) of each microorganism was diluted in 1 L of 0.85% NaCl in 
order to obtain a concentration of about 10E6 viable microorganisms per ml. 
The contamination was carried out in three different blocks, separated in 
time, with the respective microorganism, Cl. sporogenes, L. monocytogenes 
or Salmonella spp. The meat portions were dipped into the suspension of 
each microorganism for about 1 minute and shaken manually. Then the piec-
es of meat were removed from the suspension and placed on steel net trays 
of about 2 cm mesh. The base brine consisted of 50% red wine from the 
region and 50% water, 2% salt, 1% fresh chopped garlic and 0.5% dried bay 
leaf. In the control assay, this brine was used without any other ingredient. In 
the brine in which the nitrite effect was studied, 150 mg / L of sodium nitrite 
was added. After 5 days marinating the pieces of loin were filled in a collagen 
casing. The smoking process was carried out in a chamber with an electric 

smoke generator, using beechwood chips. In this process, the temperature 
did not exceed 35ºC. The curing/drying phase was performed in a climatic 
chamber at 15 ± 2 ° C for 30 days. Samples were taken (in triplicate) for 
analysis after contamination, at filling, and 8, 21 and 30 days after smoking.
Counts of Cl. sporogenes were made after pasteurization of initial dilution in 
medium PA3679. L. monocytogenes and Salmonella were counted in Com-
pass media (Biokar). The activity of water was measured in a rotronic Hy-
groscop DT,WA-40.
Results were compared by ANOVA using the software XLStat (Addinsoft)
Results
The counts of Clostridium sporogenes, L. monocytogenes and Salmonella spp. 
In salpicão prepared without and with sodium nitrite are presented in table 
1. The use of the additive showed an improvement (p<0.05)in the control of 
Cl. sporogenes. That effect only detectable at the filling stage. L. monocyto-
genes was not inhibited by the presence of nitrite, when compared with the 
control. The experiment inoculated with salmonella was not influenced in any 
processing phase. After 8 days of storage (21 and 30 days) the counts were 
below the detection limit; At 30 days, nor L. monocytogens nor Salmonella 
was detected in 10g after enrichment. At 30 days the products had a mean 
aw of 0.89.
Table 1. Counts of Clostridium sporogenes, L. monocytogenes, and Salmo-
nella spp. In salpicão prepared without and with sodium nitrite. Results are 
expressed in mean±SD of log CFU/g
Microorganism Production phase Control Nitrite p

Clostridium sporogenes      

Meat after contamination 2.73±0.23    

Filling (5d in brine) 2.60±0.31 1.84±0.13 0,018

8 d after smoking 0.07±0.12 0.08±0.14 0,916

Listeria monocytogenes      

Meat after contamination 4.43±0.13    

Filling (5d in brine) 3.49±0.14 3.89±0.03 0,009

8 d after smoking 2.18±0.58 2.75±1.41 0,552

Salmonella spp.      

Meat after contamination 4.39±0.03    

Filling (5d in brine) 4.41±0.30 3.97±0.37 0,178

8 d after smoking 0.89±0.78 1.21±1.22 0,716
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Conclusion
The results of the present study allow contributing to the validation of the 
safety of traditional products manufactured in small manufacturing units 
without the use of chemical additives that open interesting perspectives for 
the possibility to the industry to withdraw or decrease the nitrite dosage in 
the manufacture since it is provided the appropriate drying conditions.
Acknowledgments: Project GO77 PDR2020-1.0.1-FEADER-031359 
and CIISAproject (UID/CVT/00276/2013) 
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Tracking the spoilage microbiological profile of sheep fleece and derived carcass pre and post chill in a lamb plant 
(#624)
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Introduction
During sheep slaughter and dressing, the animal fleece is recognised as an 
important source of microbial contamination for the carcass. In many coun-
tries, including Ireland, a sheep clean livestock policy (CLP) is implement-
ed, based on a visual assessment or scoring of the cleanliness level of the 
fleece. The aim of the policy, being to reduce the level of dirt and microbial 
contamination entering the meat plant and ultimately to reduce the microbial 
contamination levels on the ovine carcass. This study aimed to track the total 
and spoilage microbiological profile on sheep fleece and derived carcass 
after dressing and evisceration, and after two different lengths of carcass 
chilling. The aim being to observe both microbial cross contamination from 
fleece to carcass and changes in microbial numbers on the carcass, during 
the slaughter and chilling processes.
 
Methods
This study was carried out at a commercial sheep slaughtering factory and 
animal batches of the same CLP category were selected. In Ireland, sheep 
are visually scored under the CLP using three categories A, B or C based 
on their cleanliness on arrival at the lairage, with A being satisfactory and 
C the dirtiest and unacceptable for slaughter. Three trips were made to one 
plant, trip 1 (50 sheep, CLP B); trip 2 (56 sheep, CLP A); and trip 3 (60 sheep 
CLP B). Immediately after killing and after clipping, a sterile carcass sampling 
sponge (polyurethane foam with a high surface area and abrasive in nature, 
10 cm x 10 cm area, and 10 mm thick) and pre-moistened with Maximum Re-
covery Diluent (MRD) were used to swab an area of 200 cm2 from the fleece, 
along the animal’s midline region. After carcass dressing and before chilling, 
one side of the carcass was selected at random and swabbed at four dif-
ferent sites (flank, lateral thorax, breast and brisket) (100 cm2 each) and the 
swabs pooled. The carcasses were then placed in the chill room (2.9°C) and 
half of the carcass batch on each trip, were chilled for 24 h and the remainder 
for 72 h. After 24 h or 72 h chilling, the previously un-swabbed side of the 
carcass was swabbed as above. All pooled swabs were returned to the labo-
ratory under chilled conditions and microbiologically analysed for mesophilic 
and psychrophilic aerobic colony counts, Enterobacteriaceae, Pseudomonas 
spp., Brochothrix thermosphacta and lactic acid bacteria using relevant ISO 
standard protocols. Microbial counts (log cfu cm-2) were analysed by Anal-

ysis of Variance (ANOVA) at a 95% confidence interval coupled to Tukey’s 
test to detect significant differences between stage or treatments. Statistica 
(v.4.2) (StatSoft) and R (v.3.4.4) were used to perform paired comparisons of 
counts between samples and the individual animal they derived from.
Results
The mean and range of microbial counts (log10 cfu cm-2) on the lamb fleece 
on each of the three sample trips is summarised in Table 1. Overall, the mean 
mesophilic aerobic counts was 4.4 ± 0.7 log10 cfu cm-2. However, it is note-
worthy that there was high variability in the mesophilic aerobic counts within 
each trip and CLP batch of animals (up to 2 log variation). This animal to an-
imal microbial variation was also the trend for the other microbial counts as-
sessed on the fleece. These levels of microbial contamination on the fleece 
from micro-organisms typically linked to meat spoilage highlight the risk for 
carcass contamination. Table 2 shows the microbial counts on dressed car-
casses before chilling. Results not shown demonstrated a strong correlation 
(P<0.05) between mesophilic and psychrophilic aerobic counts and lactic 
acid bacteria counts on fleece and dressed carcasses at an individual animal 
level. Table 3 shows impact of carcass chilling time (24 h versus 72 h) on the 
microbial counts on all carcasses (n=166). It is noted that mesophilic aerobic 
colony counts, Pseudomonads and B. thermosphacta were all significantly 
higher (P<0.05) (up to 0.5 log higher) indicating that these groups of micro-
organisms were continuing to grow on the carcass during chilled storage.
Conclusion
This study highlights that the fleece is a significant source of microbial con-
tamination linked to meat spoilage and the need for the strictest hygiene in 
fleece removal, even those which are visually clean (CLP A). It also highlights 
the level of variability in microbiological counts between animals and car-
casses within the same batch and the potential cross contamination impact 
from one high contaminated animal/carcass. The length of carcass chilling is 
also shown to support increases in numbers of selected spoilage micro-or-
ganisms which may ultimately impact on lamb spoilage and shelf-life.
Acknowledgement
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Table 3  
Mean microbial counts (log10 cfu cm-2) on sheep carcasses (n= 166)  
after 24 or 72 h chilling

 
Table 2 Mean and (range) of microbial counts (log10 cfu cm-2) on 
sheep carcasses after dressing and  
Table 2 Mean and (range) of microbial counts (log10 cfu cm-2) on 
sheep carcasses after dressing and before chilling

 
Table 1  
Mean and (range) of microbial counts (log10 cfu cm-2) on sheep fleece



Notes

65th International 
Congress of Meat Science 
and Technology

190

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-03-01 

Dynamics of sensory perception of Holstein beef assessed by temporal dominance of sensations (#58)
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Introduction
The objective of this study was to assess the major sensory characteris-
tics and dynamic sensory perception of Holstein beef. Holstein are widely 
produced as a beef cattle in Japan. “Wagyu” which is a typical breed of Jap-
anese beef cattle is characterized by a large amount of intramuscular fat. 
Thus, visual appearance and sensory characteristics of Wagyu beef is dif-
ferent from lean type beef. On the other hand, Holstein beef is characterized 
as a lean type beef in Japan, and Japanese consumers generally consider 
that sensory characteristics of Holstein beef is not different from imported 
beef. To characterize the Holstein beef, it is necessary an understanding of 
major sensory attributes of Holstein beef. For this purpose, we focused on 
the “temporal dominance of sensations (TDS)”. TDS is a dynamic sensory 
method that captures the “dominance of sensation” throughout food con-
sumption, and it is possible to determine the priority of sensory attribute by 
“dominance rate” over time [1]. Our recent study demonstrated that the major 
sensory attributes of Wagyu beef by using of TDS [2]. Thus, TDS is expected 
as a useful method to determine the sensory characteristics of Holstein beef.
Methods
Strip loin was obtained from 3 Holstein steers. Each sample was aged at 
4°C for 20 days after slaughtering, vacuum packed and stored at −30°C. 
The samples were thawed in a refrigerator for one day and formed into 4 
mm thick disks (4 cm diameter). The meat disks were cooked on an electric 
griddle set at 180°C for 30 s for each side and kept warm in warm cabinet set 
at 70°C until just before the TDS test.
 
The 12 sensory attributes (Figure 1) were established for TDS during pre-
liminary sensory sessions. The definition and reference of each sensory 
attribute were presented to assessors as described previously [3]. For the 
TDS test, 16 panelists were selected and trained as sensory panel members, 
as described previously [4]. The TDS computerized system designated by 
MagicSense (Taste Technology LLC., Tokyo, Japan) showed the entire list of 
attributes on a computer screen to the panelists. Panelists were instructed to 
click on the “START” button as soon as they put the sample in their mouth. 
They could then successively select the characteristics that most triggered 
their attention from the 12 attributes. The TDS test lasted for 60 s, and data 
were recorded every 0.2 s. The TDS session was conducted three times with 
muscles from different carcasses used in each session. Each panelist evalu-

ated one piece of meat disk in each session. Finally, a total of 46 evaluations 
were conducted.
 
Collected data was analyzed as described by Pineau et al. (2009) [1]: 1) For 
each time point and each attribute, “Dominance rate”, which is the rate of 
runs for assessed as dominant, was calculated. 2) The “chance level” is the 
dominance rate that a characteristic can obtain by chance considering all of 
the characteristics evaluated. Its value is equal to 1/p, p being the number of 
sensory items. 3) The ‘‘significant level” was calculated from the confidence 
interval of a binomial proportion based on a normal approximation taking into 
account the chance level and the 46 evaluations performed, which resulted 
in 0.15.
Results
Dominance rates of “tough and/or hard,” “dry,” “umami,” and “oily odor” were 
exceeded the significant level in Holstein beef (Figure 1). “Tough and/or 
hard” was dominant at the at the beginning of the eating process; “dry” had 
the longest duration of dominance (almost 3 to 55 s); “umami” was mainly 
dominant in almost 8 to 27 s; “oily odor” was dominant in almost 27 to 28 s 
(Figure 1).
Conclusion
The conventional descriptive sensory tests cannot evaluate the relative 
perception priority among sensory characteristics because each sensory 
characteristic was evaluated independently. In contrast to these tests, the 
TDS provided a good overall description of the major sensory characteristics 
of Holstein beef during the consumption process. In addition, dynamics of 
sensory perception of Holstein beef was revealed. Accordingly, the TDS re-
vealed new information which makes it easy to understand the complex beef 
sensory characteristics. In further studies, the integrity of the TDS by com-
paring the TDS results with a conventional descriptive sensory test should 
be verified. In addition, a direct comparison with Wagyu beef are needed in 
order to clarify distinctive sensory traits of Holstein beef.
References
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Detection of irradiated dry fermented sausages by near infrared spectroscopy (#14)
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Introduction
Food irradiation can be used to increase the food safety and to extend shelf-
life of a wide range of foods. In recent years European pig meat producers 
have expressed a growing interest in the feasibility of irradiation technology 
to improve the safety of meat products intended for export in some markets 
where public health policy have established a zero tolerance in ready-to-eat 
foods for some pathogens. In the EU the only category of foodstuffs that may 
be treated with ionizing radiation is “dried aromatic herbs, spices and vege-
table seasonings”. The availability of analytical methods is pivotal for the offi-
cial control systems to assess the compliance with regulatory requirements 
and prevent food fraud in the national and international markets. The aim 
of the present study was to explore the possibility of applying near infrared 
spectroscopy (NIRS) in combination with chemometric analysis to dry fer-
mented sausages to achieve the distinction between irradiated and non-ir-
radiated specimens and to classify them according to the irradiation dose.
Methods
Salame Milano were sliced and aliquots of 2-slices each were vacuum 
packed. Fifty bags were randomly chosen for comparison purposes (C, con-
trol, n=50) and forty were randomly allotted in four groups intended for irra-
diation treatment at 0.5, 1, 2 and 3 kGy irradiation dose, respectively (T, treat-
ed, n=40 each). Irradiation was performed using a 60Co ∝-irradiator (1.17–1.33 
MeV). The samples were stored for 30 days at 5°C prior to analysis. The 
NIRS spectra of each samples were recorded in the 1000–2500 nm region 
by means of a NIRFlex® N-500 (Büchi Labortechnik AG, Switzerland) in-
strument. The 1000-1249 nm region, characterized only by the noise, was re-
moved from the dataset. A total of 210 salami spectra and 1251 wavelengths 
were included in the final spectral data matrix. Multivariate data analysis 
was performed by using the chemometric software SIMCA-P (Umetrics, 
Sweden). Firstly, a principal component analysis (PCA) was computed on 
the NIRS pre-treated data. Then, orthogonal partial last square-discriminant 
analysis (OPLS-DA) was applied to classify samples on the basis of the ir-
radiation dose. The Variable Importance in Projection (VIP≥1) scores for pre-
dictive OPLS-DA components were designed to find the strongest influence 
exerted by single absorption bands over samples classification.
Results
For PCA, internal cross validation allowed to extract 8 principal components 
(PCs), which explained 98.6% of the cumulative variance of the spectra, 

the first two PCs accounting for the major variability present in the dataset 
(90.2%). However, PCA, usually applied to explore NIRS data, was not suit-
able for a clear separation of samples treated with different irradiation doses. 
OPLS-DA algorithm was applied to the pre-treated spectra of the training 
subset by following a multi-step methodology: an initial OPLS model was 
intended to discriminate C from T samples; a second model was aimed at 
discriminating samples in different groups corresponding to the irradiation 
dose. Concerning the first approach, the two groups of samples C and T 
were perfectly separated in the bi-dimensional space (Figure 1). According to 
VIP analysis, the discrimination of samples was attributed mainly to lipids ab-
sorption bands at 1670–1750 nm, 2050–2070 nm, 2120–2200 nm regions and, 
above all, around 2420 nm, corresponding to the absorption of C–H groups 
during the second overtone. Classification rates of 100% for both C and T 
samples were achieved through the external validation which confirmed the 
accuracy of the model in prediction of the class the samples belonged to. 
Concerning the second model, the predictive variation extracted explained 
about 88% of the information related to the specific class membership of the 
samples, allowing to obtain a perfect separation among samples of differ-
ent groups and a high degree of clusterisation among samples of the same 
group. Nevertheless, no distinct clusters were observed among the control 
(0 kGy) and the lowest-irradiated (0.5 kGy) samples (Figure 2). However, 
model’s overall classification performance of 74.6% in external validation was 
satisfying. In this contest, the samples exposed to 1 and 3 kGy irradiation 
doses were 100% correctly allocated in their class, while the weakest statis-
tical performances were shown by samples exposed to both 0 and 0.5 kGy 
irradiation doses; the highest error of classification was recorded for 0.5 kGy 
samples, since only 41.7% was assigned to the proper class.
Conclusion
NIRS combined with chemometric analysis allowed to build two robust clas-
sification models able to discriminate dry fermented sausages submitted to 
irradiation treatment in the range 0.5-3 kGy from non-irradiated ones.
 
Authors thank Prof. Mario Mariani from the Politecnico of Milan (Italy) for provid-
ing the irradiation treatments.
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Figure 2. 
OPLS-DA score plot for dry fermented sausages non-irradiated (stars) 
and treated at 0.5 (yellow triangles); 1 (red triangles);2 (squares) 
and 3 (circles) kGy irradiation dose.

 
Figure 1. 
OPLS-DA score plot for dry fermented sausages non-irradiated  
(C, stars) and irradiated (T, pentagons).
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Kinetics of proteolysis studied by in vitro digestion and linear mixed effects model analysis  (#57)
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Introduction
Attempts to evaluate the quality of meat proteins have been made with in 
vitro digestion models, where total nitrogen content, peptides and free amino 
acids (FAAs) are measured and compared to determine the overall digest-
ibility. Pepsin and pancreatin or other types of proteolytic enzymes used for 
the in vitro digestion simulation target specific peptide linkages to release 
FAAs, however the rate of individual FAAs released remain relatively unex-
plored. The kinetics of the dietary proteins using dialysis system and peptide 
fractions have been studied by Vachon et al. (1987), Savoie et al. (1988) and 
Savoie et al. (2005). Across the different types of protein foods tested, the 
same kinetics of protein hydrolysis were seen with tyrosine and methionine 
being released faster compared to other amino acids. The current study pro-
poses the use of linear mixed effects model analysis as a tool to study the 
kinetics of proteolysis in high pressure processed lamb by examining the 
rate of the total and individual FAAs released during the in vitro digestion 
simulation.
Methods
Flat cuts (leg) of three lamb were high pressure processed at 0, 200, 300, 
400 and 500 MPa (HPP 055, Multivac, Germany) in FoodBowl Ltd., in New 
Zealand. Treated samples were sous vide cooked at 60 °C for two hours and 
ground for two minutes at room temperature. In vitro enzymatic digestion 
method by Minekus et al. (2014) was used, with pepsin from porcine gastric 
mucosa (P7000, Sigma Aldrich®), pancreatin (3X, U.S.P., MP Biomedicals, 
LLC) and bile extract porcine (B8631, Sigma-Aldrich®). The digested samples 
were collected at 0, 2 and 5 hr to represent the baseline before digestion, 
gastric and intestinal phases of digestion, respectively. The collected sam-
ples were snap-frozen with liquid nitrogen to halt further enzymatic diges-
tion. A commercial FAAs analysis kit (EZ Faast™, Phenomenex®, Torrance, 
U.S.A) was used for extraction and derivatisation of FAAs in the collected 
samples, followed by separation and quantification by a Shimadzu GC-2010 
Gas Chromatograph with an auto injector (AOC-20i, Shimadzu), a Flame 
Ionisation Detector (FID) and a split injector. R software (The R Foundation 
for Statistical Computing, version 3.3.1) was used for one-way ANOVA to 
separate the means at P < 0.05. Linear mixed effects model analysis was 
performed using the R-package, lme4. The results were compared using the 
Restricted (or Residual) Maximum Likelihood Estimate (Bates et al., 2015) 
with digestion time as a fixed effect and pressure as a random effect.

Results
Significant differences (P < 0.0001) in the quantity of total and nineteen in-
dividual FAAs among the four high pressure treated samples and the con-
trol (0 MPa) were detected, at each of the three digestion phases. Pressure 
treatment of 300 MPa resulted in the highest amount of total FAAs released, 
as well as for the individual FAAs, in the intestinal phase. Leucine, phenylal-
anine, lysine and tyrosine were released the most after peptic and pancreatic 
proteolysis when compared with those prior to digestion, in the 300 MPa 
treated sample. The amount of total and individual FAAs increased expo-
nentially with respect to the digestion time. The pressure treatment did not 
significantly influence the release of all of the FAAs. The rate of increase in 
FAAs showed fixed effect for all of the pressure treatments. With the use of 
the Restricted (or Residual) Maximum Likelihood Estimate, we found that the 
linear mixed-effects model in log-scale was favored. The slope of log (total 
FAAs) at 300 MPa indicated that the rate of FAA release was the fastest 
compared to the other pressure levels (Table 1). Most of the individual FAAs 
showed similar pattern to that of the total FAAs. For example, log(phenylala-
nine) had the highest gradient at 300 MPa, indicating that the rate of phenyl-
alanine released from the digestion was the highest with 300 MPa pressure 
treatment. Phenylalanine and leucine were liberated in faster rates followed 
by tryptophan, tyrosine and lysine, with alanine being released the slowest. 
Further statistical analysis has shown that six amino acids (lysine, tyrosine, 
leucine, tryptophan, phenylalanine and methionine) were rapidly released as 
FAAs from the peptic and pancreatic proteolysis. Apart from arginine which 
could not be detected from the current study, the six amino acids that were 
released fast were also seen by Vachon et al. (1987) with beef, even without 
the pressure treatment. Other amino acids were released more slowly during 
the digestion simulation, with most of these being non-essential amino acids.
Conclusion
For the first time, linear mixed-effects model was applied to analyse the re-
lationships among the digestibility of protein measured in FAAs, digestion 
time and the pressure.The kinetics of proteolysis studied by measuring the 
rate of FAAs released from in vitro digestion simulation may serve as a tool to 
evaluate the quality of proteins. The study of kinetics may further be applied 
to develop protein-rich foods with maximal release of FAAs in earlier stages 
of digestion for those having difficulty in protein digestion.
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Pressure (MPa) log (Total FAAs) = c + 0.40 Hour log (PHE) = c + 0.58 Hour

0 c = 5.43 c = 2.73

200 c = 5.52 c = 2.79

300 c = 5.63 c = 3.00

400 c = 5.47 c = 2.81

500 c = 5.33 c = 2.71
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Effect of hydrolysate fractions derived from desalted duck egg white on the quality of pork chops during storage 
(#97)
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National Chung Hsing University, Department of Animal Science, Taichung, Taiwan

Introduction
Ultrafiltration (UF) has a widely used and more efficient for protein desali-
nation technique in food industry. It largest area of desalt application is in 
the production of cheese (Mohammad et al., 2012). It has been applied for 
desalination of salted duck egg white (Zhou et al., 2015). In addition, UF is 
one of the most popular to separate protein hydrolysates and the enrichment 
of peptides with a specific molecular weight range. Therefore, the aim of the 
study was to evaluate the quality of fresh pork chop sprayed with two levels 
(100 & 150 mg/mL) of hydrolysate fraction Mw <10 kDa (F-IV) from desalted 
duck egg white under refrigerated conditions for 3 days.
Methods
Fractionation of protein hydrolysates
Desalted egg white powder (DSEWP) was dissolved with RO water to ob-
tained a final concentration of 150 mg/mL. Porcine pepsin was added to give 
an E/S ratio of 0.3% (w/v). The hydrolysis was performed by incubating at 
37 °C for 9 h. The reaction was stopped by heating at 95 °C for 10 min to in-
activate the enzyme and then centrifuged at 12,000 x g for 10 min at 4 °C and 
collected the supernatant of protein hydrolysates.The supernatant of protein 
hydrolysates was subjected to fractionation by using UF membranes 10 kDa 
molecular weight cut-off sequentially and obtained Fraction–IV(F-IV).
Application in pork chop
a total of 180 piece 1 cm thickness of fresh pork chops was used and 3 
pieces of pork chop were placed in a plastic tray and packed with aerobic 
film then divided into 5 treatments in this study. Five treatments: control: no 
treatment; Blank: sterile water; DSEWP: DSEWP solution at 150 mg/mL; 
F-IV100: F-IV at 100 mg/mL solution; or F-IV150: F-IV at 150 mg/mL solution. 
Solutions were separately sprayed on the surface of fresh pork chops and 
hold 5 mins then were wrapped with polyethylene film and stored at 10 °C 
for 3 days.
Determinative items
TBARS value , Total plate count, Lactic acid bacteria count , VBN and sen-
sory were performed in this study .
Results
TBAS values
The TBAR value of all pork chops increased significantly (p<0.05) during 
storage time. Notably, TBAS value of pork chops with F-IV fractions were 
lower than that of control and other treatments. At the end of day 3, TBARS 

value of the control increased from 0.16 to 0.35 mg MDA/kg, whereas the 
TBARS value of the pork chop sprayed with F-IV100 and F-IV150 fractions 
were 0.29 and 0.25 mg MDA/kg, respectively. 
VBN values
VBN value of pork chops with five treatments were shown in Table 1. At the 
beginning of storage, the VBN value of all pork chops ranged from 3.95-
4.70 mg% and there were no significant differences among groups (p>0.05). 
The VBN values of all pork chops increased with storage time. As expected, 
the VBN value of pork chops with F-IV were lower than control, blank and 
DSEWP, but there were not significant differences at the end of day 3. 
Microbial qualities
The TPC count of all groups were significantly increased during refriger-
ated storage (p<0.05). The TPC count of control, blank and DSEWP were 
gradually increased and reached to 4.72, 4.85 and 4.65 log CFU/cm2 sepa-
rately at the end of storage. The use of F-IV fractions showed significantly 
(p<0.05) inhibiting efficiency on the growth rate of TPC. The TPC count of 
F-IV100 and F-IV150 at the end of 3-day storage were 4.71 and 4.48 log CFU/
cm2, respectively. Especially, pork chop sprayed with F-IV at 150 mg/mL 
had remarkably (p<0.05) lower TPC counts during storage period.  The LAB 
counts samples increased during storage just the same, as expected. The 
LAB growth counts were also inhibited by the application of F-IV fraction, 
as shown in Table 1. The LAB count of control, blank and DSEWP samples 
showed a rapidly increase during 3 days refrigerated storage. While, the 
F-IV100 and F-IV150 samples had significantly (p<0.05) lower LAB counts 
than the control samples. 
Sensory evaluation 
 No significant (p>0.05) differences was found in color among all treatments 
and maintained stable during storage. The texture scores of all treatments 
showed increased as the increase of storage time.  In change of off-odor, 
the scores of all treatments showed increased as the increase of storage 
time but pork chops with F-IV 100 and 150 exhibited lower off-odor scores.  
On the whole in flavor, no significant difference was observed among treat-
ments during storage (p>0.05) although pork chops with F-IV 100 and 150 
had lower flavor score at the end of storage. In the change of overall accep-
tance, there was no significant difference (p>0.05) among pork chops in all 
treatments. However, before 2 days of storage F-IV samples showed higher 
overall acceptability than the other treatments.
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Conclusion
Utilization of F-IV fraction from SDEW hydrolysates in pork chops ex-
actly showed lower TBARS, VBN values and microbial counts during the 
whole storage. However, pork chops with F-IV150 also exhibited higher 
sensory attributes compared with control before 2-days during storage. 

 
Table 1. Changes of pH, TBARS, VBN values of pork chop sprayed with  

fraction-IV solutions during ref
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Table 2.  
Changes of sensory attributes of pork chop with fraction-IV  
solutions during  storage 
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Effect of natural extracts on nutritional quality and protein oxidation of chicken nuggets enriched trough diet with 
organic Zn and Se  (#639)

Lorena Martínez, Gaspar Ros, Gema Nieto
University of Murcia, Food tecnhnology and Human Nutrition, Murcia, Spain

Introduction
Increasing concerns about nutrition and health have resulted in new trends 
towards “natural products” that are, free from synthetic food additives. This is 
the origin of “Clean label” meat products that are increasingly demanded by 
consumers in some european countries and the USA (Naveena et al. 2008).
The aim of the present study was to evaluate the effect of adding natural ex-
tracts from food industrial by-products (rosemary eseential oil: Rosmarinus 
officinalis (RH and RL); fruit juices: Punica granatum (P); wine: grape (Vitis 
vinífera) seed (GS)) and the broiler feed addition of Zinc (Zn) and Selenium 
(Se) (both organic and inorganic forms) on the nutritional, and protein oxida-
tion of frozen chicken nuggets under frozen storage for 12 months.
Methods
Samples: Eight different chicken nugget samples were elaborated, before 
they were separated into two batches: four samples enriched endogenously 
with inorganic Zn and Se (C) and four samples enriched with organic Zn and 
Se (SZ). Chicken nugget samples were enriched exogenously with natural 
extracts obtained from plants (Rosemary (RH and RL), Pomegranate (P), 
and Grape Seed (GS), according to Table 1.
Animal diet: 500 broilers, from 1 to 40 days old, were randomly placed 
in two different floor pens with 12 replicate pens for each group. Each pen 
was assigned two dietary treatments: (C) basal diet - supplemented with 
inorganic mineral (0.3 ppm of Na2SeO3 and 80 ppm of ZnO) and (SZ) basal 
diet- supplemented with organic mineral (0.2 ppm and 50 ppm of Se and Zn 
proteinate).
Plant extracts: The plant extracts used were: Rosemary (Rosmarinus 
officinalis) extract (RH and RL), Punica granatum (P), and Grape (Vitis vinif-
era) Seed (GS). All were supplied by Nutrafur-Frutarom group (Alcantarilla, 
Murcia, Spain).
Proximate composition. Chicken nugget samples were analysed for their 
moisture, ash, lipid, and total protein contents according to AOAC meth-
ods (2002) at day 0 after elaboration. The mineral concentrations of samples 
were measured by plasma spectroscopy (ICP-OES) using an ICAP THER-
MO DUO 6500 computer.
Protein oxidation. Protein oxidation was related with the thiol concentration. 
The concentration of thiol groups was determined spectrophotometrically 
after derivatisation by Ellman’s reagent, 5, 5-Dithiobis (2-nitrobenzoic acid) 
(DTNB). The analysis was carried out at 0, 3, 6, 9 and 12 months.

Statistic analysis.Data were analyzed with the statistical package SPSS 15.0 
(Statistical Package for the Social Science for Window (IBM, Armonk, New 
York, USA). The antioxidant and antimicrobial capacity were analyzed using 
ANOVA. A value of p < 0.05 was considered statistically significant.
Results
The proximate composition of the chicken frozen nuggets enriched with nat-
ural extracts from fuits, seeds and herbs is shown in Table 3. The moisture, 
ash, protein and lipid contents (%) represented in this table point to no sig-
nificant differences between samples. The moisture percentage ranged from 
63 %, in CRH+P to 67 % in CRL+GS, while the ash content ranged from 1.17 
% in SZRL+GS to 1.61 % in SZRH+P. Similar results were obtained for the 
protein and lipid contents. The protein content ranged from 10.84 % in C to 
11.26 % in CRH+P and SZRH+P, while the lipid percentage was from 3.90 % 
in sample C to 5.36 % in sample CRH+P.
By contrast, there were significant difference (P < 0.05) between samples in 
terms of the Se and Zn contents (mg/100 g). Samples elaborated with meat 
from chicken broilers fed with organic forms of Zn and Se showed higher 
concentrations of Zn and Se than the samples made from meat enriched 
with inorganic Zn and Se.
Protein oxidation was determined by reference to thiol 
groups (see Figure 1 in which it can be seen that their 
concentration slightly decreased during frozen stor-
age). Nevertheless, samples that incorporated rosemary 
and grape seed extract (CNOS+GS and SZNOS+GS) 
showed much higher concentrations of thiol groups than 
C and SZ. In the same way, the incorporation of organic 
forms of Zn and Se in SZ decreased protein oxidation 
compared with C, due to the antioxidant capacity of the 
minerals. 
Conclusion
The present study showed that the addition of phenolic compounds in form 
of natural extracts from seeds, herbs and fruits, together with organic forms 
of Zn and Se, can reduce oxidation, of chicken nuggets during 1 year of 
frozen storage. In particular, the SZRH+P and SZRL+GS samples were sig-
nificantly more resistant to oxidative reactions. The chicken nugget sam-
ples enriched with minerals did not show significant differences regarding 
to proximate composition. Therefore, the incorporation of minerals in animal 
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feed combined with the use of antioxidant natural sources may be consid-
ered a good way to replace synthetic additives in meat products and a fur-
ther step towards obtaining “Clean label” meat products. Due to the health 
benefits of these extracts, as a source of antioxidants, their application in the 
meat industry its desirable in order to substitute or reduce the concentration 
synthetic additives.

Figure 1

Table 1 

 
Table 2 
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Impact of KCl on processing characteristics of ground chicken breast as affected by postmortem salting time (#59)

Dong Heon Song1, Youn Kyong Ham2, Jae Ho Ha1, Sin Woo Noh1, Yu Ri Kim1, Koo Bok Chin3, Hyun Wook Kim1

1 Gyeongnam National University of Science and Technology, Department of Animal Science & Biotechnology, Jinju, South Korea; 2 Gyeongnam National University of Science and Technology, Depart-
ment of Animal Resources Technology, Jinju, South Korea; 3 Chonnam National University, Department of Animal Science and Functional Food Research Center, Gwangju, South Korea

Introduction
Potassium chloride (KCl) is one of chloride salts commonly used as a salt 
replacer in low-sodium meat products. In general, it has been reported that 
KCl can replace up to 50% of NaCl based on 2.0% of total salt concentration, 
without adverse impacts on quality and sensory attributes (Horita et al., 2011; 
Inguglia et al., 2017). However, some previous studies have indicated that 
KCl was less effective in forming desirable processing characteristics (e.g. 
protein solubility and water-holding capacity) and textural properties com-
pared to NaCl at an equal salt concentration (Inguglia et al., 2017; Whiting 
and Jenkins, 1981). In addition, a recent study noted that the partial (50%) 
or complete replacement of NaCl with KCl could cause negative impacts 
on processing characteristics of pre-rigor salted chicken breasts (Song et 
al., 2018). Thus, it could be supposed that postmortem salting time is one of 
processing factors causing the difference in salting effect between NaCl and 
KCl. Therefore, the purpose of this study was to determine the impacts of 
salt type (NaCl vs KCl) and postmortem salting time (pre-rigor vs post-rig-
or) on processing characteristics of ground chicken breast at various ionic 
strength.
Methods
A total of sixty broilers (Ross 308 genotype, 32 days-old) was conventionally 
slaughtered at a commercial abattoir. Chicken breast muscles (M. pectora-
lis major and minor) were manually deboned within 10 min after slaughter. 
Left and right sides of chicken breast muscles were assigned into pre-rigor 
and post-rigor salting treatments, respectively. The left side muscles were 
immediately ground using a meat grinder and divided into eight portions. 
Each portion was individually mixed with 0.50, 1.00, 1.50 and 2.00% NaCl or 
0.64%, 1.28%, 1.91% and 2.55% KCl, which corresponded to ionic strength 
of 0.86, 0.171, 0.257 and 0.342, respectively. At 24 h postmortem, the right 
side muscles stored in vacuum-refrigerated condition were ground and salt-
ed as mentioned above. The pH, protein solubility (Warner, 1997), cooking 
loss and texture profile analysis (Bourne, 1978) of salted chicken breasts 
were determined. The experimental design of this study was a completely 
randomized block design with three independent batches. An analysis of 
variance was performed on all the variables measured using the general lin-
ear model (GLM) procedure of the SPSS 18.0 program (SPSS Inc., Chicago, 
IL), in which salt type, postmortem salting time and ionic strength effects 
and their interactions were fixed as main effects. T-test and Tukey’s method 

(p<0.05) were used to determine the significance of differences between 
treatment means.
Results
No significant interactions among three main effects, as well as, between 
salt type and ionic strength on all measured variables were found (Table 1, 
2). The chicken breasts salted with KCl (5.93) had a significantly higher pH 
value than those salted with NaCl (5.84), regardless of postmortem salting 
time and ionic strength. The solubility of total and myofibrillar proteins was 
affected by three main effects (p<0.05). In addition, significant interactions 
between salt type and postmortem salting time effects were found on the 
protein solubility. The sarcoplasmic protein solubility was unaffected by the 
salt type and its interactions (p>0.05). Although the salt type had no impacts 
on the solubility of total and myofibrillar proteins in pre-rigor salted chick-
en breasts (p>0.05), post-rigor chicken breasts salted with KCl showed 
lower total and myofibrillar protein solubilities than those salted with NaCl 
(p<0.05). However, the salt type and its interaction effects had no impact 
on cooking loss of salted chicken breasts (p>0.05). In addition, the texture 
properties of salted chicken breasts were unaffected by salt type (p>0.05). 
Only interactions between salt type and postmortem salting time effects 
were found on cohesiveness (p=0.021) and chewiness (p=0.036), in which 
pre-rigor chicken breasts salted with KCl showed numerically lower cohe-
siveness and chewiness than those salted with NaCl (p>0.05).
Conclusion
The results of this current study show that the KCl salting to chicken breasts 
resulted in a higher pH value compared to NaCl salting, regardless of post-
mortem salting time. Despite the high pH value, some negative impacts 
of KCl salting were found on total and myofibrillar protein solubilities of 
post-rigor chicken breasts and on textural properties of pre-rigor chicken 
breasts. However, the salt type and its interactions had little to no impacts 
on cooking loss of salted chicken breasts. Thus, it could be suggested that 
KCl salting may result in the differences in protein solubility and texture, de-
pending on postmortem salting time, when compared to NaCl salting at the 
same ionic strength. For a better understanding, further studies determining 
the effects of KCl salting on interrelations between pH and protein solubility 
would be warranted.
References
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Fig. 1. pH of chicken breasts salted with NaCl or KCl. 
a,b Means sharing the same letters are not significantly different 
(p<0.05). 
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Table 2. Textural properties of chicken breasts salted with NaCl or KCl 
a,bMeans sharing the same letters in each column are not significantly 
different among each treatments in main effect (p<0.05).
A,BMeans sharing the same letters in each column are not significantly 
different among each treatments in interaction effects (p<0.05).
1)SEM: standard errors of the mean.
2)NS: non-significance (p>0.05).
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Table 1. Protein solubility and cooking loss of chicken breasts salt-
ed with NaCl or KCl a,bMeans sharing the same letters in each column 
are not significantly different among each treatments in main effect 
(p<0.05). A-CMeans sharing the same letters in each column are not 
significantly different among each treatments in interaction effects 
(p<0.05). 1)SEM: standard errors of the mean. 2)NS: non-significance 
(p>0.05).
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Lamb or young sheep meat – a different sensory profile? Extending the fresh meat season (#128)

Muhammad Azher Bhatti1, 2, Mari Øvrum Gaarder3, Geir Steinheim1, Ingunn Berget3, David L. Hopkins4, Reinert Horneland2, Josefine Skaret3, Tormod 
Ådnøy1, Lars Olav Eik5

1 Norwegian University of Life Sciences, Department of Animal and Aquacultural Sciences, Faculty of Biosciences, Ås, Norway; 2 Fatland Ølen AS, Ølen, Norway; 3 Nofima Mat AS, Ås, Norway; 4 NSW 
Department of Primary Industries, Centre for Red Meat and Sheep Development, Cowra, Australia; 5 Norwegian University of Life Sciences, Department of International Environment and Development 
Studies (Noragric), Ås, Norway

Introduction
Sensory attributes (tenderness, flavour, juiciness) of lamb meat are more 
acceptable to consumers than for sheep meat. Age and intramuscular fat are 
important factors affecting meat quality (1,2), so the question is how to meet 
the supply for fresh sheep meat: if the age of sheep is increased at slaughter, 
will this affect sensory acceptance in a significant way? At slaughter, Nor-
wegian sheep carcasses are classified into lamb (<1-year-old), young-sheep 
(1-2.5 years old) and sheep (> 2.5 years old). Lamb meat attains the highest 
price while the rest of the categories (young sheep and older sheep) are sold 
at a very low price (3). Providing scientific evidence that selected cuts from 
young sheep are similar to lamb in terms of sensory traits (1) may encourage 
the use of meat from young sheep to meet out-of-season demand for fresh 
meat, thus creating an increased value of meat from young sheep.
In this experiment, we tested the effect of age on meat sensory traits. We 
compared the sensory profile of meat from lambs (6 months old) and young 
sheep (18 months old) from two main Norwegian breeds.
Methods
The study was based on animals grazed on neighbouring mountain areas 
(summer grazing) for 2-3 months; they were then grazed for four weeks on 
the same cultivated pasture, and slaughtered in October 2018. One Cross-
bred White (NKS) ram and 3 Norwegian Spel (NS) rams sired the 50 animals 
used in the study. Four groups were defined: 16 NKS young sheep, 9 NKS 
lambs, 16 NS young sheep, and 9 NS lambs. Loin samples (n=50) (M. Longis-
simus) from four groups were tasted by each assessor (n=11) by qualitative 
descriptive analysis (QDA) for 23 sensory attributes on an unstructured line 
scale (1-9). Each attribute was analysed separately for the average score 
over the assessors using a linear mixed model including age and breed and 
their interaction as fixed effects, and animal as a random effect in addition 
to residual error. The live weight (kg), slaughter weight (kg), EUROP carcass 
conformation and fatness were recorded for all animals/carcases (Table 1).
Results
Animal age was found to affect (P<0.05) odour (fried roasted, sheep, the 
odour intensity), flavour (fried roasted, gamy, sheep, rancid, liver) and tex-
ture (hardness, tenderness, fatness, coarse fibre structural unit) attributes. 
Odour (fried roasted, gamy) and flavour (fried roasted, gamy and sheep) var-

ied less within the NS than the NKS breed. For sheep odour, there was no 
age and breed interaction. Breed had an effect (P < 0.05) on sheep odour, 
hardness and coarse fibre structural unit. However, an age*breed interaction 
(P < 0.05) was found for fried roasted and gamy odour (Table 2). This study 
highlights the effect of sheep age (6 months vs 18 months) on meat sensory 
attributes of NKS and NS breeds. The main conclusion is that the changes in 
sensory attributes between lamb and young sheep for the NS breed are less 
than between lamb and young sheep for the NKS breed. The carcass weight 
of lamb and young sheep of the NS breed were more similar than for lamb 
and young sheep of NKS. The NKS weights varied more than for NS (Table 
1). For hardness and tenderness, NS changed little with age, compared to 
NKS. The results of this study can be used in marketing young NS sheep as 
being equal to NS lambs. This may help farmers get a better price for young 
NS sheep, and also fill the demand for out-of-season fresh meat supply. To 
be able to generalize the conclusions, further research using data from more 
paternal lines is needed.
Conclusion
Age seems less important for NS than for NSK in terms of certain meat 
sensory attributes. Thus, NS may be superior for extending the fresh meat 
season.
References
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Effect of temperature on sensory quality and shelf-life of vacuum packaged Hanwoo tenderloin. (#160)

YunSeok Kim, JinHyoung Kim, Sunmoon Kang, SooHyun Cho, HunWoo Seo, Hoa Van Ba
National Institute of Animal Science, Korea, Animal Product Utilization Division, Wanju-gun, South Korea
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Introduction
In Korea, Hanwoo beef export started since 2015. Shelf-life extend in export-
ed meat is very important because of the additional shipping time. During 
storage, meat freshness and meat quality decline. Meat freshness and qual-
ity can be more preserved in lower storage temperature at the same condi-
tion. There was a lot of studies on below zero temperature storage of beef in 
the major beef export country; such as USA, Australia; but there were only 
a few studies was conducted in Korea on quality change of Hanwoo beef 
stored in below zero temperature. In this study, we investigate to appropriate 
storage period of Hanwoo tenderloin at a different temperature.
Methods
Total of three beef psoas major was used. These were each divided into 18 
slice(n = 64) and assigned to each of six chilled storage periods (0, 7, 14, 21, 
28 and 35 days) × three chilling temperature(-1.5, 0, and 2 ∝) combination. All 
slices were vacuum-packaged and storage in each temperature until exper-
iment. In each storage periods, drip loss, pH, sensory quality, vbn, TBARS, 
total coliform, and total aerobic microbial count were measured. Data were 
analyzed using Duncan’s Multiple Range Test to determine the differences 
between different temperature.
Results
Table 1. TBARS, VBN and Drip loss of Hanwoo psoas major stored at a dif-
ferent temperature.

Item Temp. Storage period(days)

0 7 14 21 28 35

TBARS -1.5 0.3786±0.2196 0.5738±0.2469 0.3474±0.1425 0.5088±0.1035 0.8296±0.3700 0.5308±0.2255

  0   0.4785±0.1248 0.3428±0.1058 0.5042±0.0691 0.4785±0.1527 0.6573±0.3868

  2   0.4785±0.1059 0.4923±0.2080 0.7132±0.1770 1.2659±0.6242 0.7929±0.3300

VBN -1.5 7.93±0.61 8.26±0.31 8.31±0.34 8.26±0.31 8.77±0.33 8.14±0.22

  0   8.19±0.46 8.22±0.45 8.51±0.26 8.79±0.21 8.61±0.32

  2   8.33±0.57 8.41±0.43 9.33±0.14 9.19±0.33 10.08±0.64

Driploss -1.5   4.85±0.97 4.86±1.48 5.57±1.28 5.16±1.15 5.59±0.99

  0   5.27±1.22 5.11±1.67 6.09±1.30 5.42±1.01 6.05±0.51

  2   6.02±1.41 5.78±1.67 5.84±0.94 5.59±0.92 6.42±0.86

The drip loss and VBN of Hanwoo psoas major at 35 day increased linear-
ly with increasing storage temerature. But there was no significant in both 
traits. The TBARS wasn’t show any tendancy among storage time or tem-
perature.

Table 2. Sensory quality of Hanwoo psoas major stored at a different tem-
perature.

Item Temperature Storage period(days)

7 14 21 28 35

Odor -1.5 3.00±0.88 3.42±0.92 3.81±0.65b 3.42±0.79 4.11±0.72

  0 3.22±0.85 3.17±0.83 3.58±0.58b 3.64±0.70 3.89±0.74

  2 3.17±0.96 3.42±0.79 4.44±1.07a 4.50±0.75 4.92±0.82

Color -1.5 5.56±0.68 5.17±0.69 5.19±0.73 4.78±0.63 4.89±0.74

  0 5.17±0.60 4.83±0.50 4.78±0.71 4.33±0.82 4.39±0.76

  2 5.06±0.62 4.97±0.75 4.61±0.83 4.72±0.65 4.06±0.52

Overall acceptability -1.5 5.44±0.60 5.28±0.71a 5.08±0.75 4.72±0.56 4.81±0.65

  0 5.33±0.67 4.89±0.81b 4.72±0.73 4.06±0.62 4.22±0.63

  2 5.17±0.69 4.89±0.74b 4.67±0.82 4.28±0.73 3.94±0.52

Hanwoo psoas major stored at 2 ℃ showed the highest odor score and low-
est color and overall acceptability score at the late stage of storage, but 
there was no significant difference. The odor score was increased linearly 
and color and overall acceptability were decreased linearly with increasing 
storage period.
Conclusion
In this study, Hanwoo beef psoas major stored in -1.5 ℃ temperature showed 
better sensory quality and shelf-life quality at 35-day storage. However, 
there was no statistically significant difference among temperature in this 
experiment. More experiment such as using large samples or extended stor-
age period is needed.
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Effects of dry- and wet-aging on volatile flavor compounds and eating quality of various Hanwoo beef muscles 
(#161)

Yoon K. Ha1, 2, In H. Hwang2, Hoa V. Ba1, Sang D. Ryu2, Yong H. Kim2, Sun M. Kang1, Yun S. Kim1, Kuk H. Seol1, Jin H. Kim1, Soo H. Cho1

1 National Institute of Animal Science, RDA, Animal Products Utilization Division, Wanju-Gun, South Korea; 2 Chonbuk National University, Animal Science Department, Jeonju, Germany 

Introduction
In the meat industry, two the most commonly-applied aging methods which 
are wet-aging and dry-aging. The nature of wet-aging is placing beef cuts 
into plastic bags which are vacuum-sealed and stored in refrigerated tem-
perature (Smith et al. 2008), and its advantageous points are increased juici-
ness and tenderness due to retained meat’s moisture (Kim et al. 2019). While, 
the nature of dry-aging is hanging beef carcasses or quarters in a cold room 
without any protective packaging materials (Savell, 2008). Previous studies 
reported that dry-aging results in a beefier and more flavorful beef (Xin et 
al. 2014). Although these aging techniques generally improves the eating 
quality of beef as mentioned above, also the huge contributions of aroma 
compounds to the cooked beef flavor development have been demonstrated 
(Mottram, 1998), there is no published research detecting and identifying 
aroma compounds in dry-aged beef. This study aimed at investigating the 
effects of wet-and dry-aging methods on the volatile flavor compounds and 
eating quality of various Hanwoo beef muscles.
Methods
Sampling and aging treatmentBeef samples were collected from carcass-
es (Grade 2) of Hanwoo cows (34-60 mon old). At 24 h postmortem, hind-
quarters and bone-in loins were obtained from the carcass sides and used 
for dry-aging. While, for the wet-aging treatment, 3 cuts (boneless): Loin, 
top-round and rump were obtained from the carcasses. For dry-aging, the 
samples were aged by direct exposure to aging environment (2~4℃ & 65-
85% humidity) without any package. The samples assigned to wet-aging 
were individually vacuum-packaged in a Nylon/PE vacuum bag, and aged 
at 1℃. The aging was carried out in the aging rooms for 0, 20, 40 and 60 
d. At the end of each aging period, 3 muscles: Longissimus thoracis(LT), 
semimembranosus(SM) and glutaeusmedus(GM) (n=3 each) were collect-
ed from the corresponding cuts and used for analyses.Flavor compounds 
analysisVolatile flavor compounds were extracted using solid-phase mi-
cro-extraction and analyzed using our previously-standardized meth-
od (Ba et al. 2010).Sensory evaluationSensory evaluation was carried out 
using trained panels as described by Cho et al. (2016).Statistical analysis 
The obtained results were analyzed using Statistic Analysis System pack-
age (SAS Institute, USA, 2010). Significance among the treatments was ver-
ified at the 5% level by Student-Newman-Keul multiple test.
Results
The changes in total amounts of classes of flavor compounds in cooked 

beef muscles by different aging methods and times are presented in Fig 
1 & 2. The total amounts of lipids-derived compounds such as, aldehydes 
and alcohols were significantly (p<0.05) higher in most dry-aged muscles 
than those in the wet-aged ones (Fig 1A, B). Similarly, the total amounts of 
Maillard reaction products such as, pyrazines and nitrogen-and sulfur-con-
taining compounds were significantly higher in all muscles aged under the 
dry-aging condition compared to those aged under the wet-aging condition 
(Fig 2A, C & D). Especially, under the same dry-aging condition the GM 
and SM muscles had higher total amounts of pyrazines and sulfur-contain-
ing compounds compared to LT muscle (p<0.05). It well known that eating 
quality attributes, specifically tenderness and flavor are the most import-
ant factors affecting the purchasing decision by consumers for beef. Re-
sult (Fig 3) showed that both aging methods improved tenderness and fla-
vor as the scores were significantly increased with increased aging time 
for all the muscles. Noticeably, compared to the wet-aging the dry-aging 
resulted in significantly higher flavor scores for GM and SM muscle after 
20 or 40 and 60 d aging (p<0.05). This could be attributed to the signifi-
cantly higher amounts of flavor compounds (e.g., pyrazines, nitrogen-and 
sulfur-containing compounds) in these dry-aged muscles (Fig 1 & 2). 
 Conclusion
It may be concluded that postmortem aging especially dry-ag-
ing could be used to improve eating quality attributes espe-
cially the flavor of low grade carcasses-derived beef muscles 
(GM and SM). Further study in characterizing more descriptive 
flavor attributes by using a larger number of sensory panels is necessary. 
Acknowledgement
This work was carried out with the support of “Cooperative research Pro-
gram for Agricultural Science & Technology Development (Project No. 
PJ01202701)” Rural Development Administration, Republic of Korea.
Reference
Ba HV, Maria C, et al. 2010.  Food Sci. Anim. Resour 30,73-86.Cho SH, 
Kang SM, et al. 2016. Food Sci. Anim. Resour, 36, 68-76.Kim M, Choe J, et 
al. 2019. Food Sci. Anim. Resour, 39, 54-64.Mottram DS. 1998. Food Chem, 
62,415-424.Savell JW. 2008. National Cattlemen’s Beef Association pp.1-16.
Smith RD, Nicholson KL, et al. 2008. Meat Sci,79, 631-639.
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Dry versus wet ageing of mutton and influence on loin and leg primal yield (#162)

Melindee Hastie1, Robin Jacob2, Steve Bonney3, Long Huynh4, Rod Polkinghorne5, Hollis Ashman1, Damir Torrico1, Minh Ha1, Robyn Warner1

1 The University of Melbourne, Faculty of Veterinary and Agricultural science, Melbourne, Australia; 2 Western Australian Government, Department of Primary Industries and Regional Development, Perth, 
Australia; 3 Norlane Trading, Melbourne, Australia; 4 Meat and Livestock Australia, Sydney, Australia; 5 Birkenwood International Pty. Ltd., Melbourne, Australia

Introduction
Dry ageing of sheepmeat is a novel process, and farmer interest in this value 
adding process is strong. However, there is little information available on the 
impact of dry ageing on yield. Therefore, an investigation into the impact of 
dry ageing on yield in two primals, leg and loin, was conducted.
Methods
96 multipurpose merino ewes, ranging from 3-8 years of age, were slaugh-
tered and hot carcase weight (HCWT) and fat score recorded. On the day 
after slaughter, the loins and legs from both sides were removed and pro-
cessed into primals loins, (HAM number 4840), and legs, (HAM number 
4810), as described by Ausmeat,2005. Legs and loins were assigned either 
to dry or wet ageing (bone-in for both) treatments and to ageing periods of 2, 
4, 6 or 8 weeks. Dry ageing was conducted at 0 - 1.0oC, RH of 80-85%, air-
speed 0.12 – 3.0 m/sec. Wet aged primals were vacuum packed into cryovac 
bags and aged in a cold room at 0.5 - 2.0oC. Legs and loins were weighed 
before ageing and at completion of designated ageing periods. Legs were 
boned into the retail ready cuts topside, silverside and knuckle ((HAM no.’s 
5073, 5071, 5072 respectively; Ausmeat, 2005) and all retail cuts and waste 
were weighed. Loins were prepared into retail-ready racks; any remaining 
retail meat was excised and weighed, as was the waste. Yield components 
(Age loss, Trim loss and Saleable primal yield) were calculated as;
Age loss (ALt); the percentage weight loss over time for a primal, for a specified 
ageing period of t , where t= 2, 4, 6 or 8 weeks,
Trim loss (TLt); the percentage by weight of waste (bone and trim) removed to 
prepare the primal for retail, for a specified ageing period and Saleable primal 
yield.
Saleable primal yield (SPY); the proportion of primal (%) remaining after ALt 
and TLt are subtracted, representing the proportion of a primal that is saleable.
All statistical analyses were performed using REML in GENSTAT (16th Edi-
tion). For the analysis for the leg and loin, HCWT and fat score were initially 
included as covariates in separate models. For reporting the effects of age-
ing method and ageing time, HCWT was included as a covariate to enable 
standardization for this trait.
Results
Fat scores ranged from 2 (estimated tissue depth 6-10 mm;) to 5 (estimated 
tissue depth 20 mm and over) AUSMEAT, (2000), with 38.2% of carcasses 
rated fat score 2, 44.3 % as fat score 3, 6.2 % as fat score 4 and 1.4% as fat 

score 5). HCWT ranged from 22.8kg to 40.4kg with a mean value of 28.5. kg 
and SE = 0.297.
There was an interaction between ageing period and ageing method 
(P<0.05) for SPY for both leg and loin such that dry ageing was found to 
have reduced SPY compared to wet ageing, and this difference increased 
with time. AL was reduced for wet ageing in the leg and the loin (P<0.05 for 
both). When HCWT and fat score were separately included as covariates, 
HCWT influenced AL and TL for the loin, and SPY for the leg (P<0.05 for 
all; data not presented). Fat score influenced AL and TL for the loin and AL 
for the leg (P<0.05, data not presented). In general, TL increases and AL 
decreases for carcasses with higher HCWT, and with higher fat scores, re-
spectively. SPY for the leg increased with increasing carcase HCWT. Table 
1 and 2 give details of the influence of ageing method and ageing period on 
predicted means for the various components of yield for the loin and leg re-
spectively, after adjustment for HCWT.
Conclusion
Given the significantly reduced yields associated with dry ageing, proces-
sors may consider a shorter ageing period to reduce the economic impact 
of yield reductions. However, this may need to be considered in conjunction 
with eating quality assessments in order to balance the economics of dry 
aged sheepmeat production and the delivery of a superior dry aged sheep-
meat eating experience. Additionally, this trial has demonstrated the impor-
tance of ensuring the animals selected for dry ageing have fat cover of > 3 
and hot carcase weight > 28 kg which will result in improved yields. Also, 
carcasses with more subcutaneous fat may lead to an improved eating ex-
perience given the reduced surface area of lean meat exposed to the air and 
possible oxidation.
REFERENCES
Ausmeat (2000). Making more from sheep-Tool 3.3 Fat scoring lambs and 
sheep,http://www.makingmorefromsheep.com.au/market-fo-
cussed-lamb-and-sheepmeat-production/tool_3.3.htm
Ausmeat. (2005). Handbook of Australian meat: 7th ed. AUS-MEAT, Sydney 
Australia.
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Table 1:  
Effect of ageing period (2, 4, 6, 8 weeks) and ageing method (dry vs 
wet) on loin yield 
Table 1:  
Effect of ageing period (2, 4, 6, 8 weeks) and ageing method (dry vs 
wet) on predicted means for components of yield for the loin,stan-
dardised for HCWT. The SED (standard error of differences) is for the 
interaction. 

 
Table 2:  
Effect of ageing period (2, 4, 6, 8 weeks) and ageing method (dry vs 
wet) on leg yield 
Table 2: Effect of ageing period (2, 4, 6, 8 weeks) and ageing method 
(dry vs wet) on predicted means for components of yield for the leg, 
standardised for HCWT. The SED (standard error of differences) is for 
the interaction. 
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Enrichment of Majorcan Black Pig patties with rose hip and its effect as natural antioxidant (#176)

Evelyn A. Rivera, Carlos Terriente, Raúl Martín, Isabel Díaz, Marta Gil, María A. Oliver
Institute of Agrifood Research and Technology (IRTA), Product Quality Programme, Girona, Spain

Introduction
TREASURE EU project aims to develop sustainable pork chains based on 
European local pig breeds. The Porc Negre Mallorquí (Majorcan Black Pig, 
MBP), is an endangered native breed from Mallorca Island. Innovative prod-
ucts can be seen as a strategy to maintain the market of MBP. The applica-
tion of antioxidants from plants has been proved to be effective in reducing 
oxidation in meat products [1, 2].
The aim of this study was to assess the effect of the addition of natural an-
tioxidants from rose hip paste (Rosa canina L) on color stability, fatty acids 
(FA) and vitamins content of MBP patties. The rose hip (RH) can be found in 
the Mediterranean area and it is a fruit rich in essential FA, vitamins (C, E), 
β-carotene, coenzyme –Q and polyphenols, which may improve the product 
shelf-life and provide health benefits [3]. The Dietary reference value for α‐
tocopherol is 13 and 11 mg/day [4], and vitamin C is 90 and from 80 mg/day 
for men and women, respectively [5] .
Methods
Five types of experimental patties were prepared differing in the contents of 
ascorbic acid and RH paste. They were elaborated with meat and fat from 
two MBP animals (23% fat, minced meat). Then, 0.3 g sulphite, 14.5 g NaCl 
and 100 mL of pasteurized egg per kg of meat were added. RH and acid 
ascorbic were mixed according to each treatment: T1 - 0.25 g ascorbic acid; 
T2- 15 g RH; T3 - 30 g of RH; T4 - 15 g RH, 0.25 g ascorbic acid; T5- 30 g RH, 
0.25 g ascorbic acid.
Fat content was measured by Near Infrared Transmittance and instrumental 
colour (CIELAB space) using a spectrophotometer MINOLTA. FA composi-
tion was determined by GC; vitamin C (ascorbic acid) by HPLC-DAD; and 
tocopherol, coenzyme Q and β-carotene by HPLC –DAD –MS.
Statistical analysis: the results were subjected to analysis of variance (ANO-
VA) and Tukey’s test for means comparisons with the SAS software, consid-
ering 5% of significance level.
Results
Instrumental colour: the variables L*, a*, b* showed significant differences 
between times (Table 1), but there were no differences between treatments.
The differences of FA profiles between treatments although significant are 
very small and not relevant. The most abundant were oleic, palmitic and 
stearic; α- linolenic acid showed the lowest percentage, which is a charac-
teristic from MBP meat in relation to conventional pigs and that could influ-
ence positively the shelf life of the patties (Table 2).

Coenzyme-Q and α-Tocopherol showed significant differences between 
treatments and control (T1). Vitamin C was higher in  T4, T5  and T1 patties, 
which contained ascorbic acid and RH compared with T2 and T3 which con-
tained RH (Table 3).
Conclusion
RH paste may be used as a partial substitute for ascorbic acid in MBP pat-
ties, since even when added in small amounts, the patties were enriched 
with natural antioxidants.
TREASURE project was funded by EU H2020 RIA program (grant agreement 
No 634476).
LITERATURE
1. Salminen, H., et al.2006. Eur.Food Res. and Technol.Vol. 223: 461-468.
2. Ganhão, R., et al. 2010. J. Agric. and Food Chem. 58: 8854-8861.
3. Bañón, S., et al. 2007. Meat Sci. 77: 626-63
4. EFSA Panel on Dietetic Products, N. and Allergies. 2015. EFSA Jour-

nal.13: 4149.
5. EFSA Panel on Dietetic Products, N.a.A.N. 2013. EFSA Journal, 2013. 11: 

3418.
 
This abstract reflects only the authors’ view and the EU Agency is not respon-
sible for any use that may be made of the information it contains.
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Comparison different methods for improving tenderness and microbiological of marinated pork ham (#188)
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1 King Mongkut’s Institute of Technology Ladkrabang, Department of Animal Production Technology and Fisheries, Faculty of Agricultural Technology, Bangkok, Thailand; 2 King Mongkut’s Institute of 
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Introduction
Meat composes of valuable nutrients such as protein, fatty acid and vitamins 
[2]. Tenderness is the most important attribute for quality that affects con-
sumer eating satisfaction [4]. The process of marinade isimmersion, injection 
or tumbling meat with a solution containing ingredient such as vinegar, salts, 
herbs and spices. It is known to improve the meat quality, especially tender-
ness by increasing the water holding capacity and extend shelf life of meat 
products.  Marinade meat in solution allows penetration of the meat through 
diffusion over time resulted in tenderness [5]. Another method to increase 
meat tenderness is sous vide cooking which is a method of low temperature 
and prolong heating that improves texture and shelf life [1,4]. Therefore, the 
objective of this study was to improve tenderness of marinated pork ham by 
comparison of sous vide at 45 ℃  with holding time at 0, 2 and 4 hr to meat 
in marinade and massage, then keeping for 12 hr.
Methods
Pork ham was cut into 1x1x1 cm3 cubes. Marinade mixture contained oyster 
sauce, soy sauce, chili sauce, tomato sauce, onion, garlic, pepper, oregano 
and sugar were mixed well. Pieces of pork ham were immersed into the mari-
nade mixture. The comparison of different methods for improving tenderness 
was conducted in 4 treatments as following ; i) pork ham was immersed into 
marinade, massage and kept at 4 ℃ for 12 hr, ii), iii) and iv) after marinated, 
pieces of pork ham were put in sous vide cooking at 45 ℃ for 0, 2 and 4 hr. 
respectively. Shear force expressed as kg (Instron, U.S.A.), total plate count 
and sensory evaluation were determined. The sensory evaluation was exam-
ined   by 30 students using a seven point hedonic scale (1= dislike extremely, 
2= dislike very much, 3= dislike, 4= neither like nor dislike, 5= like, 6= like 
very much and 7= like extremely) for their tenderness and overall liking.
Results
1. Effect of different methods applied to marinated pork ham on shear force 
value and microbial count
Tenderness of  cooked marinated pork ham was determined by obtaining 
shear force value. The lowest shear force value was found in pork ham after 
sous vide for 4 hr, followed by pork ham after immersed into marinade and 
massage, then kept for 12 hr (p<0.05) as shown in Table 1. [3] reported that 
marination process could improve the tenderness by increasing the water 

holding capacity. [1] reported that low temperature heating method provided 
juicy and tender meat by improving the water holding capacity of the muscle 
tissue during heating. In this study, initial number of microorganisms was de-
termined in fresh pork ham before marinated, after marinating and sous vide. 
Number of microorganisms in marinated pork ham significantly decreased 
(p<0.05). However, the lowest number of microorganisms was observed in 
pork ham marinade, massage and kept for 12 hr (Table 2).
2. Effect of different methods applied to marinated pork ham on sensory 
evaluation
The sensory evaluation of cooked marinated pork ham were displayed in Table  
3. The highest tenderness and overall liking score were observed in pork 
ham treated in sous vide for 4 hr, followed by pork ham immersed in mari-
nade, massage and kept for 12 hr.
Conclusion
Marination process by immerse, then massageand sous vide method using 
low temperature at 45 ℃ for 4 hr  enhance tenderness and extend shelf life 
of marinated pork ham product. This finding could be used to improve mari-
nated pork ham process.
References
[1] Becker, A., Boulaaba, A.,  Pingen, S.,  Krischek, C. and Klein, G. 2016. Low 
temperature cooking of pork meat — Physicochemical and sensory aspects. 
Meat Science 118 : 82–88.
[2] Dave, D., Ghaly, A.E. 2011. Meat spoilage mechanisms and preservation 
techniques: a critical review American Journal of Agricultural and Biological 
Sciences, 6 (4) : 486-510.
[3]  Gamage, H.G.C.L.,  Mutucumarana, , R.K and Andrew, M. S..2017. Effect 
of Marination Method and Holding Time on Physicochemical and Sensory 
Characteristics of Broiler Meat. The Journal of Agricultural Sciences. 12:172-
184.
 [4] Li, S.,  Ma, R., Pan, J.,  Lin,  X., Dong, X. and  Yu, C. 2019. Combined effects 
of aging and low temperature, long time heating on pork toughness. Meat 
Science 150 : 33–39.
[5] Yusop, S.M.,  O’Sullivan, M.G., Kerry, J.F.and Kerry, J.P. 2010. Effect of mar-
inating time and low pH on marinade performance and sensory acceptability 
of poultry meat. Meat Science 85 : 657–663
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Table 1  
Effect of different methods applied to marinated pork ham on shear 
force value  (Mean ± SD) 

 
Table 2  
Effect of different methods applied to marinated pork ham on number  
of microorganisms (Mean

 
Table 3  
Effect of different methods applied to marinated pork ham on number  
of sensory eveluation
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Exogenous HSP27 protects troponin-T degradation in postmortem  beef muscles by decreasing caspase-3 
activity (#216)

Feng Huang1, 2, 3, Zhenjiang Ding1, Chunjiang Zhang1, 2, 3, Hong Zhang1, 2, 3
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Introduction
    Heat shock protein 27 (HSP27) is believed to be an indicator of myofibrillar 
protein degradation and tenderness. The levels of HSP27 and its fragments 
can explain up to 91% of variation in sensory scores, exceeding the predic-
tive value of succinate dehydrogenase. However, the exact mechanism of 
HSP27 involved in tenderization is not fully illuminated. The objective of this 
study was to elucidate this mechanism through examination of the influence 
of exogenous HSP27 on the degradation of Troponin-T over storage time in 
PM meat via interactions with caspase-3.
Methods
The longissimus thoracis (LT) muscles were excised from the carcasses 
within 30 min. After removal of visible fat and connective tissue, the minced 
muscle was soaked in 100 mmol/L NaCl with or without 15 mmol/L HSP27 
(Enzo, New York, USA) for 0.25, 1, 3, and 5 d at 4°C. At the end of each 
storage period, the samples were individually obtained and rapidly frozen in 
liquid nitrogen until further analysis.
Results
The 28–30-kDa polypeptides from troponin-T were detected on after incu-
bation of bovine muscle for various times. As shown in Figure 1, two closely 
spaced bands of intact troponin-T (TnT-1, TnT-2) and two bands of degraded 
troponin-T (tnt-1, tnt-2) were detected. In contrast to the 0-d samples, sam-
ples incubated without HSP27 for 0.25, 1, 3 and 5 d showed an increase in 
the level of the tnt-1 band. By contrast, the intensity of tnt-2 expression re-
duced in samples incubated with HSP27 for 0.25 d, with no difference from 
the control groups at 3 or 5 d.
    The activity of caspase-3 increased initially in the PM meat and then de-
creased rapidly, reaching its maximum at 0.25 d PM (Figure2 (a)). With the 
addition of HSP27, the activity of caspase-3 gradually decreased, with no 
upward trend detected over time. Overall, the activity of caspase-3 in the 
HSP27-treated meat samples was lower than that in meat without HSP27. 
Meanwhile, the level of caspase-3 degradation was lower in the HSP27-treat-
ed group than in the control group at both 0.25 d and 1 d PM; the active frag-
ment of 23 kDa was detected in the first 5 d PM, but was lower than that at 
the previous time point(Figure2 (b)).
Conclusion
Exogenous HSP27 inhibited the degradation of troponin-T and the production 

of its fragments, and reduced the activity and the degradation of caspase-3. 
Therefore, HSP27 may indirectly mediate the postmortem proteolysis of mus-
cle proteins via reducing the activities of caspase-3 to affect postmortem 
meat tenderness.
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Figure 2 Effect of exogenous HSP27 on caspase-3 
(a) Densitometric analysis of caspase-3 activity during PM storage 
of  beef muscles incubated with or without HSP27 for 0, 0.25, 1, 3, 
5 d. Bars labelled with different letters differ at the 95% level. 
(b) Representative Western blotting patterns showing the change of 
caspase-3 from beef muscle incubated with or without HSP27 for 0, 
0.25, 1, 3, 5 d. C: Control, H: HSP27. 

 
Figure 1 Effect of exogenous HSP27 on troponin-T degradation 
Representative Western blotting patterns showing the change of tro-
ponin-T from beef muscle. C: Control, H: HSP27, TnT-1, TnT-2: two 
bands of intact troponin-T, tnt-1, tnt-2: two degradative bands of 
troponin-T. 
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Effect of cooking methods and doneness on formation of biogenic amines in pork belly during storage at 9℃ (#241)

Jinwoo Cho, Hye-Jin Kim, Dongwook Kim, Aera Jang
Kangwon National University, Department of Animal Life Science, Chuncheon, South Korea 

Introduction
The quality and freshness of meats can be changed during storage. Bio-
genic amines (BAs) can be mainly produced during storage by microbial 
decarboxylation of amino acids (Fan et al., 2015), which include putrescine 
(PUT), cadaverine (CAD), histamine (HIM), tyramine (TYM), and spermidine 
(SPD). BAs are an indicator to evaluate levels of microbial contamination and 
retard quality of foods (Min et al., 2007). The BAs is toxic and intake of high 
amount of TYM and HIM can cause migraine and food poisoning, respec-
tively (Balamatsia et al., 2006). Therefore, controlling the level of BAs can 
play an important role in food safety. The aim of this study was to determine 
the levels of BAs in pork belly during storage and to evaluate the effect of 
cooking method and doneness on the formation of BAs.
Methods
The pork belly was cut into 1 cm of thickness and stored in a vacuum pack 
at 9ºC for 15 days. The pork belly was taken out at day 0, 5, 10, and 15, and 
cooked according to three cooking methods (boiling, pan-frying, and grill-
ing) and doneness (moderate and well-done). In doneness, moderate and 
well-done pork belly were defined as cooked pork belly with internal tem-
perature at 70±2ºC and 80±2ºC, respectively. Boiling was done at 100 ºC in 
distilled water for 5 min as moderate and for 30 min as well-done. Pan-frying 
was performed at 190ºC for 5 min and 4 min as moderate, and for 8 min and 7 
min as well-done on the front and back sides of pork belly, respectively. Grill-
ing was performed over charcoal at 600 ºC for 5 min and 4 min as moderate, 
and for 3 min and 3 min as well-done on the front and back sides of pork bel-
ly, respectively. After cooking, each cooked pork belly was ground finely by 
food processor. BAs (PUT, CAD, HIM, TYM, SPD) were measured by HPLC 
at 254 nm and expressed in μg/g using standard curve. Statistical analysis 
was performed using SAS program version 9.4 with Tukey’s test at p < 0.05.
Results
The change of BAs content in pork belly by the boiling method and done-
ness was shown in Figure 1. The boiling method reduced PUT, CAD, HIM, 
and TYM contents of pork belly during storage compared to that of raw pork 
belly (p<0.05). Especially, well-done boiled pork belly inhibited the formation 
of PUT and TYM on day 10 of storage (p<0.05). In addition, the boiling sig-
nificantly reduced the content of SPD on day 1, day 10 and day 15 of storage.
The change of BAs content in pork belly by the pan-frying method and do-
neness was shown in Figure 2. The PUT content in moderately pan-fried 
and well-done pan-fried pork belly was significantly higher on day 10 of stor-
age and showed at 24.78 and 26.75 μg/g, respectively, than those of raw 

pork belly. On the other hand, moderately pan-fried pork belly reduced CAD 
content on day 15 of storage. The TYM content of pan-fried pork belly was 
significantly reduced compared to that of raw pork belly on day 1 of storage. 
The content of SPD in pan-fried pork belly was increased compared to that 
in raw pork belly since day 5 (p<0.05)regardless doneness.
The change of BAs content in pork belly by the grilling over charcoal method 
and doneness was shown in Figure 3. The PUT content in moderately grilled 
pork belly was significantly increased compared to raw pork belly on day 
10 of storage (p<0.05). On the other hand, moderately grilled and well-done 
grilled pork belly showed low CAD content in pork belly compared to raw 
pork belly on day 15 of storage. HIM content of well-done grilled pork belly 
was significantly increased compared to that of raw pork belly on day 15 
of storage. TYM content was not affected by grilling over charcoal method 
and doneness during storage from day 5 to day 15. SPD content was not 
influenced by grilling over charcoal method and doneness on both day 10 
and day 15.
Conclusion
The results indicated that PUT, CAD, HIM, and TYM of pork belly were sig-
nificantly increased with increase of storage days at 9ºC. Among three cook-
ing method, boiling with doneness effectively reduced the formation of BAs. 
These results suggest that boiling is a safe cooking method to control the 
BAs in pork belly during storage at cold. Further study is needed to evaluate 
relationship between boiling with different doneness and quality of various 
meat products when BAs controlled.
Reference
1. Balamatsia CC, Paleologos EK, Kontominas MG, Savvaidis IN. 2006. Cor-
relation between microbial flora, sensory changes and biogenic amines 
formation in fresh chicken meat stored aerobically or under modified at-
mosphere packaging at 4 C: possible role of biogenic amines as spoilage 
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Figure 3. Changes in BAs level in pork belly by grilling and doneness 
during storage at 9ºC. 
A-B Values of bar with different superscript among treatment differ 
significantly at p < 0.05. a-d Values of bar with different superscript 
among storage days differ significantly at p < 0.05. PUT, putrescine; 
CAD, cadaverine; HIM, histamine; TYM, tyramine; SDP, spermidine.

 
Figure 2. Changes in BAs level in pork belly by pan-frying and done-
ness during storage at 9ºC. 
A-C Values of bar with different superscript among treatment differ 
significantly at p < 0.05. a-d Values of bar with different superscript 
among storage days differ significantly at p < 0.05. PUT, putrescine; 
CAD, cadaverine; HIM, histamine; TYM, tyramine; SDP, spermidine.
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Figure 1. Changes in BAs level in pork belly by boiling and doneness 
during storage at 9ºC. 
A-C Values of bar with different superscript among treatment differ 
significantly at p < 0.05. a-d Values of bar with different superscript 
among storage days differ significantly at p < 0.05. PUT, putrescine; 
CAD, cadaverine; HIM, histamine; TYM, tyramine; SDP, spermidine.
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Recovery-test sampling size for stunned poultry in industrial halal meat production (#288)

Mustafa M. Farouk1, Maryann Staincliffe2

1 AgResearch Ltd, Food & Biobased Products Meat Quality Team, Hamilton, New Zealand; 2 AgResearch Ltd, Knowledge & Analytics, Hamilton, New Zealand

Introduction
Poultry/birds meat is only halal if the birds are alive pre-slaughter. 100% 
assurance that birds are alive prior to slaughter can only be provided when 
birds are hand slaughtered without stunning and the speed the birds are pre-
sented was optimal to allow tasmiyya (invocation) to be uttered on each bird 
by the slaughterer. In the industrial production of halal poultry meat, birds 
are mostly electrically stunned in waterbath stunners(ES) and either hand 
or machine slaughtered. A recovery-test (birds are stunned, not slaughtered 
and allowed to recover) of the birds should be performed before any stunner 
is accepted as meeting the requirements for halal. The recovery-tests (RT) 
are currently done too subjectively with no sampling plans to provide con-
fidence that stunning processes are halal compliant. The aim of this study 
is to determine statistically the sampling size for RT needed to objectively 
validate a new electrical stunner for halal compliance and for harmonization 
of halal standards. αα
Methods
Recovery -Test sampling size: If we stun n bird and we observed 
that x of stunned birds failed to recover, then the probability of birds failing 
to recover is P = n/x. This probability of failure to recover can be modelled 
by the binomial distribution. When x = 0, that we observed that all the birds 
that we sampled recovered then the Clopper–Pearson interval gives us a 
certainty as to the true probability of failure to recover: [0,1 – (α/2)^(1/n)], 
Where α is the level of confidence. For example, a 95% confidence interval 
is obtained when α = 0.05.
Results
For poultry RT, the number of birds that should be stunned and allowed 
to recover for any newly installed electrical stunner depending on the level 
of confidence required (P < 0.05 – P < 0.01; 95-99%) could be determined 
from Figure 1. The effect of increasing the number of birds sampled on the 
possible level of confidence given that we observed all birds recovering can 
also be deduced from Figure 1. If we stunned 72 birds and observed that no 
birds failed to recover, then we would be confident that the true probability 
of birds failing to recover is between 0 and 0.05. Whereas, as we increase 
the number of birds stunned this interval get smaller. If we sampled 368 birds 
being stunned and observed that none of the birds failed to recover, then 
we would be confident that the true probability of birds failing to recover 
is between 0 and 0.01. This relationship can be used in many experimental 
designs to determine how many birds should be tested before a new ES is 

considered halal compliant.
Recovery test (RT): A New Zealand Halal Poultry processor installed 
a new electrical waterbath stunner – Simmons SF-7016 Step-Up Stunner; 
the stunner uses high frequency pulsating direct current (DC) and low fre-
quency alternating current (AC) in the same Stunner. The processor applied 
for Halal certification from one of the authorized New Zealand Ministry of 
Primary Industries (MPI) Approved Halal Certification Organization (AHO). 
The AHO used figure 1 and advised the processor that 72 birds needed to 
recover after being stunned with the new stunner for halal certification be 
issued the processor. The poultry processor obtained ethics approval for 
a recovery test to be performed by the AHO on 72 birds. During normal 
processing, 72 chickens (41 days old) of different weights were randomly 
selected from three different batches and stunned using the new stunner 
(DC = 500Hz, 14mA, 20 volts, 16 s; AC = 50/60Hz, 10mA, 20 volts), pulled 
off in fives from the processing line, laid in a recumbency position until full 
recovery (~ 5 min) (Figure 2). All stunned birds recovered, and the stunner 
was approved by the AHO, with routine RT post-approval to be according to 
New Zealand Halal Notice (MPI, 2016).
Conclusion
New ES should pass a RT before being approved for poultry halal meat 
production. To be 95% confident in the industrial halal poultry meat pro-
cessing that stunned birds are alive when slaughtered using a new stun-
ner, the minimum number of birds that must recover post-stunning prior to 
slaughter should be 72. Close to 100% confidence could be achieved using 
the approved stunners if process flow is timed for stunned birds to emerge 
from the stunners at speeds that allow the few that might be mis-stunned, 
mis-slaughtered or that died for any reason to be picked off by the checker/
slaughterer before the birds reach the scalding tank and further processed 
as halal.
ACKNOWLEDGEMENT: This work was supported by Ministry of Science 
and Innovation, New Zealand, and from the internal Strategic Science In-
vestment Fund of AgResearch Limited (contract A19113).
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Notice December 2016. General Export Requirements for Halal Animal Mate-
rial and Halal Animal Products. Annex 4. Animal Welfare Recovery Criterion. 
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Fig. 2.  
L = 5 stunned birds laid for recovery test; R = The 5 birds fully 
recovered within 5 min 

 
Fig. 1  
Number of birds to be sampled for a given probability (P = 0.05-
0.01) 
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Effects of calcium salts on meat color of frankfurt sausage (#353)

Mengmeng Zhang, Rongrong Liang*, Xin Luo, Yimin Zhang, YanWei Mao, Shandong Agricultural University
Shandong Agricultural University, Food Science and Engineering, Taian, China

Introduction
Under the condition of co-extrusion technology, adding calcium salt in the 
ingredients often results in a grayish brown color in the center of the sau-
sage. However, the effect of calcium salt on meat color was controversial 
in previous research. This objective was to study effects of application of 
different kinds of calcium salts on cut color of frankfurt sausage.
Methods
According to the production technology of frankfurt sausage, the 0 %, 0.2 %, 
0.4 % and 0. 7% CaCl2 and CaLac to the total weight of the ingredients were 
added into the cured solution respectively. The sausage was made accord-
ing to the frankfurt sausage processing and was then packed in vacuum and 
stored at 0 ~ 4 ℃ for 7 days. The meat color, pH, texture, water holding capa-
bility and lipid oxidation index were measured during processing and storage 
periods. The data was analyzed using SPSS 18.0. Significant difference was 
considered at P < 0.05.
Results
As shown in Table 1 and Fig.1, the application of 0.4 % CaCl2 significantly 
reduced the a* values during processing and storage (P < 0.05), and the a* 
value decreased significantly with the increasing of CaCl2 (P < 0.05) appli-
cation. The pH values were also greatly decreased with CaCl2 application (P 
< 0.05, Table 1). In addition, adding CaCl2 also significantly accelerated lipid 
oxidation. The degree of lipid oxidation in 0.7 % CaCl2 treatment was signifi-
cantly higher (P < 0.05).
For CaLac treatments, adding CaLac had no significant effect on a* value 
of sausage, which was showed in Fig.1and Table 2. However, pH value was 
also decreased  (P < 0.05) which were similar to those in CaCl2 treatments. 
Adding CaLac also significantly accelerated lipid oxidation (P < 0.05), and 
the degree of lipid oxidation in 0.4% CaLac treatment was significantly high-

er than those in other treatments (P < 0.05). The application of CaLac also 
dicreased the water holding capability and texture.
Conclusion
The application of CaCl2 had significant effect on the a* value of sau-
sage. Adding above 0.4 % CaCl2 could significantly decrease the a* val-
ue and pH value during processing and in final products. The application 
of CaLac had no significant effect on the a* value of sausage, however, it 
decreased the texture and water holding capability when the addition 
was above 0.4  %. The CaLac also significantly decreased the pH val-
ue (P < 0.05). So, the application of CaCl2 would have more negative ef-
fect on the meat color of sausage compared to CaLac. While CaLac 
would have more negative effect on texture and water holding capability.

 
Fig. 1  
Effects of CaCl2 and CaLac addition on sausage cut color 
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Table 2 

 
Table 1
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Effect of modified atmosphere packaging on microbiology and shelf-life of dark cutting beef (#358)

Xue Chen1, Jing Wang1, Yimin Zhang*1, Benjamin Holman2, David Hopkins2, Xiao Lu1, Lixian Zhu1, RongRong Liang1, Xin Luo1

1 Shandong Agricultural University, College of Food Science and Engineering, Taian, China; 2 NSW Department of Primary Industries, Centre for Red Meat and Sheep Development, Cowra, Australia

Introduction
Dark-cutting beef (high pHu beef) is generally unacceptable to the consumer 
due to its dark red color and limited shelf-life. These contribute to significant 
economic losses to the meat industry. High oxygen (HiOx, 80%O2, 20%CO2) 
and CO modified atmosphere packaging have already proven successfully 
to improve the color of dark-cutting beef steaks. However, these same pack-
aging types may affect the microbial spoilage process of beef with different 
pHu. This relationship remains to be tested. Therefore, this study aimed to 
investigate the microbiology quality and shelf-life of dark-cutting beef under 
three packaging conditions. The results will provide information on whether 
dark-cutting beef is suitable for distribution as fresh meat under modified 
atmosphere packaging.
Methods
The M. longissimus lumborum (LL) were collected from 21 Simmental cattle 
(18 to 24 months old) in a commercial abattoir (24 h post-mortem). These were 
selected according to ultimate pH grouping: normal ultimate pH (pHu, 5.40-
5.79, n=7), intermediate pHu (5.80-6.09, n=7) and high pHu (≥ 6.10, n=7). 
Vacuum packaged loins were transferred to the lab within 12 h. Each loin was 
cut into 7 equal ~ 2.54 cm beef steaks, which were randomly assigned to 
three packaging systems and three aging time (0, 7 and 14 d). The packaging 
types included vacuum packaging, HiOx-modified atmosphere packaging 
(MAP) and CO-MAP (0.4% CO/ 30% CO2/ 69.6% N2). Seven steaks repre-
senting each pHu group were sampled prior to packaging, being aging time 
0 samples. Microbial counts (total viable counts (TVC), Enterobacteriaceae, 
lactic acid bacteria (LAB) and B. thermosphacta) and total volatile basic ni-
trogen (TVBN) were determined at each aging time. All data were analyzed 
using the MIXED procedure (SAS, Version 9.0) with pHu group, aging time, 
packaging type and their interactions were fitted as fixed effects; and animal 
was fitted as a random effect. Differences in Least squares means (LSM) for 
all traits were conducted using PDIFF option, and significant difference were 
considered when P < 0.05.
Results
There were no significant pHu × packaging type × storage time interactions 

for bacterial proliferation, but pHu and storage time interacted to affect the 
growth of TVC, B.thermosphacta and Enterobacteriaceae (P < 0.05, Table 1). 
TVC increased rapidly in dark-cutting beef and intermediate pHu beef, whilst 
progressively increased in normal pHu beef. Both dark-cutting and interme-
diate pHu beef had higher TVC than normal pHu beef (P < 0.05) on 14 day, 
reaching 7.75 log CFU/g and 7.26 log CFU/g, respectively. Significant dif-
ferences were noted in Enterobacteriaceae counts among these treatments 
throughout day 7 to 14,in which dark-cutting beef showed the highest En-
terobacteriaceae counts. Only aging time affected LAB counts (P < 0.05). A 
pronounced increase of LAB could be detected in all packaging types after 
the first aging time interval (P < 0.05), reaching 4.83 log CFU/g on day 14. 
Meanwhile from day 7,dark-cutting and intermediate pHu beef showed high-
er B. thermosphacta levels than normal pHu beef. Moreover, B. thermosphacta 
level was affected by packaging and aging time interaction effects (P < 0.05, 
Table 2). After the first week, the lowest population of B. thermosphacta were 
obtained in CO-MAP compared with that in VP and HiOx-MAP, which might 
attribute to antimicrobial properties of CO-MAP.
TVBN, as a direct quality indicator of meat deterioration and shelf life, and 
which is officiallly used in China, has been reported to be was positively 
correlated with the growth of spoilage bacteria. pHu and storage time inter-
acted (P < 0.05) to impact beef TVBN (Table 3) as dark-cutting samples had 
highest TVBN increases across the aging time, reaching 16.27 mg/100g on 
day 14. This result suggests that the shelf-life of dark-cutting group was less 
than 14 days based on this trait (limit was ≤ 15 mg/100g).
Conclusion
This study reveals that pHu exerted more substantial effects on microbial 
growth and production of TVBN of chilled beef during aging, comparative to 
packaging type. Although CO-MAP exhibited the best preservative, demon-
strated as B. thermosphacta growth inhibition, the packaging type can be 
said to not change the shelf-life of beef from each pHu group. Findings also 
suggested that the shelf-life of dark-cutting beef is less than 14 days, based 
on the TVBN values, indicating that dark-cutting beef is not suitable to sell 
as fresh cuts, either in the form of vacuum or MAPs.
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Table 1 
a-c Means within the rows with different letters differ significantly (P 
< 0.05)x-z Means within the columns with different letters differ sig-
nificantly (P < 0.05) 
 

 
Table 2 
a-c Means within the rows with different letters differ significantly (P 
< 0.05) x-z Means within the columns with different letters differ sig-
nificantly (P < 0.05)
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pH and aw evaluation of charqui with beef matured and thawed with sodium reduced salt (#405)

Reinaldo Letelier1, Pedro Melín2, Paula Gädicke3, Patricia Oñate4, Fernando Gonzalez5

1 Universidad de Concepción, Departamento de Patología y Medicina Preventiva, Facultad de Ciencias Veterinarias, Chillán, Chile; 2 Universidad de Concepción, Departamento de Agroindustrias, Facul-
tad de Ingeniería Agrícola, Chillán, Chile; 3 Universidad de Concepción, Departamento de Patología y Medicina Preventiva, Facultad de Ciencias Veterinarias, Chillán, Chile; 4 Universidad de Concepción, 
Facultad de Ciencias Veterinarias, Concepción, Chile; 5 Universidad de Concepción, Departamento de Ciencia Animal, Facultad de Ciencias Veterinarias, Chillán, Chile

Introduction
Charqui is one of the oldest meat products that is preserved by salting and 
drying. It is relatively simple to process, has a typical flavor and does not 
need refrigeration during commercial distribution due to its low water activity 
(aw). In addition, dried meat is nutritious (high in protein and low in fat) and 
stable in storage, still having a high demand as a snack in many countries 
(Yang et al., 2009). In spite of going through stages that hinder the growth 
of microorganisms, it can be contaminated during processing (Abrantes et 
al., 2014).
For its preservation over time, common salt or sodium chloride (NaCl) is 
used, basic substance for the correct functioning of the organism, used for 
the enjoyment of flavors and as a natural preservative. Salt also plays an 
important role in the industrial field as a raw material for many manufacturing 
processes (Salt Institute, 2017).
At present, an adult recommends the consumption of up to 2 grams of so-
dium (equivalent to 5 grams of salt) per day (WHO, 2012). Its consumption 
in excessive amounts is mainly associated with chronic diseases such as 
hypertension (Rodrigues et al., 2016).
Drying is a natural method where the sun intervenes, although nowadays 
ovens, tunnels or drums can be used. The packaging must be carried out 
quickly after drying to protect them from moisture, microbial contamination 
and insects (Ministerio de Agroindustria, 2016).
The pH is one of the most important parameters evaluated in meat and meat 
products. From this parameter, it is possible to know the real quality of the 
product (Campelo et al., 2017).
The objective of the present work was to elaborate and characterize charqui 
with matured beef with salt reduced in sodium, to determine aw and pH.
Methods
We worked with three cuts of the posterior quarter: striploin, correspond-
ing to the longissimus lumborum muscle (from the 10th rib to the lumbar 
vertebrae); eye of round (PG), located on the back of the thigh, which cor-
responds to the semitendinosus muscle; and sirloin tip (PR), corresponding 
to the quadriceps femoris muscle. Each cut was divided with a knife in the 
direction of the muscle fiber in 11 equal portions. They were labeled from 1 to 
11 and stored in refrigeration (4 ° C ± 1 ° C). By different maduration days (1 
to 90). Granulated salt reduced in sodium (25%  less) was added, being cov-

ered on both sides with this salt mixture. The dehydration of the sheets was 
carried out in a controlled oven at a temperature of 70 ° C and an air speed 
of 1.5 m / s in a period of 16 h.
The evaluation of aw of the charqui, was done with rashers of 2 mm thick 
and 4x4 cm of area of   each commercial cut of beef in each of the storage 
times. The aw was measured in a tank with a Novasina aw meter at 20 ° C. 
Three repetitions were made per portion of each commercial cut in each day 
measure.
The evaluation of the pH of the charqui, was made with rashers of charqui of 
2mm of thickness and of 4x4 cm of area of   each commercial cut of beef in 
each one of the times of storage. The pH of the charqui was measured with 
a pH meter electrode of the punch type, brand HANNA INSTRUMENTS®, 
model HI 99163 (which will be previously calibrated with buffer). Three repe-
titions were made per portion of each commercial cut of fresh beef.
Results
Table 1 aw of beef charqui with sodium reduced salt with different days of 
ripening, made with cuts of striploin, eye of round y sirloin tip.
Maturation days Striploin Eye of round Sirloin tip

1 0.64cd 0.66abcd 0.66bcd

5 0.64cd 0.52ab 0.67bc

10 0.64d 0.52ab 0.65abc

15 0.58ab 0.62abc 0.67bc

20 0.62bcd 0.53ab 0.68c

25 0.58ab 0.61abc 0.64ab

30 0.62bcd 0.64abc 0.64ab

45 0.61abcd 0.66bc 0.66abc

60 0.60abcd 0.67bc 0.65abc

75 0.59abc 0.68c 0.66abc

90 0.61abcd 0.69c 0.68c

* Different letters are valid for the same column, medians with a common 
letter are not statistically different (p> 0.05) in the Kruskal Wallis test.
Table 2 pH of beef charqui with sodium reduced salt with different days of 
ripening, made with cuts of striploin, eye of round y sirloin tip.
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Maturation days Striploin Eye of round Sirloin tip

1 5.68abcd 5.56abcd 5.63a

5 5.68bcd 5.57bcde 5.66abc

10 5.65bcd 5.62bcde 5.59a

15 5.64abcd 5.67de 5.73abcd

20 5.48a 5.54abcd 5.74bcd

25 5.69cd 5.54abc 5.66abcd

30 5.66bcd 5.64cde 5.68abc

45 5.65abcd 5.58abcd 5.64ab

60 5.52ab 5.58abcde 5.49a

75 5.64abc 5.49ab 5.76bcd

90 5.50ab 5.28ª 5.87cd

* Different letters are valid for the same column, medians with a common 
letter are not statistically different (p> 0.05) in the Kruskal Wallis test.
Conclusion
In the charqui made with eye of round the lowest aw was obtained 0.52. In 
the case of pH, the smallest value was eye of round with 5.28. Being favor-
able for its implementation in the food industry.
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Low-dose contamination of feed with ractopamine hydrochloride and resulting tissue residue concentrations  
(#406)

Haley E. Davis1, Ifigenia Geornaras1, Terry E. Engle1, Jessica E. Prenni2, Hua Yang1, Valerie Lindstrom1, Ashley M. Budde1, Ashley N. Arnold3, Kerri B. 
Gehring3, Penny K. Riggs3, H. Russell Cross3, Keith E. Belk1

1 Colorado State University, Department of Animal Sciences, Fort Collins, US; 2 Colorado State University, Department of Horticulture and Landscape Architecture, Fort Collins, US; 3 Texas A&M Universi-
ty, Department of Animal Science, College Station, US 

Introduction
Due to developing meat trade issues associated with use of the beta-agonist 
ractopamine hydrochloride (RH) in livestock production, this project was de-
signed to better understand the implications of low-dose contamination of feed 
with RH in beef cattle diets. 
Methods
In order to determine the potential RH residues in tissues from beef cattle sub-
jected to small amounts of RH contamination of feed, 35 steers were placed in 
individual pens and their diets were mixed by hand daily. Tallow, contaminat-
ed at very low levels, was added to ensure proper dietary requirements were 
met. The treatments (fed for 100 days total) were as follows: 100% conventional 
tallow, 66% conventional tallow, 33% conventional tallow, 100% natural tallow, 
and 100% natural tallow plus 10 days of conventional tallow at the end of the 
feeding period to further investigate low-dose contamination when fed almost 
entirely natural tallow. In other words, both conventional and natural tallow were 
sourced from a rendering facility and were used to mix treatments (i.e., the 66% 
conventional tallow treatment was 66% conventional and 34% natural tallow, 
etc.). Low levels of RH contamination in conventional tallow, using liquid chro-
matography mass spectrometry (LC-MS) quantitation, ranged from 3 to 32 ppb. 
Muscle, liver, subcutaneous fat, kidney, and abomasum samples were colleted 
at a commercial beef harvest facility for evaluation of residues. 
Upon collection, samples were placed in sterile whirl-pak bags in direct contact 
with ice to prevent conversion of ractopamine glucuronides into ractopamine 
(Ulrey et al., 2013). Samples were then transported to Colorado State University 
(Fort Collins, CO, USA) and stored in a -20ºC freezer until processing. Samples 
were processed via cryogenic freezing in liquid nitrogen, followed by homoge-
nization, and then were extracted and prepared for LC-MS. Peak picking/inte-
gration was performed using Quanlynx software. Quantification of samples and 
QCs was performed using linear regression against an external standard curve. 
Separate standard curves were generated for each sample type. 
Parent ractopamine and total ractopamine (ractopamine + ractopamine glu-
curonides) concentration in each tissue type were analyzed separately using 
a general linear mixed model. The model included fixed effects of tissue and 
RH inclusion. The effects identified within individuals were reported using indi-
vidual steer as the experimental unit. Back-transformed least squares means, 
standard errors, and 95% confidence intervals were computed for each tallow 

inclusion level and each tissue. Additionally, differences in least squares means 
between treatment gorups were computed. 
Results
Parent and total RH quantified in all tissues were either non-detectable, below 
the limit of quantitation (LOQ), or barely above the LOQ. 
For muscle tissue, regardless of treatment, all samples for both parent and total 
RH were non-detectable [limit of detection (LOD): 0.06 ppb]. 
In liver tissue, most samples were non-detectable (LOD: 016 ppb), and only 
four samples total were above the detection limit. Two samples were below the 
LOQ, making it hard to determine whether the values were accurate. The high-
est detectable level of RH in liver tissue was 8 ppb (from the 66% conventional 
treatment), which is still far below the maximum residue limit (MRL) set by the 
Codex Alimentarius Commission for liver (40 ppb). In subcutaneous fat, which 
was collected from kidney, pelvic, and heart fat, and in kidney samples, all treat-
ments resulted in parent and total RH residues below detection (LOD: 0.23 ppb 
or 0.06 ppb, respectively) or below the LOQ (0.93 ppb or 0.2 ppb, respectively). 
Abomasum samples followed much the same trend, with 83% and 66% of sam-
ples below the LOQ (0.2 ppb) for parent and total RH, respectively. Furthermore, 
two samples were below the LOD (0.06 ppb), while the remaining samples 
ranged from 0.21 to 4.22 ppb. 
Conclusion
The current study is particularly important because of the global trend toward 
zero-tolerance policies for ractopamine residues, regardless of tissue type and 
regardless of current MRLs. It is critical that data are collected to delineate the 
impact of potential low-dose contamination of feed with RH because detection 
of measurable residues will continue to be problematic even in cattle not re-
ceiving RH in their diet. While current regulatory standards are based on parent 
rather than total ractopamine, import decisions by some entities are now based 
upon total measures, which makes meeting zero-tolerance requirements even 
more challenging. Results from this study suggest that there is a very small like-
lihood of tissues testing positive for RH as a result of low-dose contamination of 
the diet in those cattle that do not necessarily receive RH in their daily rations. 
There is a major lack of scientific evidence supporting trade barriers associated 
with RH residues, but it is nonetheless crucial to understand how RH behaves 
in tissues when animals are subjected to minor amounts of the compound. 
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Hydronium ions effect on Corchorusolitorius mucilage used in beef preservation (#466)

Abdulatef M. Ahhmed1, Hasan Yetim2, Ryoichi Sakata3

1 Yildiz Technical University, Chemical and Metallurgical Engineering Faculty, Food Engineering Department, İstanbul, Turkey; 2 Istanbul Sebahattin Zaim University, Food Engineering Department, Faculty 
of Engineering and Natural Science, İstanbul, Turkey; 3 Azabu University, Laboratory of Food Science, School of Veterinary Medicine, Kanagawa, Japan 

Introduction
Almost always, consumers during the course of consumption easily recog-
nize eating quality alterations of beef (flavor, tenderness, and juiciness) which 
are caused by changes in pH values. Therefore, the aim of this research was 
to evaluate the quality and fresh stability of beef steaks stored at low tem-
peratures at 4oC/7days and -18oC/35days using corchorus olitorius mucilage 
(COM) as a lamination material. Further, to determine the chemical interactions 
between meat components and COM extracted in three different hydronium 
ionic state buffers. Technically, the purpose of this work was to determine if 
COM can be used as a natural coating material that preserves steaks that 
sounds healthy and eco-friendly. The corchorus olitorius which is commonly 
known all over the world as Mulukhiya provides a viscous liquid if sat in water 
for a certain time. Since COM consists of soluble and insoluble fibers, it was 
extracted in different hydronium ion buffers. Meat, in particular, is a perish-
able food item that requires careful processing, smart coating, and lamination 
materials. It was quite interesting to determine whether COM would possibly 
be used as coating materials to maintain and preserve the freshness of beef 
steaks under vacuum packaging and stored at low temperature.
Methods
Separately, each 3g of Palestinian Corchorus olitorius dried leaves were added 
to 1L of D.H2O sat at room temperature with a gentle stirring process for 24h 
but adjusted at different hydronium ionic states as acidic (pH: 4.5), neutral 
(7.0) and basic (9.5). The homogenate then sieved and the product collect-
ed as Corchorus olitorius mucilage (COM).The beef steaks of Turkish cattle 
were gently coated with COM (9w/1v), respectively. The untreated and treated 
steaks were placed in polyethylene bags and vacuum packaged. Steaks with-
out COM were placed in low-density polyethylene sheet (LDPE). The 3 sets 
were stored at 4/7days and at -18oC/35days as sub-groups. The  physico-
chemical properties like drip loss (DL), water soluble and myofibrillar proteins, 
color values and metmyoglobin (MetMb) % were evaluated. Further chemical 
analyses like molecular weights of myofibrillar proteins (SDS-PAGE) and anti-
oxidant and antihypertensive activities of hydrolysates were also determined.
Results
DL % in samples stored at 4oC/7days showed that the COM-coated samples 
and vacuumed in polyethylene bags (PE) had incredibly lower values than 
those of vacuumed samples without COM and also lower than those LDPE-
wrapped samples. DP % in the samples stored at -18oC/35days illustrated 
different results, however, the COM-coated samples showed the lowest DP 

value among all, particularly the sample coated with COM that extracted in an 
acidic state. The low hydronium ionic state is the best condition for extract-
ing COM as it retained much meat moisture than those samples including 
the ones that had no COM treatment.  Baseline samples showed the lowest 
protein concentration (PC) values among all, however, the highest PC values 
observed in COM-coated samples in a neutral state and it was second high in 
samples at acidic state. Protein concentration in COM-coated steaks stored at 
4oC was improved. Color data in samples stored at refrigeration temperature 
had no remarkable change but lightness values in all chilled samples were the 
lowest. Yet, the best samples maintained the color axes were the COM-coated 
samples. Metmyoglobin (MetMb) % of samples kept at 4oC/7days showed di-
vergent values, COM-coated samples of the neutral state showed the highest 
values, which may refer to the free O2 in the buffer. The most proper MetMb % 
was exhibited by COM-coated samples at a neutral state. SDS-PAGE patterns 
illustrated that COM treatment had no negative effect on sarcoplasmic and 
myofibrillar proteins. Baseline samples expressed a lower antioxidation activ-
ity than in Mulukhiya treated samples. COM-coated samples had increased 
the antioxidant activity by 28% higher the capacity found in baseline meat and 
that leads to suggesting that Mulukhiya addition resulted in an improvement 
in the nutritional properties of steaks. Fresh and treated beef steaks showed 
remarkable antihypertensive activities as IC50 of baseline and COM-coated 
samples were 1.84 and 1.37mg/ml, respectively (Fig. 1). Mulukhiyah contributed 
to antihypertensive activities of beef steaks, which in turn improves the nutri-
tional properties and functionality of meat proteins.
Conclusion
Mulukhiyah mucilageshowed to protect water holding capacity, protein con-
tent, and color but not much of the MetMb %  of beef steaks. COM can pre-
serve the freshness of beef stored at refrigeration chilling temperatures and 
also prevent its quality deterioration. Antioxidant and antihypertensive activ-
ities in samples treated with COM were remarkably enhanced. Mulukhiyah 
mucilage is an excellent carrier of phytochemical and polyphenols that can 
be utilized as a potential bioactive film as if used with vacuum packaging 
which  improves the antioxidation and antihypertensive properties of meat. 
However, hydronium ionic state of the buffer used to extract Mulukhiya mu-
cilage has to be taken into account since the data suggests that the acidic 
states displayed the best results.
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Figure 1. Antihypertensive activity of fresh beef and beef treated with 
Mulukhiya, the data express 
Antihypertensive activity of fresh beef and beef treated with Mu-
lukhiya, the data expressed in IC50 values (mg/ml).
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Differentiation tender and tough beef using raman spectrum (#467)

Xinyi Wang, Yimin Zhang, Lixian Zhu, Xin Luo*, Yanwei Mao*, This work was supported by the project Key R&D Program of Shandong province 
(2018GGX108004), the National Beef Cattle Industrial Technology System (CARS-37)
Shandong Agricultural University, College of Food Science and Engineering, Taian, China

Introduction
Tenderness is the most important edible quality of beef. It ranks higher than 
price among the factors that influence consumers’ buying intention. Howev-
er, most of the methods to determine tenderness require long time to pre-
pare the samples. Therefore, real-time and nondestructive identification of 
meat quality and grading products according to tenderness is a key problem 
need to be solved. Raman spectroscopy is a spectral analysis technology 
developed based on Raman scattering effect, which is characterized by rap-
id in-situ non-damage detection, and less time consuming. This technolo-
gy provides the possibility of online meat quality analysis and becomes a 
promising technology in meat industry. Therefore, the aim of this study was 
to explore the possibility of using portable Raman spectrometer to predict 
shear force of M. longissimus lumborum (LL) of beef.
Methods
Ninety two Chinese yellow crossbred cattle (Simmental×Luxi) aged 18 
months old were slaughtered in commercial abattoir according to stan-
dard procedure, and the LL from left carcasses were collected, were vac-
uum-packed and transported to the laboratory within 24h at 0 – 4 ℃. Then 
each loin was cut into 2.5cm-thick steaks, and was assigned to 5 storage 
time (1 d, 3 d, 7 d, 14 d and 21 d). Raman spectrum and shear force data were 
collected at each time interval. The Raman spectrometer (Raman Pro, B&W 
Tek, LLC) used in this study was equipped with a 785 nm laser, with a max-
imum power output of 100 mW. The spectra were recorded in the range of 
150 - 1800 cm-1, with an integration time of 12 s. Fresh cuts have been made 
before spectral collection and bloomed for 30 minutes at room temperature. 
Additionally, the muscle fibers were perpendicular to the laser during the 
capture of spectra.
The data of the shear force of all samples were regressed against Raman 
spectra using nonlinear iterative partial least squares algorithm (BWIQ, 
B&WTek, LLC). The samples of the calibration sets and the validation sets 
were divided by the extended kennard-stone algorithm (SPXY, 60% for cali-
bration, 40% for validation). The Raman shift range was restricted to a range 
of 500 - 1800 cm-1. The average spectra of the 6 steaks with the highest 
shear force (SF > 10.5 kg) and the 6 steaks with the lowest (SF < 5.3 kg) at 
7 d post-mortem were obtained, respectively. And the difference spectrum 
is made by subtracting the spectrum of tender beef from that of tough beef 
(BWIQ, B&WTek, LLC).

Results
The squared correlation between share force values and Raman spectra 
(R2

cal) was 0.10 - 0.71, and the RMSEC was 0.11-2.19, which indicated that 
Raman spectrum had ability to predict the shear force value of postmortem 
beef. In Fig.1, the relative strength of the Raman signal of the steak with high 
shear force is stronger than that of the steak with low shear force. And the 
largest difference in intensities between spectra from tough and tender LL 
appeared in the tyrosine doublet (Raman shift 827 cm-1 and 853 cm-1), the 
α-helix peak (Raman shift 904, 934, 1316, 1449 and 1654 cm-1), the myoglo-
bin and aromatic amino acid side chains (Raman shift 714, 754, 876, 1000, 
1125, 1341 and 1546 cm-1) and the tryptophan (Raman shift 759, 1010, 1336, 
1354 and 1555 cm-1). The main difference between tough and tender steaks 
was the intensity of the Raman pattern of the meat proteins. The intensity 
of tyrosine doublet of tough meat was higher compared to tender meat. The 
strength of tyrosine double peaks (Raman shift 827 cm-1 and 853 cm-1) and 
the intensity of the α-helix (Raman shift 934 cm-1) could be used to differen-
tiate tender and tough steaks.
Conclusion
Raman spectroscopy is a potential tool to predict shear force of fresh beef 
steak during aging. The strength of the tyrosine bands at the Raman shift of 
826 and 853 cm-1 and the strength of the α-helix peak at the Raman shift of 
934 cm-1 seems to be key parameters to distinguish the tender and tough 
beef.
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Fig. 1 
The thin line is the difference spectrum “tough minus tender”.Select-
ed signals are indicated by symbols: α-helical proteins (star), myo-
globin (circle), tryptophan (diamond), tyrosine doublet (gray trian-
gle) and connective tissue (triangle) 
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Quality characteristics of broiler chickens fed with hydrolyzed collagen from pig skin (#471)

In Kyu Bae1, Kwon Jung Kim1, Ju Ho Lee2, Jung Seok Choi3, Yang Il Choi1

1 Chungbuk national university, animal science, Cheongju, South Korea; 2 Hansalimfood, Food Development Team, Goesan, South Korea; 3 Maastricht University, Department of Physiology, Maastricht, 
Netherlands

Introduction
Recently, researches have studied peptides derived from protein hydroly-
sates as potential nutraceuticals and in relation to the development of func-
tional foods. Collagen is a major protein in animal connective tissue, a fiber 
protein that makes up 70% of the dermis. Collagen content is important to 
the structure and quality of meat and to the functional properties of emul-
sion products. Collagen constitutes the major protein in skin, bone, tendon, 
and cartilage. In the food industry, it is used for the purpose of improving 
the quality of the final product after heating and improving the processing 
aptitude. However, porcine collagen is so large in molecular weight that it ab-
sorbs only about 2% in the body. Recently, porcine collagen has undergone 
many studies to maximize the uptake by biochemical hydrolysis. Thus, this 
study was conducted to investigate quality characteristics of broiler chick-
ens fed with hydrolyzed collagen from pig skin.
Methods
We obtained vacuum packed pig skin from Hansalim. 6L of water and 3 kg 
of pig skin were put into an electronic pressure extractor and collagen was 
extracted at 80°C for 8 hours. The extracted collagen was adjusted to pH 3.0 
by adding citric acid. Then, a liquid meat tenderizer containing papaya as a 
main ingredient was added and hydrolyzed at 35°C and 60°C. The hydro-
lyzed collagen was mixed with broiler feed according to the addition amount. 
This experiment is based on addition level (CON: No addition, T1: 0.1% col-
lagen, T2: 0.5% collagen, T3: 1.0% collagen, PC: 0.1% Commercial collagen). 
Hydrolyzed collagens were stored at 4°C for 24 hours and used immedi-
ately for analysis. Broiler chickens were ordered for 28 days (4weeks), and 
analysis proceeded to chicken breasts. Statistical analyses were carried out 
using the generalized linear model procedure of the SAS package Release 
9.4 (SAS Institute, Cary, NC, USA). Means were compared using Duncan’s 
multiple range test at a level of significance of p<0.05.
Results
Table 1 shows physicochemical characteristics of broiler chicken with fed 
collagen extracted from pig skin. The water content of the control was sig-
nificantly higher than other treatments (p<0.05). Protein content was in the 

range of 17.61-18.53 and there was no significant difference between treat-
ments. In the study by Kim (2018), the moisture content ranged from 74.95 to 
75.75 and the protein content ranged from 17.34 to 17.68. Similar results were 
obtained in this study. Fat and ash contents were not significantly different 
between treatments (p>0.05).
Quality characteristics of broiler chickens with fed hydrolyzed collagen from 
pig skin are shown in Table 2. The drip loss of CON was significantly higher 
than other treatments (p<0.05). There was no significant difference between 
treatments in cooking loss. Lightness tended to decrease as the amount of 
hydrolyzed collagen increased. Yellowness was 9.56 in T1 treatment, which 
was significantly lower than other treatments (p<0.05). There was no sig-
nificant difference in water holding capacity, pH and shear force between 
treatments.
Collagen contents of broiler chicken fed with hydrolyzed collagen from pig 
skin are shown in Table 3. Collagen content of breast was significantly lower 
in CON than other treatments (p<0.05), and increased as the amount of 
collagen extract increased. Collagen content of skin was in the range of 0.16-
0.50, and the collagen content of T1 treatment was 0.50g / 100g, which was 
significantly higher than other treatments.
Conclusion
When hydrolyzed collagen was fed to the broiler chickens, the physicochem-
ical characteristics and quality characteristics were not deteriorated. The 
amount of collagen in the breasts increased as the addition level of hydro-
lyzed collagen increased, but the amount of collagen was low-level. Chick-
en skin collagen showed the highest level at 0.1% treatment (T1). Therefore, 
Hydrolyzed collagen is believed to have a positive effect by increasing the 
absorption of the body, and may be used as a functional raw material.
References
Kim. H. J., Kim. H. J., Jeon. J. J., Oh. S. J., Nam. K. C., Sim. K. S., Jeong. J. H., Kim. 
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Table 2.  
Proximate analysis of the pyeonyuk according to the addition  
level of TP. 

 
Table 3.  
Color, WHC and Cooking loss of the pyeonyuk according to the  
addition level of TP. 

 
Table 4.   
Sensory evaluation of the pyeonyuk according to the addition  
level of TP. 
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Effect of turmeric powder addition on quality characteristics of pyeonyuk (#469)
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Introduction
The world meat consumption has increased in recent years which means 
that large quantity of edible meat byproducts are produced higher while the 
utilization of these by-products for human consumption might decline. Ko-
rean traditional food ‘pyeonyuk’ is a sliced food after boiling and pressing 
pork head meat. The pork head meat has 57.0% moisture content, 20% pro-
tein content, 21.5% fat content, and high content of essential amino acids 
such as lysine, leucine, isoleucine, threonine, and phenylalanine (Skarpeid 
et al. 2001). Thus, by-products have a strong potential to be used as food 
materials. Turmeric, which belongs to a group of aromatic spices, has been 
originally used as a food additive in curries to improve the storage condition, 
palatability and preservation of foods (Jayaprakasha et al. 2005). As added 
to various food preparations, turmeric preserves their freshness and imparts 
a characteristic flavor. Therefore, in this study, we investigated the effects of 
turmeric powder(TP) on pyeonyuk quality and storage characteristic.
Methods
Table 1. Formulation of pyeonyuk with TP(%).
Items CON T1 T2 T3

Head meat 89.55 89.55 89.55 89.55

Sirloin 9.95 9.95 9.95 9.95

Salt 0.4 0.4 0.4 0.4

Pepper 0.1 0.1 0.1 0.1

Turmeric 0 0.1 0.3 0.5

Total 100.0 100.1 100.3 100.5

Head meat and sirloin were obtained in vacuum packaged containers from a 
local market (Open market CO, Jeonnam, Korea). Head meat and sirloin were 
kept frozen at -24 °C for a day and ground using a Model C50 silent cutter 
(FATOSA CO., Barcelona, Spain). After removing the skin of turmeric, it was 
ground with a blender and prepared in powder form. Turmeric(Foodmam 
CO., Korea) was added according to the level of addition (0%, 0.1%, 0.5%) 
and other ingredients (salt, pepper) were added and mixed at high speed 
(2,700 rpm). 1kg of mixed meat was placed in a cube and put in a refrigerator 
at 4°C for 12 hours to complete the pyeonyuk. Three replications were made 
for each treatment and analysis was carried out.
Results
Proximate analysis of the pyeonyuk according to the addition level of TP are 
shown in Table 3. Water content decreased proportionally with increasing 
content of TP. An increase of whey powder has been reported to reduce the 

water content in beef meatball (Serdaroğlu et al. 2006). Protein of pyeonyuk 
was significantly lower in control than in other treatments. The fat content 
of pyeonyuk did not show a remarkable change when adding TP. The ash 
contents of the control and all treatments were 0.04 to 0.73. The pH of all 
treatments with added TP ranged from 6.34 to 6.36, which was lower than 
that of the control.
Color, WHC and Cooking loss of the pyeonyuk according to the addition 
level of TP are presented in Table 3. The L* values of the pyeonyuk ranged 
from 67.16 to 71.23, the lightness values tended to decrease as the amount 
of added TP increased. The a* value of redness is significantly higher in the 
control than in the other treatments. The yellowness value (b*) of the control 
group was the lowest at 14.84 and the TP added group showed a tendency 
to increase from 33.35 to 52.05. Lim (2011) study showed that the addition 
of 2%, 4%, 6%, and 8% of turmeric to bread resulted in lower brightness and 
redness and increased yellowness. The WHC (water holding capacity) of 
pyeonyuk was 51.52 ~ 73.95.
Regarding texture, there was no significantly difference in T1 treatment com-
pared to the control, but T2 and T3 treatments were significantly higher than 
control. The color was significantly higher when added with TP than the 
control. In the juiciness of pyeonyuk, T3 treatment was the lowest. There was 
no statistically significant difference among treatments in flavor and total 
acceptability of pyeonyuk.
Conclusion
The turmeric powder did not significantly reduce the quality characteristics 
of the pyeonyuk. The addition of 0.5% of TP did not decrease the water 
holding capacity compared to the control, and increased the storage charac-
teristics by inhibiting lipid oxidation. Therefore, the addition of 0.5% turmeric 
powder to the pyeonyuk can be applied as a natural preservative for meat 
products and will be applied as a functional food.



Notes

65th International 
Congress of Meat Science 
and Technology

238

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

Table 1.  
Physicochemical characteristics of broiler chickens fed with hydro- 
lyzed collagen from pigs 

Table 2.  
Quality characteristics of broiler chickens fed with hydrolyzed  
collagen from pig skin 

 
Table 3.  
Collagen contents of broiler chickens fed with hydrolyzed collagen 
from pig skin 
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Development of a compounding of meat products with use of vegetable raw materials of the oil and fat industry 
(#472)

Urishbay Chomanov, Gulmira Kenenbay, Tamara Tultabayeva, Aruzhan Shoman, Nurzhan Tultabayev
Kazakh Research Institute of processing and food industry, Processing technology and storage of plant products, Almaty, Kazakhstan

Introduction
The technology developed by us allows to enrich meat products with non-
saturated fatty acids, at the same time reducing the price of prime cost of fin-
ished goods due to replacement of a part of meat raw materials with second-
ary waste of the oil and fat industry. The fatty acid composition of vegetable 
raw materials (linen seeds mill, wheat germ, sesame and pumpkin seeds) 
was investigated. Study of rheological characteristics (bending moment and 
shearing force) and thermodynamic parameters (water activity, moisture 
binding energy and moisture binding capacity) of minced systems with a 
biological additive from secondary vegetable raw material of linen seeds mill, 
wheat germ, sesame and pumpkin seeds.
Methods
Study of rheological characteristics (bending moment and shearing force) 
and thermodynamic parameters (water activity, moisture binding energy and 
moisture binding capacity) of minced systems with a biological additive from 
secondary vegetable raw material of linen seeds mill, wheat germ, sesame 
and pumpkin seeds.
Bending moment and shearing force were determined on the TMS-PRO 
(USA). As a result of research it is established that in comparison with the 
control variant in minced systems with a biological additive from secondary 
vegetable raw materials with the addition of 20% of the bending moment 
value decreased and the shearing force from 2 to 15 %. This is because the 
use of a dietary supplement increases the strength of the bond between fat 
and muscle tissue.
Investigated thermodynamic indicators stuffing systems with biological ad-
ditives on the instrument Testo 650 (Germany) and on the installation was 
developed by academicians I. Rogov and Comanov U. (Figures 3,4).
Results
Proceeding from it having studied fat and acid composition of linen seeds 
mill, sesame and pumpkin seeds the compounding of biological additive is 
made of linen seeds mill, wheat germ, sesame and pumpkin seeds (table 1)
[4,5,6].

Table 1 – A compounding of biological additive from linen seeds mill, wheat 
germ, sesame and pumpkin seeds
 
Name of produce Recipe, g

2

Linen seed cake 10

Sesame mill 5

Pumpkin seeds mill 5

Wheat germ mill 5

Enzyme nutrase xyl 0,1

Water 75

Subtotal 100

The composition of the formulation of prototypes and control sample are 
shown in table 2.

Table 2 - Composition of meat products enriched with polyunsaturated 
fatty acids

№ Composition Unsalted raw materials, kg (per 100 kg of raw materials)

Control,

ST RK

1333-2005

Test No. 1

(10% additives)

Test No. 2

(15% 

additives)

Test No. 3

(20% 

additives)

Test No. 4

(25% 

additives)

Test No. 5

(30% 

additives)

1 Trim beef 25 22,4 21,125 19,825 18,55 17,25

2 Trim pork (not fatty) 25 22,4 21,125 19,825 18,55 17,25

3 Trim pork, fatty 50 44,8 42,25 39,65 37,1 50

4 Biological 

additives with PUFA

- 10,4 15,5 20,7 25,8 34,5

Spices and materials, g (100 kg unsalted raw materials)

5 Salt 3000 3000 3000 3000 3000 3000

6 Sodium nitrite 10 10 10 10 10 10

7 Granulated sugar 200 200 200 200 200 200

8 Pepper 

black or white ground

150 150 150 150 150 150

9 Nutmeg 

or cardamom ground

30 30 30 30 30 30
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Conclusion
Thus, the production of the biological additive from linen seeds mill, wheat 
germ, sesame and pumpkin seedswith a residual content of 4.5% obtained 
by cold pressing does not contain impurities, is a natural product, has a 
unique chemical composition and high value for the organism. That allows 
to develop the assortment of products with wide therapeutic properties, to 

create diets containing ω-6 and ω-3 acids, essential components - vitamins 
of group B, iron, zinc, copper.
Analysis of the experimental data showed that the use of mill sesame seeds, 
pumpkin seeds and linen seeds in the production of functional food products 
is promising and allows to adjust the technological and nutritional properties 
of the final products



Notes

65th International 
Congress of Meat Science 
and Technology

241

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-03-25 

Analysis of commercial benchmarking data to assess the relationship of animal handling and carcass chilling rate 
on pork quality (#540)

Neal Matthews, Brandon Fields, Andrzej Sosnicki
Genus-PIC, Hendersonville, US

Introduction
Post-mortem (PM) pH is one of the key indicators of desirable pork quality 
(Lonergan, 2012).  Numerous factors can influence PM pH decline, such as 
ante-mortem stress, feed withdrawal, lairage time, transportation length, and 
carcass chilling rate (Berg, 2006; Huff-Lonergan, 2012).   Ante-mortem stress 
and carcass chilling rate are two of the most important factors in the devel-
opment of a normal PM pH decline.  The goal of this meta-analysis was to 
determine the relationship of animal handling and carcass chilling with pork 
quality traits in commercial slaughter plants by analyzing benchmark data 
collected by PIC in the past 4 years.
Methods
Data were collected in 26 commercial processing plants located in North 
America, South America, and Europe, totaling 8 different countries, from 
2015 to 2019.  Plants were classified based on chilling rate [Aggressive (AC) 
vs. Conventional (CC)] and animal movement to stunning [Group (GS) vs. 
Single-file (SFS)].   AC was defined as chilling where the average ambient 
temperature was -10C or lower at 1, 1.5, and 2 hours postmortem; whereas 
CC was defined as chilling, which did not have average temperatures lower 
than -8C at 1, 1.5, and 2 hours PM.  Regarding animal handling, GS consisted 
of CO2 stunning with automated group movement of pigs into the stunner; 
whereas SFS consisted of electrical and CO2 stunning that required pigs 
to be moved to the stunner in a single-file.   Data collected included car-
cass chilling rate, ham and loin initial pH (pHi) and ultimate pH (pHu), loin 
Japanese color score (JCS), and loin firmness.  Carcass chilling rates were 
obtained using temperature trackers that allowed measurement of the tem-
perature decline in the deep ham (semimembranosus), loin (at last rib), and 
shoulder (between the 2nd and 3rd ribs).  An additional ambient probe was 
placed below the carcass to obtain ambient temperature during the chilling 
process. Data was collected on a minimum of 10 carcasses per processing 
plant and collected on 2 or 3 consecutive days to account for variation.  Loin 
(last rib) and ham (semi-membranous) pH data were collected immediately 
prior to chilling of the carcass (pHi) and at 18 to 24 hours (pHu) PM.  The pH 
data were collected on at least 2 days with multiple measurement sessions 
during the day.  At least 100 measurements per pH-trait were collected at 
each processing plant.  Similarly, loin quality data (JCS and firmness) were 
collected on multiple days with a minimum of 100 measurements at each 
processing plant.  Averages from each plant were used in the meta-analysis 

to determine the relationship between animal handling and carcass chilling 
rate with meat pH, color, and firmness.  Data were analyzed using ANOVA 
procedures in SAS using the PROC GLM procedure with main effects of 
chilling rate and animal handling.   The experimental unit was processing 
facility.
Results
Initial pH in the ham and loin was improved (P < 0.0001) in systems with 
group handling of pigs prior to stunning (Table 1).   Ultimate pH in the ham 
was not affected (P > 0.10) by chilling type or handling; although pHu was 
numerically higher in carcasses undergoing AC.   Ultimate pH of the loin 
tended (P = 0.12) to increase with AC, but most of this increase was due 
to highest pH occurring with AC and GS (chilling x handling, P < 0.09).  AC 
improved (P < 0.06) JCS, but GS only tended to increase JCS (P = 0.14).  Loin 
firmness tended (P = 0.18) to improve with AC but was not affected (P > 0.10) 
by handling.  As expected, chilling curves (Figure 1) were improved for AC 
treatments with the differences occurring from 3 to 14 h PM in the ham (P < 
0.05), 1.5 to 10 h PM in the loin (P < 0.05), and 3 to 15 h PM in the shoulder 
(P < 0.05).   Ambient temperatures were lower with AC from 1 to 6 h PM (P 
< 0.05).
Conclusion
This meta-analysis shows the advantages of GS and AC.  The increase in 
pHi in GS pigs clearly indicates that stress levels are reduced when stunning 
systems allows for GS.  However, GS must be combined with AC to reduce 
pH decline rate, and thus improve pHu.   All measurements were collect-
ed in commercial slaughter plants with many confounding factors (i.e. feed 
withdrawal times, rest times, genetics, etc.) within and between slaughter 
plants that could minimize potentially larger effects of AC and GS on PM pH 
decline.
References
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Table 1. Effect of Chilling Type and Handling Type on Ham and Loin 
Quality  

Figure 1.   
Effect of Chilling Type on Chilling Curves 
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Antioxidant activity under in vitro gastrointestinal digestion of pork patties supplemented with edible mushroom 
extracts (#583)

Rey David Vargas-Sánchez1, Gastón R. Torrescano-Urrutia1, Brisa del Mar Torres-Martínez1, Felix Joel Ibarra-Arias2, Nelson O. Huerta-Leidenz3, Armida 
Sánchez-Escalante1, ATISA, Ciencia Médica Animal
1 Centro de Investigación en Alimentación y Desarrollo, A.C., Hermosillo, Mexico; 2 ATISA, SA de CV Ciencia Médica Animal, Guadalajara, Mexico; 3 Texas Tech University, Lubbock, US

Introduction
A meat product is said to be functional when it contains ingredients with a 
specific technological and/or health benefit (Fernández‐Ginés et al. 2005). 
These products are characterized by possessing some biological active com-
pounds that can exert a positive physiological effect. The underlying idea be-
hind functional foods is to reduce the prevalence of chronic diseases by curb-
ing the habitual consumption of popular meat products (Fernández‐Ginés et 
al. 2005; Arihara, 2006). Natural ingredients such as citrus and oat fiber, fish, 
olive and sunflower oil, fructooligosaccharides, soy protein isolates, rye bran, 
rosemary extract, tea chatechins and tomato juice have been used in cooked 
meat products to improve nutritional and functionality (Fernández‐Ginés et al. 
2005). Edible mushroom extracts (EME) have been used either in traditional 
medicine or as a food ingredient, and they can exhibit functional properties 
(e.g., antioxidant effect) associated with the presence of phytochemicals such 
as polysaccharides, polyketides, terpenes, steroids and phenolic compounds 
(Giavasis, 2014). However, their ocurrence and antioxidant activity can be af-
fected by the chemical conditions and enzymatic activity carried on in the 
gastrointestinal tract (Soler‐Rivas et al. 2009). In vitro digestion models are 
widely used to study structural changes, digestibility, and release of food com-
ponents (plants, emulsion-based food, dairy, fish and meat) under simulated 
gastrointestinal conditions (Hur et al. 2011). Thus, the aim of this study was to 
determine the effect of in vitro gastrointestinal digestion (ivGID) on antioxidant 
activity of pork patties supplemented with aqueous-ethanol EME.
Methods
Firstly, bioactive compounds of edible mushrooms powders (Ganoderma lucid-
um and Pleurotus ostreatus) were extracted with water (1:10) and the extraction 
was assisted by a ultrasound method (42 KHz/ 25 °C/ 30 min). Subsequently, 
the mixture was centrifuged (4,200 x g/ 10 min) and resulted solution was 
filtered (Whatman No. 4 filter paper), concentrated under reduced pressure, 
lyophilized and stored at -20 °C under dark, until analysis. Pork meat (M. semi-
membranosus, 24 h postmortem) was mixed with fat (10% in final formulation, 
w/w), salt (1.5%, w/w) and water (5%, v/w), and subsequently supplemented 
with EME (G. lucidum and P. ostreatus, 0 and 0.5%). All patties were grilled 
until reaching an internal temperature of 71 °C and vacuum-packaged for fur-
ther analyses. The ivGID (Hur et al. 2011) proceeded during 2 h in a flask with 
pepsin at 2.0-2.5 pH and 150 rpm. Thereafter, the pH was adjusted to 5.0-5.5 

and a solution of pancreatin, lipase and bile bovine was added. The conditions 
(37°C, 150 rpm) were maintained for 4 h. Analyses of the total antioxidant activ-
ity [total phenolic content (TPC), DPPH● activity, and reducing power activity 
(RPA)] were conducted (Huang et al. 2011). Data were analyzed by ANOVA 
and means were separated with a Tukey’s test (P<0.05).
Results
As shown in Figure 1, TPC values increased (P<0.05) after ivGID, and the high-
est (P<0.05) TPC values (223.9 mg gallic acid equivalents/g) were exhibited 
by patties treated with the P. ostreatus extract. DPPH● activityvalues in EME 
samples also increased (P<0.05) after the ivGID, and the highest (P<0.05) 
values were found in samples treated with the P. ostreatus extract (73.3% of 
DPPH● inhibition). In addition, the ivGID tended to reduce (P<0.05) the RPA in 
all samples under study.
Conclusion
It has been demonstrated that the addition of natural extracts contains phyto-
chemicals compounds in meat formulations that can increase the antioxidant 
stability, however, these compounds do not exert the same activity pattern 
during in vivo conditions (Falowo et al. 2014; Gonçalves et al. 2019). Phenolic 
compounds are phytochemicals considered to be major promoters of radical 
DPPH● inhibition and RPA in EME (Giavasis, 2014; Soler‐Rivas et al. 2009) but 
they are affected by several factors such as pH, temperature and enzymatic 
reactions; hence, different outcomes (i.e., increase or decrease) in TPC can be 
expected after the digestion, depending on the stability of each phenolic type 
in the food matrix (Gonçalves et al. 2019). In our study the RPA was reduced 
(>50%) by ivGID, whilst TPC and DPPH● anti-radical activity were enhanced 
with the supplementation of G. lucidum and P. ostreatus extracts (>90 and 
>30% by both, respectively) when compared to the control samples. In agree-
ment with our study, it has been reported that the antiradical activity and phy-
tochemicals content of edible mushrooms (Agaricus bisporus, Lentinula edo-
des and Boletus edulis) was enhanced by ivGID (Soler‐Rivas et al. 2009). It has 
also been reported a positive effect of a Agaricus brasiliensis residue added 
to milk enriched with Omega-3 to prevent lipid oxidation and bioavailability of 
bioactive compounds after ivGID (Vital et al. 2017). In conclusion, the use of 
EME as an ingredient in this processed meat product  can be considered a 
novel strategy to improve their functionality, but it also can be used to develop 
meat products with health benefits.
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Figure 1.  
In vitro gastrointestinal digestion effect on TPC (A), DPPH● activity 
(B) and RPA (C) of pork patties treated with EME. Means bearing dif-
ferent superscripts within the same treatment (A-C) or across treat- 
ments (a-c) indicate differences (P<0.05).
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Subacute feeding toxicity of low-sodium sausages manufactured with sodium substitutes and biopolymer- 
encapsulated saltwort (Salicornia herbacea) in a mouse model (#95)

Eun Young Jung, Da Young Lee, On You Kim, Seung Yun Lee, Sun Jin Hur
Chung-Ang University, Animal Science and Technology, Anseong-si, South Korea

Introduction
Numerous studies have reported that excessive sodium intake has a nega-
tive impact on human health. Extensive research has focused on the devel-
opment of salt substitutes or replacements in meat products. We developed 
a plant-based salt with two approaches to reducing sodium consumption. 
The first approach replaced 55 % sodium with alternative substitutes KCl, 
MgCl2, and CaCl2. The second approach reduced sodium absorption encap-
sulation by biopolymers (chitosan, cellulose, dextrin, and pectin).
Methods
Low-sodium sausages were manufactured by sodium substitution and bio-
polymer encapsulation, and a diet comprising 10% treatment sausages (6 
treatment groups: C: 100 % NaCl, T1: 55 % sodium substitute + 45 % saltwort 
salt), T2 (55 % sodium substitute + 45 % saltwort salt with chitosan), T3 (55 
% sodium substitute + 45 % saltwort salt with cellulose), T4 (55 % sodium 
substitute + 45 % saltwort salt with dextrin), and T5 (55 % sodium substitute 
+ 45 % saltwort salt with pectin)) were added to a 90 % commercial mouse 
diet for 4 weeks.
Results
Body weight increased (though not significantly) after 4 weeks of feeding in 
all treatment groups. In this study, body weight ranged from roughly 22 g to 
34 g. This is standard body weight for ICR mice. Throughout the experiment, 
all the mice looked healthy, and no abnormal behavior or clinical pain/dis-
tress symptoms (dehydration, incontinence, soiled fur, sunken eyes, closed 
lids, wasting back muscles, a sunken or distended abdomen, unresponsive-
ness, hunched posture, and scratching or biting) were observed. Feed intake 
did not differ among the treatment groups (data not shown). Thus, dietary 
low-sodium sausage had no effect on body and organ weight loss.
After 4 weeks of feeding, white blood cell, red blood cell, hemoglobin, he-
matocrit, mean corpuscular hemoglobin, platelet, mean platelet volume, pro-
calcitonin, and WBC differential counting were significantly different with no 
consistent trends among the treatments.
Biopolymer encapsulated saltwort groups (T2 - T5) were shown to have a 
higher sodium absorption rate reduction than the control and T1 (sodium 
substitute and saltwort without encapsulation). Among the biopolymer en-
capsulated saltwort groups, T3 (cellulose encapsulated saltwort group) re-
sulted in the highest inhibition of sodium absorption.
Although example reference ranges of toxicity are given, these values may 

vary depending on animal species, breed, age, gender, diet, or analysis 
method, and the results of toxicity tests may vary depending on the exper-
imental conditions. Therefore, the subacute feeding toxicity results in this 
study were evaluated by comparing the differences with the control group, 
as well as by referring to the results of previous studies.
Conclusion
The toxicity of low-sodium sausages manufactured by Na substitutes and 
biopolymer encapsulated saltwort was determined in a mouse model. Al-
though certain toxicity test levels differed among dietary treatment groups, 
all levels were within normal reference ranges. Moreover, there were no sig-
nificantly different results between the test groups and the control group, 
suggesting that all low-sodium sausages are safe in terms of subacute tox-
icity. Among the samples, sausage manufactured using Na substitutes and 
cellulose encapsulated saltwort was shown to have the best Na absorption 
inhibition rate without toxicity in this study. As shown in the final product im-
ages of Table 1, sausage appearance is normal and unpublished data show 
no difference in sensory evaluation tests among samples. Therefore, low-so-
dium sausage produced with Na substitutes and biopolymer-encapsulated 
saltwort are not toxic and can be commercialized.
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Effect of sodium substitutes and biopolymer encapsulated saltwort  
(Salicornia herbacea) in low-salt 

 
Formulation (%) of sausages.
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Improvement of Chinese traditional goat ham flavor by starter cultures (#125)

Wei Wang, Jiamin Zhang, Zhiping Zhao, Lili Ji, Ting Bai, Lin Chen
Chengdu University, Meat-processing Application Key Lab of Sichuan Province, Chengdu, China

Introduction
Goat meat products have a long history in China. Among the nearly a hun-
dred kinds of products, including cured, marinated and grilled meat prod-
ucts, the goat ham (Feng Yang Tui), a natural air-dried cured goat legs, is one 
of the most representative traditional cured meat products. To make goat 
ham, the raw material fresh lamb leg is dressed, salted, cured, naturally-dried 
and stored till its ripening, which will last more than 30 days. During the 
processes of air-drying, a series of small molecule compounds, such as al-
dehydes, ketones and acids, are gradually produced and consequently lead 
to the unique flavor characteristics. In the present study, starter cultures was 
applied to further improve the Chinese traditional goat ham flavor.
Methods
Processing procedures: Goat ham was produced by traditional 
method (control) and addition of starter cultures SM-194 (sample), respec-
tively. The goat hind legs was cured in a container at 4 ºC for 12 days after 
dressing and adding salt and up and down stirred for 3 to 4 times. Then, 
the samples were washed and hanged and subsequently natural air-dried 
until the water dehydrated up to 15%. After that, the samples were cut and 
trimmed and followed by fermentation and air-dry for 18 days until weight 
lost by 30-32% at 8-12 ºC with the relative humidity of 50-65%. Finally, the 
samples were cut into small size and vacuum packaged. The product of goat 
ham will be well prepared after 30 days post-fermentation at 6-8 ºC.
Determination of volatile aroma components: The sol-
id phase micro-extraction was performed by using the equipment of HP 
6890/5973 GC/MS under the conditions: solid phase micro-extraction 
probe: CAR/PDMS 75 µm, extraction temperature 80 ºC, extraction 40 min, 
desorption 3 min, column HP-INNOWAX 30 m*0.25 mm*0.25 µm, tempera-
ture at sample inlet 250 ºC, split ratio 2:1. The temperature was first kept at 
50 ºC for 3 min. Then, the temperature was increased to 150 ºC at the ratio 
of 5 ºC/min. Finally, it was increased from 150 ºC to 260 ºC at the ratio of 10 
ºC/min.
Results
The volatile aroma components of goat ham were tested by using GC-MS, 
as shown in Table 1. The flavor components of the control without starter 
cultures and sample with starter cultures were counted as follows. 6 types of 
flavor components were found in control without starter cultures, including 
alcohols (34.181%), acids (27.695%), aldehydes (7.922%), ketones (6.405%), 
alkenes (4.733%) and phenols (2.216%). However, esters was not detected 

in control. While for sample with starter cultures, 7 types flavor components 
were detected, consisting of alcohols (39.064%), aldehydes (23.389%), ac-
ids (15.424%), alkenes (7.980%), esters (4.280%), ketones (2.350%) and phe-
nols (0.125%). Only 25 types of volatile aroma materials were detected in 
control, including acids (8 types), alcohols (5 types), aldehydes (4 types), 
alkenes (3 types), phenols (3 types), ketones (2 types). However, 41 types of 
volatile aroma materials were detected in sample, containing aldehydes (13 
types), alcohols (8 types), acids (8 types), esters (5 types), ketones (3 types), 
alkenes (2 types), phenols (2 types).
Table 1. Comparison of volatile flavor in goat ham.
Varieties Compounds Control (%) Sample (%)

Hydrocarbon  Myrcene 0.705 1.060

  Bornylene 2.061 /

  Limonene / 6.920

  3-Cyclohexen 1.967 /

  Total 4.733 (3 types) 7.980 (2 types)

Alcohols Ethanol 19.540 24.839

  1-Pentanol 1.661 0.802

  1-Hexanol / 0.115

  2-Octen-1-ol / 1.396

  Linalool 11.857 6.460

  1-Octanol / 0.986

  α-Terpineol 1.123 2.535

  benzil alcohol 0.252 2.046

  Total 34.433 (5 types) 39.179 (8 types) 

Aldehydes Hexanal / 2.476

  Heptanal / 1.543

  Octanal 0.210 2.573

  Nonanal 7.234 7.848

  Decanal / 1.203

  Octenal / 0.250

  Benzaldehyde 0.260 3.765

  2-Nonenal / 1.517

  trans-2-Decenal / 0.766

  4-Ethylbenzaldehyde / 0.622

  2-Undecenal / 0.551

  4-Isopropylbenzaldehyde / 0.525

  Pentadecanal 0.688 /

  Hexadecanal 0.140 /

  Total 8.392 (4 types) 23.779 (13 types) 
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Varieties Compounds Control (%) Sample (%)

Ketones 3-Hydroxy-2-butanone 2.701 3.542

  3-methyl-6-(1-methyleth-

yl)-2-cyclohexen-1-one

3.704 /

  2,3-Diketone / 2.061

  3,5-diene ketone / 0.289

  Total 6.405 (2 types) 5.892 (3 types) 

Acids Acetic acid 22.816 9.973

  Butanoic acid 2.132 0.220

  Pentoic acid 0.120 /

  Hexanoic acid / 0.878

  Heptanic acid 1.902 /

  Caprylic acid 0.845 0.145

  Nonanoic acid 0.160 2.543

  Decanoic acid 0.130 2.030

  Cis-2-decyl acid / 0.210

  Dodecanoic acid 0.120 /

  Hexadecanoic acid / 0.140

  Total 28.225 (8 types) 16.144 (8 types) 

Hydroxybenzenes Phenol 0.110 0.125

  3-methyl phenol / 0.105

Varieties Compounds Control (%) Sample (%)

  4-methyl phenol 0.150 /

  Eugenol 2.216 /

  Total 2.476 (3 types) 0.230 (2 types) 

Esters Ethyl caprylate / 2.532

  2-methyl propionic ac-

id-1-methyl-1-(4-methyl-

3-cyclohexene-1-base) 

ethyl ester

/ 0.140

  Ethyl caprate / 1.748

  Ethyl myristate / 0.155

  Ethyl palmitate / 0.110

  Total 0 4.685 (5 types) 

  Total types 25 41

 
Conclusion
In the present study, volatile flavor of the Chinese traditional goat ham was 
significantly improved by the starter cultures.  The sample with starter cul-
tures was more abundant in type and content of alcohols, aldehydes and 
esters.
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Meat quality and salt levels affect the microbiota during meat fermentation (#158)

Christina Charmpi, David Van der Veken, Emiel Van Reckem, Luc De Vuyst, Frédéric Leroy
Vrije Universiteit Brussel, Research Group of Industrial Microbiology and Food Biotechnology (IMDO), Faculty of Sciences and Bioengineering Sciences, Brussels, Belgium

Introduction
Quality development during meat fermentation relies on the metabolic ac-
tivity of lactic acid bacteria (LAB; Ravyts et al., 2012) and catalase-positive, 
coagulase-negative cocci (CNC; Stavropoulou et al., 2018). Yet, certain devi-
ations from standard practice, such as the use of dark-firm-dry meat (DFD; 
Adzitey & Nurul, 2011) or altered processing factors may not only affect the 
technologically beneficial microbiota but also allow the growth of undesir-
able microorganisms, including spoilage-inducing Enterobacterales. To that 
avail, this study aimed at the assessment of the impact of meat quality (DFD 
versus normal meat) and salt levels (0-4 %) on the spontaneous fermentation 
of pork mince batter. The dynamics of distinct microbial groups, namely LAB, 
CNC, and Enterobacterales were monitored.
Methods
An experimental set-up with two meat batters that differed in quality (i.e., 
normal meat with a pH of 5.74 ± 0.01 versus borderline DFD meat with a pH 
of 6.02 ± 0.06) was performed. The batters consisted of fresh pork mince (2 
kg, 14 % fat fraction) that was cured with sodium nitrate (150 mg/kg), ascor-
bic acid (500 mg/kg), and sodium chloride (0.0, 1.0, 2.0, 3.0, and 4.0 %). Then, 
the mixture was fermented spontaneously at 23°C for 14 d. Samples were 
analyzed after 0, 3, 7, and 14 d of incubation and the pH was measured. Pre-
sumed LAB were enumerated on de Man-Rogosa-Sharpe (MRS) agar, CNC 
on mannitol-salt-phenol-red agar (MSA), and Enterobacterales on RAP-
ID’Entero agar (RAPID). Bacterial colonies were subjected to DNA extraction 
and identified by (GTG)5-PCR genomic fingerprinting. Species level identity 
was then obtained by sequencing the 16S rRNA, rpoB, and/or tuf and rpoA 
genes. Finally, a detrended correspondence analysis (DCA) was performed 
for all samples, using R software (version 3.4.2; R Core Team, 2018).
Results
Upon fermentation, a divergence in pH course and community composition 
was found between the various samples, indicating a difference between 
the two meat quality levels used (Figure 1). In all cases, LAB governed the 
fermentation process, with final counts at about 8.0-9.0 log (CFU/g). Lac-
tobacillus sakei wasthe main contenderduring fermentation of normal meat, 
whereas Lactobacillus curvatus prevailed in the case of DFD meat (Figure 2). 
The presence of high salt levels benefited the MSA counts, leading to final 
counts of approximately 5.0-6.0 log (CFU/g), with Staphylococcus equorum, 
Staphylococcus saprophyticus, and Staphylococcus xylosus as the prevail-
ing species. Notably, during fermentation of normal meat, the presumptive 

enterobacterial counts were impaired by the addition of salt. In the case of 
DFD meat fermentation, however, they remained stable till the end of the 
fermentation (Figure 1).
Conclusion
The present case study followed the bacterial dynamics of meat fermentation 
processes with respect to different meat qualities and salt levels. The results 
showed that differences in meat quality influenced the microbial community 
dynamics, while salt variation had less impact. Further, the study pinpointed 
the potential persistence of enterobacterial communities, especially in DFD 
meat fermentation with low salt concentration. 
Literature 
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Computing. R Foundation for Statistical Computing, Vienna, Austria. 
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Figure 2 
Temporal dynamics of species isolated from MRS agar related to the  
fermentation of (A) normal and (B) DFD meat, with Lactobacillus 
sakei (black), Lactobacillus curvatus (white), Carnobacterium spp.  
(light grey), and others (dark grey) reflecting the bacterial species 
diversity (displayed as relative abundances).

 
Figure 1 
Community dynamics of the microbiota of spontaneously fermented  
(A) normal and (B) DFD meat, as well as the resulting pH course, at  
salt levels of 0 % (closed squares), 1 % (open diamonds), 2 % 
(closed  
triangles), 3 % (open circles), and 4 % (closed circles). The  
bacterial counts on RAPID’Entero are expressed as log cfu/g.



Notes

65th International 
Congress of Meat Science 
and Technology

252

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-04-04 

Northern and Southern European fermented meat products in the Belgian retail display differences in their 
microbial communities (#159)

Emiel Van Reckem, Wim Geeraerts, Christina Charmpi, David Van der Veken, Luc De Vuyst, Frédéric Leroy
Vrije Universiteit Brussel, Research Group of Industrial Microbiology and Food Biotechnology (IMDO), Faculty of Sciences and Bioengineering Sciences, Etterbeek, Belgium

Introduction
The geographical origin is often linked to the cultural meaning and tech-
nological properties of traditional fermented foods (Leroy et al., 2013). This 
is also the case for fermented meat products, of which a wide variety is 
manufactured across Europe (Ojha et al., 2015). The main microbial groups 
occurring during meat fermentation are lactic acid bacteria (LAB) and coag-
ulase-negative staphylococci (CNS). CNS communities are generally more 
diverse in traditional fermentations. However, only two species (Staphylo-
coccus xylosus and S. carnosus) are commonly used as starter cultures in 
industrial fermentations (Stavropoulou et al., 2018). Due to the wide variety 
of processing conditions across Europe, it is unclear which microbial com-
munities are dominant in commercially available fermented meat products 
from different origins. Therefore, the present study aimed to assess the bio-
diversity of fermented meat products in the Belgian retail and to investigate 
potential links with the country of origin and the product characteristics.
Methods
In total, 80 randomly selected fermented meat products were purchased 
from small and large retail vendors in and around Brussels, Belgium. For 
each product, the pH was measured and the country of origin was cata-
logued according to the producer. Samples were plated on de Man-Ro-
gosa-Sharpe (MRS) agar and on mannitol-salt-phenol-red agar (MSA) to 
enumerate LAB and CNS, respectively. Isolates picked up from these agar 
media were subjected to (GTG)5-PCR fingerprinting and clustered using Bi-
oNumerics 5.1 software. The identity of each (GTG)5-PCR fingerprint cluster 
was further confirmed via sequencing of the 16S rRNA, rpoB, and tuf genes 
of representative isolates. A detrended correspondence analysis (DCA) 
was performed, followed by a series of pairwise permutational multivariate 
analysis of variance (PERMANOVA) comparisons and similarity percentage 
analysis (SIMPER) to assess microbial differences between products from 
different countries (R Core Team, 2018).
Results
The collected fermented meat products originated from Italy (17), France 
(32), Spain (14), Belgium (13), and Germany (4). Generally, Southern Euro-
pean products had a higher pH than the Northern European ones, with the 
average pH being 5.71 ± 0.47, 5.56 ± 0.40, 5.43 ± 0.25, 4.92 ± 0.16, and 4.77 
± 0.09 for Italian, Spanish, French, Belgian, and German fermented meat 
products, respectively. DCA indicated differences in microbial communities 

between products originating from different countries (Figure 1). Pairwise 
PERMANOVA and SIMPER revealed that microbial communities of mainly 
lactobacilli and CNS from Belgian and German products were significantly 
different from their Southern European counterparts, showing a high prev-
alence of Pediococcus pentosaceus and S. carnosus. Furthermore, microbial 
communities of Spanish fermented meat products were significantly differ-
ent from Italian and French ones, with S. equorum and S. xylosus as the pre-
vailing CNS species, respectively (Figure 2).
Conclusion
The present study highlighted differences in microbial communities of LAB 
and CNS between Northern and Southern European fermented meat prod-
ucts. This was likely due to differences in ingredients, processing conditions, 
and starter culture formulations.
Literature
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Figure 1 
Detrended correspondence analysis biplot based on Bray-Curtis dis- 
similarity scores of the microbial communities of fermented meat  
samples from Italy (IT), Spain (ES), France (FR), Belgium (BE) and 
Germany (DE).

 
Figure 2 
Total relative abundances of (A) Staphylococcus xylosus (black), S. 
carnosus (darkgrey), S. equorum (white), S. saprophyticus (diago- 
nal parallel lines),and S. succinus (parallel lines), and (B) Lacto- 
bacillus sakei (black), L. curvatus (darkgrey), Pediococcus pentosa-
ceus (white), L. plantarum (diagonal parallel lines),and L. alimen-
tarius (parallel lines) in fermented meat samples from Italy (IT), 
Spain (ES), France (FR), Belgium (BE) and Germany (DE)
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Preliminary study of superworm (Zophobas morio) larvae oil for antioxidant and antimicrobial activities in ground 
pork (#182)

Jarongsak Pumnuan1, Komkhae Pilasombut2, Noratat Prachom2

1 King Mongkut’s Institute of Technology Ladkrabang, Department of Plant Production Technology, Faculty of Agricultural Technology, Bangkok, Thailand; 2 King Mongkut’s Institute of Technology Lad-
krabang, Department of Animal Production Technology and Fisheries, Faculty of Agricultural Technology, Bangkok, Thailand 

Introduction
Synthetic preservatives, which currently being used to reduce microbial 
growth and thereby extend the shelf-life of meat products [1], but affects the 
health of consumers. The many reports has been focused on extracts from 
medical plants and used to improve the sensory characteristics and shelf-
life of foods [2]. In the other hand, those meat products have an unpleasant 
odor, which according to the smell of those plants. However, the products 
still have smell of original material. Insect oil are total polyunsaturated fatty 
acids in insects content may be up to 70% of total fatty acids [3] may be 
effect to the stability of oxidation reaction. Therefore, the objective of this 
study was to potential of insect oil from Z. morio to antioxidant and antimi-
crobial activities, and the application of insect oil in ground pork as a natural 
preservative.
Methods
Raw materials and preparation: The larvae of superworm were 
reared by using KMITL-P21-21 formulation as food. The 70-days old of larvae 
were cleaned and oven-dried at 60ºC, and grounded into fine pieces. The 
dried insect was subjected to 95% ethanol (1:3) by maceration method and 
heating on a stirring hot plate at 65ºC for 1 h. The solution was then filtered 
under a vacuum through filter paper. After filtering, the ethanol solvent was 
removed by rotary evaporation, to obtain the insect oil.
Determination of in vitro: DPPH and ABTS radical scavenging activ-
ity was determined using the method described by [4] and [5], respectively. 
Antimicrobial activity against pathogenic bacteria was performed using agar 
well diffusion method [6].
Application of insect oil in ground pork: pH levels were deter-
mined according to [7]. The colour values (L*, a*, and b*) of the raw ground 
pork meat fillets was determined using a Colorimeter Mini Scan EZ 4000L 
(USA). Thiobarbituric acid reactive substances (TBARS) value was deter-
mined according to [8]. Observation was during storage (4◦C) for 0, 30, 60 
and 90 days after treatment.
Results
In vitro: The results revealed that antioxidant activities of oil insect were 
lower than BHT and a-tocopherol. The IC50 from insect oil using DPPH and 
ABTS assays were approximately 0.14% and 0.16%, respectively.   The low-
er IC50 values of BHT and a-tocopherol measured by DPPH assay (0.0002 
and 0.0036%, respectively) and ABTS assay (0.0038 and 0.0017, repectively) 

were observed (Table 1). The insect oil showed non-inhibition all target mi-
croorganisms as diameter of inhibition zone <10.0 mm (Table 2).
In vivo: It was found that oil insect had no effect on pH and colour of 
ground pork compared to control and BHT groups (Table 3). The TBARS 
method has been used to determine the de gree of lipid oxidation through 
MDA compound. The results showed that the lowest MDA content was 
observed in minced pork containing BHT. However, total MDA content in 
minced pork adding oil insect was lower than control (p<0.05) (Table 3).
In addition, Ground pork containing oil insect (52.65%) was higher 
(p>0.05)   DPPH scavenging activity than control (41.25%) and 0.1%BHT 
(40.69). In the same way, ground pork containing oil insect showed higher 
(p<0.05) ATBS radical cation decolorization than control and 0.1%BHT as 
shown in Table 3.
The effective of 10% insect oil to antioxidant activity in this study were low-
er than the standard groups. While, the insect oil gave higher than fruit 
wines [9] and spice extracts [6] were previous studies. The IC50 of these 
methods exhibited high activity in accordance with total phenolic content 
in fruit plants were high [9]. Whereas, total polyunsaturated fatty acids in 
insects content may be up to 70% of total fatty acids [3] may be effect to 
the stability of oxidation reaction. The result found that the insect oil from 
superworm could not use to antibacterial in meat products. These results 
suggest that these antioxidants from insect oil could not delayed lipid oxi-
dation during storage, but have a tendency antioxidant more than negative 
group. Although antioxidant activity is reported to be associated with phe-
nolic compounds, a possible synergism between phenolic compounds and 
other compounds might be responsible for these observations, especially 
total polyunsaturated fatty acids in insect oils.
Conclusion
The IC50 from oil insect using DPPH and ABTS assays were higher value 
than positive control (BHT and a-tocopherol), which indicated lower antiox-
idant activity. Antibacterial activity of oil insect against pathogenic bacteria 
was not observed. This insect oil was applied to ground pork. It was found 
that meat sample containing oil insect revealed higher antioxidant activity. 
In addition, total MDA content in minced pork after adding oil insect was 
lower than control during storage time until 90 days. This finding could be 
explained that adding oil insect in minced pork enhanced the antioxidant 
activity and could be against lipid peroxidation during storage.
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Table 1.
The percentages of DDPH and ABTS radical decolorization in insect oil  
from superworm larvae.

 
Table 2.
Antibacterial activities of 10% insect oil from superworm larvae for  
chosen pathogenic microoraganisms.

 
Table 3.  
The effects of 0.5% insect oil from superworm larvae on pH, colour  
values, TBARS values, and DDPH and ABTS radical decolorization in  
ground pork.
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Is hydrogen peroxide and peracetic acid dipping solution before MAP effective as an antimicrobial and 
antioxidant agent in extending rabbit meat shelf life? (#190)
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1 University of Padova, Department of Animal Medicine, Production and Health - MAPS, Legnaro (PD), Italy; 2 Gastec Vesta, Vigonza (PD), Italy

Introduction
Abstract – This study aimed at evaluating the effect of different packag-
ing systems, i.e. normal atmosphere packaging (BAG), modified atmosphere 
packaging (MAP) and hydrogen peroxide and peracetic acid-MAP (H-MAP), 
on rabbit loin meat stored at 12 ˚C for 14-day shelf life trial. Analyses were 
made at days 0 (control), 7 and 14 and involved drip loss, pH, L*a*b* col-
or values, lipid oxidation and mesophilic growth. Results indicated that the 
H-MAP packaging was the best solution to improve the shelf life of rabbit 
meat stored at refrigerated temperature.
Introduction
Packaging plays a very important role to preserve food, facilitate sales and 
thus reduce food waste. In particular, MAP contains a mixture of gases 
which extends the shelf life of food products: high CO2 acts as an antimicro-
bial agent and low O2 reduces oxidation [1]. Furthermore, the combination of 
MAP with pre-packaging treatments, like hydrogen peroxide (H; H2O2) and 
peracetic acid (PAA; C2H4O3), could improve the anti-microbial activities [2] 
and further extend the shelf life of meat products. Therefore, the present re-
search tested the pretreatment with H-PAA solution and packaging system 
on rabbit meat shelf life.
Methods
A total n=124 rabbit loins were bought at a commercial slaughterhouse, 
weighed, coded and packaged in: BAG (atmospheric composition), MAP 
(59.5% N2, 40.0% CO2, 0.5% O2) and H-MAP (59.5% N2, 40.0% CO2, 0.5% 
O2). The H-MAP samples were pretreated with 5% of OX-VIRIN (25% H2O2 
and 5% PAA; H-PAA solution) before MAP packaging. Samples were dis-
played at 12.0 ˚C in order to exacerbate oxidative and microbial spoilage pro-
cesses. Samples were analyzed at days 0 (control), 7 and 14. A total of n=80 
samples were used for physicochemical (drip loss, L*a*b* color, pH cook-
ing loss, WBSF, TBARS) and n=44 samples for microbial (total mesophilic 
count; UNI EN ISO 4833:2004) analyses. Data were analyzed by two sepa-
rate one-way ANOVA considering the effects of packaging system and time.
Results
The packaging system neither influenced pH nor color values of rabbit meat, 
whereas it affected rabbit meat drip loss when considering the whole shelf 
life period (Table 1): it was higher in H-MAP than BAG group, likely due to a 
cell membrane breaking effect of the H-PAA solution [2]. MAP group showed 
intermediate results. MAP and H-MAP packaging systems improved the ox-

idative stability of rabbit meat throughout the shelf life (Table 2), which was 
mainly due to the minimal concentration of residual O2 compared to the BAG 
group, as suggested by Berruga et al. [3]. Compared to BAG, the MAP and 
H-MAP treatments improved the microbial stability, but in different manners: 
the mesophilic count was the lowest at day 7 for MAP, at day 14 for H-MAP. 
The presence of CO2 and/or H-PAA solution might explain such results as 
both possess antimicrobial properties: CO2 alters cell membrane function 
and it changes the intracellular pH and the physicochemical properties of 
proteins [1]. The H-PAA solution has a strong oxidizing power against lip-
ids, proteins and nucleic acids, thus damaging the cell membrane and its 
biochemical pathways [2]. Despite this, no negative effects, but rather pos-
itive, on the oxidative status of meat lipids were observed along the shelf 
life which was explained by the protective effect of the MAP. Results of the 
present study agree with previous ones on MAP system of rabbit meat under 
retail display conditions [4]. As expected, independently to the packaging 
system, the overall physicochemical quality of rabbit meat generally wors-
ened with storage.
Conclusion
Compared to BAG packaging, the MAP effectively preserved the rabbit meat 
refrigerated at 12 °C for 14 days, however H-PAA solution/MAP combination 
ensured the best results.
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Table 2. 
Effect of different packaging systems on cooking loss, 
shear force, TBARs (mg MDA/kg meat) and mesophil-
ic count in rabbit meat refrigerated at 12 °C for 14 days.

 
Table 1. 
Effect ofdifferent packaging systems on drip loss, pH, L*a*b* 
color values of rabbit meat refrigerated at 12 °C for 14 days.
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Effect of gelatin mixtures as injected solution on loin ham (#195)
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Introduction
Injection and tumbling is a widely used approach to improve the quality 
properties of meat products; the injected solution is uniformly dispersed into 
muscles for the effective extractability and solubility of myofibrillar proteins. 
As a major ingredient in injected solutions, salt increases the solubility of 
myofibrillar proteins and ionic strength of myofibrils. However, to meet con-
sumer demand, ingredients derived from natural sources, such as collagen, 
kiwi, fig, pear, and ginger, have been used to improve the quality properties 
of marinated meat.
Gelatin is widely used for the preparation of meat products owing to its 
functionality, including its effects on texture, water-binding ability, adhesion, 
and cohesion. Previous studies have shown that gelatin mixtures with other 
functional ingredients improve the water holding capacity (WHC) in cured 
ham, reduced fat sausage, and chicken nuggets. However, to our knowl-
edge, studies of the effects of commercial gelatin mixtures composed of 
collagen, carrageenan, isolated soy protein, whey protein, and other compo-
nents on injected/tumbled meat are lacking. In this study, we compare the 
functional effects of various commercial gelatin mixtures on physicochemi-
cal properties.
Methods
Preparation of loin samples with injected solution
Fresh pork loins were purchased from a local market (Seoul, Korea). Three 
commercial collagen mixtures (A, 20% pork gelatin, 30% isolated soy protein, 
30% konjac, and 12% carrageenan, and 8% guar gum; B, 20% pork gelatin, 
30% l-lysine monohydrochloride, 20% maltodextrin, 20% whey protein, 5% 
inulin, and 5% tapioca starch; C, 40% pork gelatin, 30% l-lysine monohydro-
chloride, 20% whey protein, 8% maltodextrin, and 2% tapioca starch) were 
purchased from different companies. The composition (w/w) of the injected 
solution was 93.6% water and 6.4% nitrite pickled salt (salt: nitrite = 99.4:0.6) 
for the control. For treatment groups, each commercial collagen mixture (A, 
B, or C) was dissolved in the injected solution. The solution was injected into 
each pork loin at a ratio of meat: solution of 10:2 (w/w) using an injector. The 
injected pork were placed in plastic bags and intermittently tumbled for 90 
min (45 min on, 15 min off) at 1 ± 1°C in a tumbler (MKR150; RÜHLE GmbH). 
After tumbling, samples was dried at 60 ± 1°C for 30, smoked at 65 ± 1°C for 
30 min, and cooked at 80 ± 1°C for 30 min to reach an internal temperature 
of 72°C.
pH values

The pH values were measured in a homogenate prepared with 4 g of meat 
sample and distilled water (16 mL) using a pH meter.
Water holding capacity (WHC)
The WHC of each sample was measured following the methods of Grau and 
Hamm, with modifications. In brief, 300 mg of sample was placed on What-
man No. 2 filter paper and then pressed for 3 min with constant pressure us-
ing a binate plexiglass plate. Outer and inner sections were measured using 
a planimeter to evaluate exuded moisture and meat, respectively. The ratio 
between the inner and outer section was defined as the WHC (%).
Cooking yield
Cooking yield was determined for individual samples by calculating the 
weight before and after cooking as follows:
Cooking yield (%) = [weight of cooked meat sample (g)/weight of raw meat 
sample (g)] × 100
Instrumental color
The colors of raw and cooked meat samples were determined using a col-
orimeter. Lightness (CIE L* value), redness (CIE a* value), and yellowness 
(CIE b* value) values were recorded.
Shear force measurement
For the Shear force values of the cooked samples were determined using a 
Warner–Bratzler attachment on a texture analyzer. Test speeds were set to 
2 mm/s. Data were collected and the shear force values (kg) were used to 
obtain the maximum force required to shear each sample.
Statistical analysis 
The data were analyzed using one-way analysis of variance (ANOVA) and 
Duncan’s multiple range test implemented in SAS.
Results
The gelatin mixtures led to significant increases in water holding capaci-
ty, cooking yield, and instrumental tenderness, regardless of the type of 
gelatin mixture. In particular, meat samples containing collagen mixture-C 
showed the highest (p<0.05) water holding capacity and tenderness among 
all groups. Furthermore, gelatin mixture-B induced increases (p<0.05) in pH 
values in samples. The a* values of samples with gelatin mixtures were low-
er p<0.05) than those of samples without gelatin mixtures. These results 
indicated that gelatin mixture-C could be used in injection brine to enhance 
the quality characteristics of meat products, particularly the water holding 
capacity and tenderness.
Conclusion
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In this study, we compared the functional effects of three commercial gela-
tin mixtures on quality characteristics, including the proximate composition, 
pH, cooking yield, WHC, cooking loss, shear force and color, of injected/
tumbled loin ham. Our results indicated that gelatin mixture-C and collagen 
mixture-A injected in brine could be used to improve quality characteristics 
and lipid oxidative stability, respectively. Further studies should evaluate the 
protein retardation effect of each commercial gelatin mixture.

 
Table 1. The pH values and water holding capacity, and cooking yield of 
pork loin injected with vari
All values are mean ± standard error of four replicates.a-cValues 
with different superscript letters within the same row differ signifi-
cantly (p<0.05).x,yValues with different superscript letters within 
the same column differ significantly (p<0.05).1)Control, samples in-
jected with no gelatin mixture; A, samples injected with commer-
cial gelatin mixture A; B, samples injected with commercial gela-
tin mixture B; C, samples injected with commercial gelatin mixture 

C.  
Fig. 1. Shear fore of pork loin injected with various gelatin mixtures. 
Bars indicate standard error. a-cValues with different letters on the 
bar are significantly different (p<0.05). 1)Control, samples injected 
with no gelatin mixture; A, samples injected with commercial gelatin 
mixture A; B, samples injected with commercial gelatin mixture B; C, 
samples injected with commercial gelatin mixture C.
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Table 2. Instrumental color profile of pork loin injected with various 
gelatin mixtures 
All values are mean ± standard error of four replicates.
a,bValues with different superscript letters within the same row differ 
significantly (p<0.05).
x,yValues with different superscript letters within the same column 
differ significantly (p<0.05).1)Control, samples injected with no gel-
atin mixture; A, samples injected with commercial gelatin mixture A; 
B, samples injected with commercial gelatin mixture B; C, samples 
injected with commercial gelatin mixture C.



Notes

65th International 
Congress of Meat Science 
and Technology

261

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-04-08 

The effect of replacing beef fat with olive oil and production methods on oxidative changes in fermented sausage 
(Sucuk) (#199)
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Introduction
Sucuk is a dry fermented sausage produced in Turkey with beef and beef 
fat with the addition of red pepper, black pepper, cumin and garlic. Sucuk 
also is a meat product which is more prone to lipid oxidation [1] due to its 
high fat content [2] during the ripening and storage period.  The progress of 
lipid oxidation in processed meat products depends on many factors such 
as processing methods, storage conditions, oxygen availability depend on 
packaging, oil type used in production and additives [3, 4].
Oxidation of proteins also causes changes in quality of meat, involves the 
loss of essential amino acids and decreases protein digestibility which af-
fects its nutritional value. α-aminoadipic (AAS) and γ-glutamic semialdehydes 
(GGS) are considered the main carbonyl products of oxidized proteins and 
play up as protein oxidation biomarkers in biological systems. objective of 
this study was to investigate the effect of replacing beef fat with olive oil and 
production methods (fermented and heat treated) on lipid oxidation (per-
oxide value) and protein oxidation (carbonyl content, AAS, GGS) in sucuk 
(Turkish sausage).
Methods
Four different formulations of sausages, containing 4 kg meat each, were 
prepared. Each treatment was formulated to contain 20% total fat. Control 
(C) group was consisted of 100 % beef fat. Olive oil was replaced with beef fat 
at levels of 15% (O15), 30 % (O30) or 45% (O45). After mixing all ingredients, 
sausage doughs were stuffed into natural casings. After the stuffing samples 
were divided into 2 groups (F and T). Sausages of the F (fermented) group 
were subjected to fermentation and ripening under the following conditions; 
22.5°C, 60% RH, 3 h; 23°C, 88% RH until achieving the pH of 5.4; 21°C, 83% 
RH 3 days; 19°C, 73% RH until achieving the moisture content of 40%. After 
the first stage of fermentation process (22.5°C,   60% RH, 3 h; 23°C, 88% 
RH until achieving the pH of 5.6), sausages of H group (heat treated) were 
subjected heat treatment in oven (Afos, England) until the core temperature 
reached 68°C and after the heating process sausages were cooled by spray-
ing water and then allowed to stand at 19°C and 73% RH for 2 days to drop 
the moisture up  to 50%.
Peroxide value (PV) was determined by titration method of Ockermann [5]. 
The total carbonyl content sucuks was analyzed by the method of Liu et al. 
[6]. AAS and GGS contents were analyzed using the method described by 
Utrera and Estévez [7].

The data was analyzed by one-way ANOVA using SPSS software  (SPSS 
21.0, USA). Duncan’s multiple range test was performed to identify signifi-
cant differences (P<0.05) between formulations. Differences between pro-
duction methods were analyzed with Paired-Samples T Test by using SPSS. 
The average values were reported along with standard deviation.
Results
Peroxide values and carbonyl contents of samples are shown in Figure 1 
and 2, respectively. Peroxide values and carbonyl contents of heat treated 
sausages were significantly higher compared to fermented groups. The in-
crease in peroxide content is probably the result of the heat applied during 
production. Carbonyl contents, one of the indexes of total protein oxidation, 
were also increased with heat treatment.  The addition of olive oil caused 
significant changes in peroxide values and carbonyl contents of the samples 
(P<0.05). Since olive oil contains high amount of unsaturated fatty acids, 
it’s more prone to oxidative changes.  For this reason, O45 samples had the 
highest values compared to C samples (P<0.05). Geçgel et al. [9] reported 
that incorporation of vegetable oils to the formulation of fermented sausages 
caused increments in peroxide values.  
AAS and GGS values of sucuk samples were given in Table 1. Although AAS 
was initially detected, GSS was not detected in the fermented sucuks. How-
ever, the formation of GGS was observed in the heat treated sucuk samples. 
AAS contents of heat treated sucuks were also higher than AAS contents 
of fermented sucuks (P<0.05). As seen with other oxidation products, the 
amount of AAS and GGS were influenced from the heat treatment during 
production. On the other hand, using olive oil as a fat replacer decreased 
the AAS and GGS contents of heat treated sucuks. This situation can be 
explained with the presence of antioxidants in olive oil.
Conclusion
The results of our study showed that fatty acid composition and production 
method of sucuk have an effect lipid oxidation and protein oxidation and on 
the formation of specific protein oxidation markers in terms of α-Aminoadipic 
semialdehydes (AAS) and γ-glutamic semialdehydes (GGS).
The authors acknowledge TUBITAK-TOVAG (Project Number: 214O181) for 
financial support.
[1] Kurt S. 2016. Korean J. Food Sci. An, 36(3), 300–308
[2] Yim D.G. Jang K.H. Chung K.Y. 2016. AJAS, 29(1), 119–125
[3] Soyer A. 2005. Eur Food Res Technol, 221, 412–415



Notes

65th International 
Congress of Meat Science 
and Technology

262

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

[4] Yildiz-Turp G. Serdaroglu M. 2012. J Food Technol, 10(2), 32–38
[5] Ockermann H.W. 1989. Quality Control of Postmortem Muscle Tissue[6] 
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tévez M. 2013. J Agric Food Chem, 61(33), 7987–7993
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Table 1.
α-aminoadipic semialdehyde (AAS) and γ-glu-
tamic semialdehyde (GGS) contents of sausages

 
Figure 2. Carbonyl content of sucuk samples

 

Figure 1. Peroxide value of sucuk samples
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P-04-09 

Prevention of lipid oxidation during storage of cured raw hams by starter cultures (#294)

Ramona Bosse1, Monika Gibis2, Julia Freese2, Jochen Weiss2, This project AiF 17687N was supported via AiF within the program for promoting the In-
dustrial Collective Research of the German Ministry of Economics and Energy and conducted at the University of Hohenheim, Germany.
1 University of Applied Sciences Bremerhaven, Food Technology for Products of Animal Origin, Bremerhaven, Germany; 2 University of Hohenheim, Department of Food Physics and Meat Science, Stutt-
gart, Germany

Introduction
In general, cured meat products such as raw hams have a long tradition 
and convincing with fine aromatic taste and typical reddish appearance. 
As the manufacturing process of cured raw hams remains one of the most 
time-consuming ones in meat industry, someone wonders why starter cul-
tures are not used to improve and maintain food quality attributes. As most 
raw hams are sold as sliced products in Germany, the objective of this study 
was to investigate the effect of Staphylococcus carnosus on lipid oxidation 
during storage of sliced raw hams.
Methods
For this study, coagulase-negative Staphylococcuscarnosus strains were se-
lected by metabolic activities (Tab. 1). Pork loins (M. longissimus dorsi) were 
manufactured by injecting brine without or with starter culture (7 log cfu/mL 
brine) in combination with dry-curing, cold smoking and ripening (4% salt; 
five weeks). Overall, four batches were investigated, control without starter 
culture with nitrite or nitrate and inoculated hams with nitrate cure including 
S. carnosus LTH 3838 or S. carnosus LTH 7036. The storage experiment was 
carried out (3 slices; thickness: 50mm) at 5°C for 12 days under light with re-
sidual air (light + air) and under vacuum (light + vacuum) or in the dark with 
air (dark+ air) and under vacuum (dark + vacuum). For total viable count 
diluted samples were pour or spiral plated on plate count agar (48h, 37°C). In-
vestigation of raw hams on nitrate/ nitrite content were carried out via HPLC. 
For studying the lipid oxidation hexanal as key marker was measured by GC-
FID system with a trap headspace sampler (PERKIN ELMER, GERMANY) 
(Bosse et al., 2016; doi: 10.1016/j.foodchem.2016.09.094). Statistical analysis 
was executed with STATGRAPHICS (α=0.05; STATPOINT, USA; Granato 
et al.; 2014; doi: 10.1016/j.foodres.2013.10.024).Table 1: Metabolic properties of 
selected Staphylococcus carnosus strains (Müller et al., 2016; doi: 10.1007/
s13213-015-1133-y).

Strain Origin Net growth up to 
NaCl concentra-
tion (g/L) 

Lypolysis

S. carnosus LTH 3838 fermented fish 150 0.04 positive

S. carnosus LTH 7036 fermented meat 70 0.72 positive

Nitrate reduction (mol NO2 per 7 log cfu)
Results
Starter cultures remain viable during five weeks of manufacturing and rip-
ening ham batches (total viable counts 6 log cfu/g raw ham). Whereas, the 
total viable counts of nitrite control hams remained at 4 log cfu/g raw ham 
and nitrate control hams increased up to 6 log cfu/g raw ham. In addition, the 
nitrate content (week 5) in hams cured with nitrite or nitrate inoculated with 
strain LTH 7036 were low with 52.06 ± 5.2 mg/kg raw ham and 41.20 ± 6.7 
mg/kg, respectively. Whereas, the nitrate content in hams inoculated with 
strain LTH 3838 showed highest residual nitrate levels (135.31 ± 11.5 mg/kg 
raw ham). The end products (week 5) showed different lipid oxidation grades 
expressed as hexanal content (Fig. 1) with highest for raw hams inoculated 
with strain LTH 3838 (43.58 ± 24.2 ng hexanal/g raw ham) and lowest for 
nitrite control batch (9.05 ± 6.1 ng hexanal/g raw ham). During storage under 
light (like is typical for sliced raw hams in sales counter) the hexanal content 
increased for all batches in general and significantly for the inoculated raw 
ham LTH 3838 in comparison with the end product. Furthermore, the storage 
in the dark with vacuum reduced the additional formation of hexanal during 
storage for all batches. The addition of strain LTH 7036 showed similar re-
sults for hexanal content as nitrate control (no significant differences).
Conclusion
In cured raw hams,complex interactions of starter cultures with meat matri-
ces, type of application as well as chemical and biological reactions involved 
in color formation and volatile aroma production takes part during process-
ing and needs to be better understood. In general, nitrate reductase activity 
is an important factor on color formation in cured raw ham. In conclusion, 
the results show that a high intensity of nitrate activity (e.g. like for strain 
LTH 7036) is an important parameter not only for color formation but also for 
limited lipid oxidation during storage of sliced cured raw hams. For further 
work, a combination of nitrite and starter cultures with high nitrate reductase 
activity can be taken into account.
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Figure 1: Mean hexanal content (ng hexanal/g raw ham) during differ-
ent storage conditions. 
Hexanal content as marker for lipid oxidation (*significant differenc-
es between end product and raw ham samples).



Notes

65th International 
Congress of Meat Science 
and Technology

265

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-04-10 

Color of longissimus thoracis et lumborum of Danish pork at 24 h and 48 h postmortem (#204)

Kathrine H. Bak1, Stephan A. T. H. Ha1, Marchen Hviid2

1 University of Copenhagen, Department of Food Science, Frederiksberg C, Denmark; 2 Danish Meat Research Institute, Taastrup, Denmark

Introduction
As part of a larger study evaluating the quality of Danish pork anno 2018, 
color of Longissimus thoracis et lumborum was determined visually and in-
strumentally at 24 and 48 h postmortem (pm). The purpose was to determine 
any color difference between the two time points and the abattoirs, and if 
differences could be explained by other quality parameters.
Methods
In total 120 (5x24) pigs were slaughtered at five abattoirs. Sex, hot carcass 
weight, lean meat%, and temperature were measured at 45 min pm. Loin 
pH24 was measured when sampling color at 24 h.
Samples (2.5 cm) were taken from longissimus thoraciset lumborum between 
the 6th and 7th vertebra from the hip. Color measurements were done on 
bloomed samples (surface exposed to air 60±10 min at 5-9 °C).
Visual color measurements were according to the Japanese pork color stan-
dard (JPCS) developed by (Nakai, Saito, Ikeda, Ando, & Kamatsu, 1975) 
ranging from 1=extremely pale to 6=extremely dark. All JPCS evaluations 
were done by the same trained employee.
Instrumental color measurements (4 per sample) used a Minolta Chroma 
Meter (CR-300, Konica Minolta, Japan), illuminant D65, observer angle 0°, 
aperture size 8 mm.
Pigment content (ppm hemin) was determined by a modified procedure after 
(Hornsey, 1956).
Total color change (ΔE*) was calculated according to (Choe et al., 2008) 
∆E*=(∆L*^2+∆a*^2+∆b*^2)^½.
Student’s t-test compared smaller sets within the whole dataset, incl. differ-
ences between abattoirs.
Results
There was no visual color difference, but a significant difference in L* and a* 
(Table 1).
Variables t24h t48h P

JPCS 3.34 3.38 NS

L* 52.23 55.21 ***

a* 6.25 6.53 ***

b* 3.92 3.98 NS

Table 1. Color at t24 vs. t48 compared via t-test.
P>0.05=NS (not significant), P<0.05=*, P<0.005=** P<0.0005=**
There was a discrepancy between abattoir E and the other four abattoirs 
(Table 2). Abattoir E had a significantly smaller increase in L* and smaller 

ΔE*. L* was higher for abattoir E at t24h but the difference was evened out 
at t48h (Fig. 1).
All ab-
attoirs

                 

            S ign i f -
i c a n c e 
vs. ab-
attoir E

     

A b a t -
toirs

A B C D E A B C D

ΔL* 2.91 3.47 3.57 3.34 1.60 * ** ** **

Δa* 0.33 0.12 0.19 0.30 0.44 NS NS NS NS

Δb* 0.14 -0.21 0.01 -0.02 0.37 NS ** * *

ΔE* 3.16 3.75 3.78 3.59 1.95 * *** *** **

pH24h 5.64 5.70 5.69 5.57 5.69 NS NS NS **

H o t 
carcass 
we ight 
(kg)

88.51 86.56 85.80 87.82 83.00 * NS NS *

Meat% 60.30 60.75 60.55 61.56 59.85 NS NS NS NS

T 4 5 m i n 
(°C)

39.10 39.53 39.93 39.71 39.48 ** NS * NS

H e m i n 
(ppm)

24.88 23.75 22.71 23.83 24.13 NS NS NS NS

ΔJPCS 0.08 0.33 -0.27 -0.06 -0.29 NS ** NS NS

Table 2. Instrumental and visual color change (t48h-t24h), hemin, weight, 
meat%, T45min, and pH45min; and abattoirs A-D vs. abattoir E.
P>0.05=NS, P<0.05=*, P<0.005=**, P<0.0005=***
 
There was no systematic explanation of the color differences, though sig-
nificant effects of pH24h, hot carcass weight, and T45min between abattoir E 
and some but not all other abattoirs were found. There was no difference in 
hemin (Table 2). A significantly larger ΔE* was found for males than for sows 
and castrates, possibly explaining part of the difference, as males were only 
found in abattoirs B and C.
Conclusion
The significant instrumental color difference between 24 h and 48 h pm 
must be taken into account when building color-monitoring equipment for 
the slaughter line. Slightly different slaughtering procedures are a plausible 
cause for the color difference between abattoirs (MacDougall, 1982). The sig-
nificant color changes observed between t24h and t48h are probably caused 
by changes in muscle structure. An increase in L* can be caused by in-
creased light scattering, e.g. as water-holding capacity is reduced 
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and protein denaturation increased during conversion from muscle to meat 
(Pérez-Alvarez & Fernández-López, 2008). Myoglobin chemical form affects 
L*a*b* (Lindahl, Lundström, & Tornberg, 2001). The change in a*, though sig-
nificant, was quite small, hence, changes in muscle structure are likely a 
more significant contributor to the increase in L*.
References
Choe, J. H., Choi, Y. M., Lee, S. H., Shin, H. G., Ryu, Y. C., Hong, K. C., & Kim, 
B. C. (2008). The relation between glycogen, lactate content and muscle fi-
ber type composition, and their influence on postmortem glycolytic rate and 
pork quality. Meat Science, 80(2), 355-362.
Hornsey, H. C. (1956). The colour of cooked cured pork. I.—Estimation of the 
Nitric oxide-Haem Pigments. Journal of the Science of Food and Agriculture, 
7(8), 534-540.
Lindahl, G., Lundström, K., & Tornberg, E. (2001). Contribution of pigment 
content, myoglobin forms and internal reflectance to the colour of pork loin 
and ham from pure breed pigs. Meat Science, 59(2), 141-151.
MacDougall, D. B. (1982). Changes in the colour and opacity of meat. Food 
Chemistry, 9(1), 75-88.
Nakai, H., Saito, F., Ikeda, T., Ando, S., & Kamatsu, A. (1975). Standard mod-
els of pork-colour. Bulletin of National Institute of Animal Industry (Japan)(29), 
69-74.
Pérez-Alvarez, J. A., & Fernández-López, J. (2008). Color Measurements on 
Muscle-Based Foods. In L. M. L. Nollet & F. Toldrá (Eds.), Handbook of Mus-
cle Food Analysis (pp. 467-478). Boca Raton: CRC Press

 
Figure 1.

L* at 24 h and 48 h pm.
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Fatty acid profile of lamb meat from two portuguese autochthonous breeds (#268)

Mirian Pateiro1, Ursula Gonzales-Barron2, Noemí Echegaray1, Laura Purriños1, Francisco A.L. Carvalho3, Daniel Franco1, Paulo E.S. Munekata1, Vasco 
Cadavez2, José Manuel Lorenzo1

1 Centro Tecnológico de la Carne de Galicia, Ourense, Spain; 2 Instituto Politécnico de Bragança (Escola Superior Agrária), Centro de Investigação de Montanha (CIMO), Bragança, Portugal; 3 University 
of São Paulo, Department of Food Engineering (College of Animal Science and Food Engineering), São Paulo, Brazil

Introduction
In Portugal, sheep and goat meat production accounts for 2.8% of the total 
meat production in the country; and it is capable of supplying approximately 
82% of the domestic demand (INE, 2015). Churra-Galega-Bragançana (CGB) 
and Bordaleira-entre-Douro-e-Minho (BEDM) are two native breeds of the 
north of Portugal, classified as endangered lamb breeds. These breeds are 
exploited for meat production, the former in the Atlantic bio-region and the 
latter in the Mediterranean area.  Production factors, such as breed, have a 
great influence on nutritional aspects related with the content and quality 
of fat and fatty acid profile (Frank et al., 2016), which are considered import-
ant quality indicators that have a great influence on consumer acceptability 
(Andersen et al., 2005), especially nowadays as consumers have become 
increasingly concerned about health and the relationship between meat 
consumption and saturated fatty acids (Leroy and De Smet, 2019). These 
autochthonous breeds constitute an important genetic heritage that must be 
preserved, so assessing their fatty acid profile will allow a correct characteri-
zation of these breeds and their products.
Methods
The study was carried out using fifteen lambs of each breed, BEDM and 
CGB, reared in a semi-intensive production system, and slaughtered at four 
months of age. The muscle longissimus thoracis was extracted from the left 
half of each carcass, between the sixth and the thirteenth rib. The fat ex-
traction for the determination of fatty acid composition was performance 
following the method proposed by Bligh and Dyer (1959). The transester-
ification, identification and quantification of fatty acid methyl esters were 
performed using gas chromatography techniques according to the chro-
matographic conditions described by Domínguez et al. (2015). Results were 
expressed as percentage of total fatty acid methyl esters (FAMES). The ef-
fect of breed on fatty acids profile was determined using a one-way ANOVA 
with the IBM SPSS Statistics 21.0 software (IBM Corporation, Somers, NY, 
USA).
Results
The fatty acids identified from meat of CGB and BEDM breeds are shown 
in Table 1. The content of specific fatty acids is important to evaluate the 
meat nutritional quality from these breeds (Polidori et al., 2011). In this study, 
significant differences (P<0.05) were observed in the fatty acid profiles be-

tween breeds. This outcome is in accordance with those found by Costa 
et al. (2015). In this way, meat from CGB showed the prevalence of MUFA 
(44%) followed by SFA (41%), while in BEDM samples the predominant fatty 
acids were SFA (42%) followed by MUFA (31%). As expected, the contents 
of PUFA in lamb meat were the lowest for both breeds, confirming previous 
results obtained by Díaz et al. (2005) for other lambs produced in Europe. 
The profile found in BEDM samples was similar to those reported by other 
authors in Fabrianese lambs slaughtered at 5 months (Polidori et al., 2017) 
and lower that those obtained by Quiñones et al. (2018) in Araucano creole 
lambs. Breed did not have any effect (P>0.05) on the total SFA content. 
However, differences (P<0.05) were found in individual fatty acids, especial-
ly noticeable in the predominant SFA (palmitic and stearic acids). Therefore, 
palmitic acid showed the highest levels in lamb meat from CGB breed (23.24 
vs. 18.36% for CGB and BEDM breeds, respectively), while lamb meat from 
BEDM breed contained the highest amounts of stearic acid (11.63 vs. 15.18% 
for CGB and BEDM breed, respectively). Regarding MUFA, significant differ-
ences (P<0.001) were observed between breeds. This result was due to the 
highest MUFA values found in CGB samples. The most notable differences 
were observed in C18:1n-9 (37.01 vs. 27.3%, for CGB and BEDM breeds, re-
spectively). Moreover, this fatty acid was the predominant one, representing 
86.4% of total MUFA. As occurred in MUFA, PUFA contents were also influ-
enced by breed (P<0.001). In this case, the meat samples from BEDM breed 
presented higher values of PUFA than those from CGB animals (27.54 vs. 
14.90%, for BEDM and CGB breeds, respectively). These differences were 
especially notable due to the higher contents of n-3 PUFA (7.05 vs. 1.87%, 
for BEDM and CGB breeds, respectively). Finally, lower ratios n-6/n-3 were 
observed in lamb meat from BEDM breed (2.76 vs. 6.71, for BEDM and CGB 
breeds, respectively), with values that are within the recommendations for 
human diet (n-6/n-3<4; FAO, 2010). The ratio P/S showed higher values in 
lamb meat from BEDM breed (0.68); however, the ratio was lower than the 
recommended values (P/S=0.85; FAO, 2010).
Conclusion
The results of fatty acid profile covered an aspect of the nutritional quality of 
the intramuscular fat of lamb meat from BEDM and CGB breeds, especially 
from a human nutrition perspective. The values obtained for BEDM breed 
lamb meat were very close to the recommended values for human 
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diet. This study was useful for the research community and final consum-
ers who are increasingly demanding healthy and high-quality food products.
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P-04-12 

Effects of meat replacement by using different plant proteins on quality of emulsion-type sausages (#303)

Monika Gibis, Linda Trabold, Kurt Herrmann, Jochen Weiss
University of Hohenheim, Food Physics and Meat Science / Food Science and Biotechnology, Stuttgart, Germany

Introduction
Plant proteins can be incorporated into meat products for multiple reasons 
such as the improvement of emulsification, water binding, nutritional value, 
and reduction of animal protein as well as reduction of raw material costs. 
Additional the consumers would like tasty products with an additional health 
benefits and higher sustainability of these meat-plant-protein-mixed prod-
ucts than pure meat products. The objective was to investigate the impact of 
replacement of meat protein on water binding capacity, texture, and sensory 
properties. Further, the applicability of locally produced wheat, sunflower, 
pumpkin, and rapeseed protein in emulsified sausages was analyzed.
Methods
In this study, each plant protein powder were analyzed for its protein con-
tent. Fig. 1 shows an overview of the materials, the manufacturing process, 
and conducted analyses. The model meat matrices were prepared by re-
placing of meat protein with the addition of 2 and 4 wt% of plant proteins 
(each calculated on its protein content) such as wheat, sunflower, pumpkin, 
and rapeseed into the meat batter, containing lean pork meat and ice in a 
ratio of 2:1. Added plant proteins were used as substitutes for 15.3 and 30.6 
wt% of the meat proteins. For the analyses, the batter was filled into sausage 
casings and heated (72°C core temperature). A panel of at least 20 assessors 
did the sensory test. All analyses were carried out in duplicate.
Results
The total protein contents of the sausages with a replacement of meat pro-
tein of 2 and 4 wt% by using plant proteins were found between 14.5 and 
16.5 g/100 g. The water binding capacities were analyzed to be higher for 
samples containing plant proteins compared to the control without added 
plant proteins. The weight losses after heating were significantly different for 
sunflower, pumpkin, and rapeseed protein (17.0-30.0% (p≥0.05) compared to 
the control (38.0 ± 0.7 wt%). Those results were in accordance with the tex-
ture analysis, samples with a high weight loss showed a higher firmness. Re-
markably, meat matrices prepared with 2 wt% rapeseed protein had a lower 
weight loss while the firmness did not differ significantly from the control 
(p≥0.05). Color measurement (ΔE<1) and sensory test revealed that regard-
ing the attribute firmness, only meat matrices prepared with 2 wt% wheat 
protein were rated similar to the control. However, regarding taste, the matri-
ces prepared with plant proteins did not significantly differ from the control 
(p>0.05). Those results indicate that 2 wt% of wheat and rapeseed proteins 
are a suitable amount to be added into a meat product as sensory properties 

were acceptable and functional benefits were enhanced.
Discussion
Previous studies reported comparable values for weight loss and increased 
processing yields by the addition of plant proteins (Alamanou et al., 1996; 
Youssef and Barbut, 2011). In this study, the firmness decreased with increas-
ing amounts of added plant protein, which can be explained by the higher 
water-binding capacity. Wheat or rapeseed proteins with an amount of 2 
wt% protein, which corresponds to a meat replacement of 15.3% can be add-
ed into a meat product, and results in acceptable sensory properties. The 
other plant proteins and the higher amount of replacement of meat proteins 
by using plant proteins did not prove to be promising for the application in 
sausages. In former studies, the addition of 2 wt% soy protein isolate or 3 
wt% lupin protein was stated to cause inacceptable texture and unpleasant 
sensory attributes in frankfurters or bologna, respectively (Alamanou et al., 
1996; Chin et al., 1999).
Conclusion
Wheat or rapeseed proteins with an amount of 2 wt% protein corresponding 
to a meat replacement of 15.3% can be added into a meat product without 
significant sensory drawbacks. The visual appearance of the samples pre-
pared with rapeseed and pumpkin differed strongly from the control due to 
the greenish color, and large bubbles incorporated into the system. Addition-
ally, the functional benefits were partly enhanced and a structuring impact of 
meat proteins on mixtures with plant proteins could be found.
Literature 
Alamanou, S., Bloukas, J., Paneras, E., Doxastakis, G., 1996. Influence of 
protein isolate from lupin seeds (Lupinus albus ssp. Graecus) on process-
ing and quality characteristics of frankfurters. Meat Science 42, 79-93. 
Chin, K., Keeton, J., Longnecker, M., Lamkey, J., 1999. Uti-
lization of soy protein isolate and konjac blends in a low-
fat bologna (model system). Meat Science 53, 45-57. 
Youssef, M., Barbut, S., 2011. Effects of two types of soy protein isolates, 
native and preheated whey protein isolates on emulsified meat batters pre-
pared at different protein levels. Meat Science 87, 54-60.
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Fig. 1.  
Overview of the materials and methods (e.g. wheat protein)



Notes

65th International 
Congress of Meat Science 
and Technology

272

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-04-13 

Correlations between microbial growth and lipid oxidation markers and polyphenol contents in minced pork 
supplemented with plant powders (#309)

Tõnu Püssa, Dea Anton, Piret Raudsepp, Kadrin Meremäe, Tanel Kaart, Mati Roasto
Estonian University of Life Sciences, Institute of Veterinary Medicine and Animal Sciences, Tartu, Estonia

Introduction
Microbial growth and oxidation of polyunsaturated fatty acids are the two 
main routes of meat deterioration during storage. Lipid oxidation occurs by 
both autoxidative (radical) and enzymatic mechanisms. Both harmful pro-
cesses are inhibitable by various phytochemicals, particularly polyphenols. 
Dynamics of microbial growth and markers of two main consecutive phases 
of linoleic acid oxidation (oxylipins and malondialdehyde) was studied in 
fresh and cooked minced pork, enriched with plant powders and also with 
NaCl, NaNO2 and polyphenols rutin and gallic acid (GA).
Methods
Meat: Minced pork with fat content 27.2%, PUFAs content 3.5%.
Plant supplements: Freeze-dried non-sterile powders of roots (Rroots) 
and petioles (Rpetioles) of  garden rhubarb, tomatoes, berries and leaves 
of black currant (BC), berries of chokeberry (CB) and edible honeysuckle 
(BHS) were mixed with minced pork either by two (1%+1%) or singly (2%) in 
two replicates. Amount of added nitrite was 150 mg/kg and of rutin and GA 
80 mg/kg of meat. Half of every mixture was cooked. Samples were stored 
at +4°C for 8 days.
Analytical sample preparation: 2 g of minced pork was extracted 
with 4 ml of methanol, extract was shaken, centrifuged, methanol layer ex-
tracted twice with hexane and passed through a C18 SPE-column.
Chromatographic analysis: LC-DAD-ion trap MS/MS at Agilent 
1100 series chromatograph with negative ionization with Zorbax 300SB-C18 
column for identification and quantitation of oxylipins and polyphenols.
Quantitation of microorganisms: Total microbial counts (log cfu/g) 
were determined by surface plating technique.
Quantitation of meat oxidation markers: Total oxylipin contents 
(TOC) were expressed in arbitrary units as areas under the extracted ion 
chromatograms of the MS2 fragment with m/z =171 (AUC171), as described 
in [1]. Malondialdehyde (MDA) was quantitated by TBARS method. Total 
phenolics contents (TPC) were expressed as areas under chromatographic 
curves at 280 nm.
 
Results
Most important results are the following.
There is a weak promotion of microbial growth by NaCl and most plant mix-
tures, except of rhubarb petioles and tomato (Fig. 1). It could be explained 

by pH raising effect of most polyphenols, expressed by positive linear cor-
relation between TPC and pH of enriched meats (r = 0.80). However, the 
fact that pH of all enriched samples is lower than of pure meat (5.66±0.12), 
vice versa refers to the possible inhibition of bacterial growth. Another ex-
planation is nutritive effect of phytochemicals, accelerating bacterial growth. 
Rhubarb petioles decrease meat pH to 4.38±0.08 that is already unsuitable 
for growing of most bacteria. Nitrites are expectedly potent inhibitors of bac-
terial growth and inhibitory effect have also single polyphenols GA and rutin.
Figure 1. Positive logarithmic correlation between TPC and total microbial 
counts at 8th day of storage of raw meat samples.
 
Figure 2. Strong negative logarithmic correlation between TPC and MDA 
at 8th day of storage of raw meat samples.
 
Plant polyphenol mixtures inhibit PUFA oxidation in the 
concentration dependent manner (Fig. 2). However, single poly-
phenols GA and particularly rutin have even remarkably higher inhibitory 
effect than expected by their content in mixture. NaNO2 with NaCl is also 
a powerful antioxidant, while NaCl alone accelerates oxidation by opening 
meat structure for free radicals. BCleaves have intrinsically high content of 
oxidation markers.
Figure 3. Strong correlation between parameters of two consecutive 
phases of linoleic acid oxidation in raw and intermediate correlation in 
cooked samples.
NaCl promotes both phases of oxidation (Fig. 3). Mixtures, containing Rroots 
and dark berries are in turn efficient inhibitors of both phases, but both sin-
gle polyphenols and nitrite (radical scavenging) and petioles (Fe2+-chelating 
by oxalic and other dicarboxylic acids) perform expectedly more efficiently 
during the 1st phase. Tomatoes as well as BCleaves and BHSberries have 
higher own content of oxylipins, expressed by their TOC values.
Somewhat weaker correlation for cooked meat is explainable by remarkable 
changes in the total antioxidant capacity of meat during cooking, caused 
by denaturation and exposure of reactive protein sites, releasing of heme 
iron, impairment of meat own pro-oxidant-antioxidant system and formation 
of new antioxidants like Maillard reaction products [2]. Surprisingly, two in-
dividual polyphenols (excluded from correlation) don’t work in the case of 
cooked meat. Very efficient are again Rroots with both BCberries and CB
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berries, NaNO2 and petioles during the 1st phase of oxidation. Tomato fruits 
and BCleaves differentiate again by their higher TOC values. 
There is no correlation between log cfu/g and TOC or 
MDA, r values are +0.17 and -0.12, respectively.
 
 Conclusion
Plant powders containing powerful antioxidant polyphenols are not neces-
sarily potent antimicrobials in minced meat. Sodium nitrite has one of the 
strongest antibacterial as well as antioxidant effects at its maximum permit-
ted level. 
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Figure 3.
Strong positive correlations between parameters of two phases of 
linoleic acid oxidation

 
Figure 2. 
Strong negative logarithmic correlation between TPC and MDA in raw 
at 8th day.

  
Figure 1.
Positive logarithmic correlation between TPC and total microbial 
counts at 8th day 



Notes

65th International 
Congress of Meat Science 
and Technology

274

Book of Abstracts | Monday, 05 August, 2019 | Postersessions and Discussion

P-04-14 

Influence of freeze-thawing on muscle fiber structure and meat quality of bovine longissimus lumborum muscle 
(#417)

Sumin Song1, Chi-Hoon Ahn1, Mingeun Song1, Gap-Don Kim1, 2

1 Seoul National University, Institute of Green-Bio Science & Technology, Pyeongchang, South Korea; 2 Seoul National University, Graduate School of International Agricultural Technology, Pyeongchang, 
South Korea

Introduction
Freezing is a commonly used method for meat preservation (Srinivasan et 
al., 1997). However, freezing induces physical and biochemical changes in 
meat and consequently is accompanied by deterioration in the meat quality, 
such as discoloration, protein and lipid oxidation, and detrimental changes 
of texture (Sebranek, 1982; Leygonie et al., 2012; Kim et al., 2013a). Recently, 
some studies demonstrated that microstructure damages, including Z-line 
fracture, I band weakening, and enlargement of gaps between muscle fibers 
could be caused due to the formation of ice crystals by freezing or repeated 
freeze-thawing (Zhang et al., 2017; Setyabrata & Kim, 2019). However, dam-
ages associated with muscle fiber types have not been studied. Therefore, 
the purpose of this study is to investigate the impact of freeze-thawing on 
damages related to different types of muscle fibers as well as on the quality 
of beef.
Methods
Twenty longissimus lumborum muscles were obtained from the left side of 
Hanwoo (Korean native cattle) carcasses at 24 h postmortem from a com-
mercial slaughterhouse. Two chops (approximately 10-cm thickness) were 
cut from the center of each muscle and randomly allocated to two groups: 
fresh, stored at 1℃ for 5 days; freeze-thawed (FT), frozen at -20℃ for 3 days 
followed by thawing at 1℃ for 2 days. Meat quality traits, such as Commis-
sion Internationale de l’Eclairage (CIE, 1978) L*a*b*, pH, cooking loss (%), 
purge or thawing loss (%), Warner-Bratzler shear force (N; WBSF), moisture 
content (%), and crude fat content (%), were analyzed according to a pre-
vious study (Kim et al., 2013b). For typing of muscle fibers, two monoclonal 
antibodies, such as SC-71 and 6H1 (DSHB, Iowa City, IA, USA), and second-
ary antibodies conjugated with fluorescence dyes (Alexa Fluor® 405 and 
488, Abcam, Cambridge, UK) were used (Fig. 1). Statistical analysis was per-
formed using the SAS 9.4 program (2016). Effects of freeze-thawing on the 
quality of beef and muscle fiber structure were tested using a paired t-test 
model and in general linear model, respectively. P < 0.05 was accepted as 
statistically significant.
Results
Many cavities were found in both the vertical and horizontal sections of FT 
muscle (Fig. 1), demonstrating that the fibers of FT muscle were essentially 
damaged. However, muscle fibers of fresh muscle were not damaged by 

freezing. It was observed that 53.42±4.10% of the muscle fibers were dam-
aged by FT (Fig. 2A). Moreover, 75.68% of IIX fibers were damaged, the high-
est among the muscle fiber types (P < 0.05). In contrast, fiber type I had 
the lowest numbers of damaged fibers (25.45%; P < 0.05). Furthermore, the 
percentage of areas of the cavities formed showed a similar trend to that 
of the damaged fibers (Fig. 2B). The cavity area of fiber type IIX was 8.90% 
and was significantly higher (P < 0.05) than those of types I (2.23%) and IIA 
(4.56%). Meat quality of the freeze-thawed beef loin was significantly differ-
ent (P < 0.05) in traits of water-holding capacity and tenderness than that of 
control (Table 1). Purge (thawing) loss (P < 0.01), and cooking loss (P < 0.05), 
and WBSF (P < 0.01) were higher in FT muscle than those in fresh muscles. 
However, the other traits of meat quality, such as pH, meat color, moisture 
and fat contents were not significantly different between FT and fresh mus-
cles (P > 0.05).
Table 1. Comparison of meat quality between fresh and 
freeze-thawed beef loin
Measurements Fresh Freeze-thawed P-value

Moisture (%) 58.85 ±0.86 61.33 ±3.07 0.2490

Fat content (%) 18.16 ±1.41 17.95 ±2.85 0.9157

pH 5.48 ±0.02 5.47 ±0.04 0.4816

Meat color CIE L* 38.70 ±1.50 36.97 ±3.26 0.4512

CIE a* 20.70 ±1.19 20.83 ±0.70 0.8722

CIE b* 11.03 ±0.95 11.11 ±0.58 0.8990

Purge loss (%) 0.50 ±0.07 1.27 ±0.20 0.0031

Cooking loss (%) 21.54 ±1.26 26.55 ±2.04 0.0224

WBSF1) (N) 59.95 ±2.76 71.38 ±2.98 0.0082

Data are means±SE.
1) Warner-Bratzler shear force.

Conclusion
Deterioration of beef loin qualities due to freezing, such as water-holding ca-
pacity and tenderness by freezing is closely related to the damage of muscle 
fiber structure. Among the muscle fiber types, IIX was the most susceptible 
to freezing, whereas type I was more stable to freezing than types IIA and IIX. 
In conclusion, muscle fiber composition is an important characteristic of beef 
that is influenced by the deterioration of its quality due to freeze-thawing.
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Fig. 2 
Damaged muscle fiber number (A) and cavity area (B) caused by 
freeze-thawing in bovine longissimus lumborum muscle.Data are 
means±SE. Different letters (a-c) on the bar indicate significant dif-
ferences between muscle fiber types (P < 0.05).

 
Fig. 1 
Representative stained sections cut vertically and horizontally from 
fresh and freeze-thawed bovine longissimus lumborum muscles, respec-
tively. Muscle fiber types: I, blue (*); IIA, green (●); IIX, bright 
blue (▲). Arrows indicate cavities formed by freezing. Bar = 100 µm.
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Effects of humic acid and blueberry leaf powder supplementation in pig feeds on physicochemical characteristics 
of longissimus thoracis (#460)

Kwon Jung Kim1, In Kyu Bae1, Yang Il Choi1, Jung Heun Ha2, Myoung Ok Jung3

1 Chungbuk National University, Department of Animal Science, Cheongju, South Korea; 2 Dankook University, Department of Food Science and Nutrition, Cheonan, South Korea; 3 Foundation of Agri. 
Tech. Commercialization & Transfer, Agricultural Product Inspection Team, Iksan, South Korea

Introduction
Both humic acid and blueberry leaf are functional materials. Humic acid has 
been studied extensively due to its positive effects on meat quality and pro-
ductivity in the past. The addition of humic acid to feed is known to pro-
mote germination by increasing nutrient intake (David et al., 1994). Blueberry 
is known to have positive effects on human health and disease prevention 
because it contains anthocyanin with antioxidant activities (Brownmiller et 
al., 2008). However, there is a lack of research on effects of blueberry leaf 
and humic acid supplements on physicochemical characteristics as pig feed 
additives. Therefore, this study was conducted to investigate the effects of 
humic acid and blueberry leaf powder supplementation in pig feeds on the 
physicochemical characteristics of longissimus thoracis.
Methods
All animal studies were approved by Institutional Animal Care and Use Com-
mittee (IACUC) of Chungbuk University. Landrace × Yorkshire × Duroc 
cross hybrid growing pigs (n = 120) were examined. Their initial body weight 
was ~60 kg. Feeding study was conducted for 7 weeks. The experimental 
design consisted of six treatments: 1) CON : basic feed 2) T1 : basic feed + 
0.1% blueberry leaf powder; 3) T2 : basic feed + 0.2% blueberry leaf powder; 
4) T3 : basic feed + 2% humic acid powder; 5) T4 : basic feed + 2% humic 
acid powder+ 0.1% blueberry leaf powder; and 6) T5 : basic feed + 2% humic 
acid powder + 0.2% blueberry leaf powder. Each treatment was assigned 
with 20 pigs. The final longissimus thoracis was vacuum packed and stored 
at 4 ℃ for 14 days and analyzed. Analytical items were moisture, protein, fat, 
ash, pH, water holding capacity, drip loss(minced), cooking loss, meat color 
(L*, a*, b*) were measured. Results were analyzed with SAS program (2012) 
using analysis of variance (ANOVA) and Duncan’s multiple test. Statistical 
significance was set at p < 0.05.
Results
Table 1 shows proximate compositons of longissimus thoracis from finishing 
pigs supplemented with humic acid (HA) and blueberry leaf powders (BLP). 
T4 treatment elevated moisture contents in porcine longissimus thoracis. Ash 
contents in porcine longissimus thoracis were higher in pigs that consumed 
2% HA mixed with BLP (T4 and T5) than those in others (p<0.05). Table 
2 shows Meat quality characteristics of longissimus thoracis from finishing 
pigs supplemented with humic acid and blueberry leaf powders. Lightness 

(L*) and redness (a*) values of T5 treatment were significantly lower than 
those of the control. b*values were significantly lower in T5 (2% HA+BLP) 
than those of the control (p<0.05). Cooking loss of longissimus thoracis in the 
group with 2% HA consumption (T3) was higher than that with 0.2% BLP 
consumption. Table 3 shows pH value of storage characteristics of longissi-
mus thoracis from finishing pigs supplemented with humic acid and blueber-
ry leaf powders. HA and BLP consumption markedly decreased pH of por-
cine longissimus thoracis during 14 d of storage. Moreover, HA consumption 
during the storage period showed lower tendency than treatment with BLP 
consumption. HA and BLP reduced pH of meat. This might be due to forma-
tion of propionic acid and lactic acid (Wanapat et al., 2011).
Conclusion
As a result, humic acid(HA) and blueberry leaf powder(BLP) supplementa-
tion in pig feeds did not show negative effect on the physicochemical char-
acteristics of longissimus thoracis, HA and BLP might be useful for the de-
velopment of functional meat processing product as excellent additives to 
improve productivity and meat quality of finishing pigs.
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Table 1 
Proximate composition of longissimus thoracis from finishing pigs 
supplemented with humic acid and blueberry leaf powders

 
Table 3 
pH value of storage characteristics of longissimus thoracis from fin-
ishing pigs supplemented with humic acid and blueberry leaf powders

 
Table 2 
Meat quality characteristics of longissimus thoracis from finishing 
pigs supplemented with humic acid and blueberry leaf powders 
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Determination of aw and pH of charqui elaborated with beef matured, defrosted and salted with common salt 
(NaCl) (#486)

Reinaldo Letelier1, Fernando Gonzalez2, Pedro Melín3, Claudia Ramirez4, Paula Gädicke5

1 Universidad de Concepción, Departamento de Patología y Medicina Preventiva, Facultad de Ciencias Veterinarias, Chillán, Chile; 2 Universidad de Concepción, Departamento de Ciencia Animal, Fac-
ultad de Ciencias Veterinarias, Chillán, Chile; 3 Universidad de Concepción, Departamento de Agroindustrias, Facultad de Ingeniería Agrícola, Chillán, Chile; 4 Universidad de Concepción, Facultad de 
Ciencias Veterinarias, Concepción, Chile; 5 Universidad de Concepción, Departamento de Patología y Medicina Preventiva, Facultad de Ciencias Veterinarias, Chillán, Chile

Introduction
From very remote times, in the prehistoric civilizations, the necessity of the 
conservation of the foods was imposed to assure the supply to the popula-
tion. In this sense, the salting and drying of the meat were two processes 
widely used for their conservation and that are still used today (Salvá, 2009, 
Mateo et al., 2010). This conservation technique was known in Asia, Africa, 
Europe and America, having been used by Mayas and Aztecs. There is also 
evidence of dried meat in Egypt from 4,000 to 5,000 years ago (Salvá, 2009; 
Alache, 2013).
In Quechua the word for charqui is ch’arki and its origin is ancestral. It is a 
product made with meat cut into strips or pieces of little thickness, usually 
without fat (lean), salted dry or in brine and dried in the sun (Salvá, 2009, 
Mateo et al., 2010, Navarro et al., 2011 Alache, 2013; Abrantes et al., 2014).
Charqui is a nutritious product, rich in proteins, low in fat and stable at room 
temperature (Mamani-Linares and Cayo, 2014, Nguyen and Nguyen, 2014, 
Liu et al., 2016).
In Chile, there is no specific regulation for a product such as charqui (Alache, 
2013) and the domestic market for this product has a mostly informal of-
fer, of an artisanal nature and of low sanitary and quality standards, with a 
low-scale production , which has a loyal demand in the niche of low quality 
consumers, leaving out a large sector of the population that does not con-
sume charqui, because it is associated with an unhealthy product with low 
palatability (Navarro et al., 2011).
The objective was to elaborate and characterize charqui with matured, de-
frosted and salted beef with common salt, to determine the color and pH.
Methods
The test was carried out in the Biomaterials Physical Properties Laboratory 
of the Faculty of Agricultural Engineering, University of Concepción, Cam-
pus Chillán.
For this study we worked with three cuts of the posterior quarter: striploin, 
corresponding to the longissimus lumborum muscle (from the 10th rib to the 
lumbar vertebrae); eye of round, located on the back of the thigh, which cor-
responds to the semitendinosus muscle; and sirloin tip, corresponding to the 
quadriceps femoris muscle.
At the end of the charqui process, color and pH were evaluated in each cut.
Evaluation of the color was done with the slices of charqui analyzed in a 

spectrophotometer color reflecting Hunter Lab® model Color QUEST. B il-
luminant was used at an angle of 45 ° on a 2.54 cm diameter viewfinder, 
which measures the color coordinates of the CIELab space, where, L * indi-
cates brightness and ranges from 0 (black) to 100 (white), a * measures the 
intensity of red, from + a (red) to -a (green), and finally, b * measures the 
intensity of yellow, from + b (yellow) to -b (blue). The parameters L * a * b * 
and the reflectance spectrum are obtained from 400 to 700 nm in steps of 
10 nm. Three measurements were made per day of maturation and for each 
commercial cut of fresh beef.
Evaluation of the pH was measured with a pH meter electrode type punch, 
brand HANNA INSTRUMENTS®, model HI 99163, which was previously cal-
ibrated with buffer. Three repetitions were made per day of maturation and 
for each commercial cut of fresh beef.
Statistical analysis, an experimental design of repeated samples was used 
considering time as a treatment factor for all commercial cuts of beef. The 
assumptions of normality and homogeneity were previously analyzed using 
the Shapiro Wilk and Bartlett’s test respectively, where the data show a nor-
mal distribution. The analysis was carried out through descriptive statistics, 
analysis of variance and Kruskal-Wallis test, with the statistical program In-
foStat Version 2019e.
Results
Table 1 pH of charqui with common salt with different days of maturation, 
made with the cuts striploin, eye of round, sirloin tip.
Treatment Maturation days Striploin Eye of round Sirloin tip

1 1 5.53abcd 5.49abcd 5.46a

2 5 5.40ab 5.58bcd 5.58abc

3 10 5.54bcd 5.45abc 5.55abcd

4 15 5.52bcd 5.50abcd 5.94cd

5 20 5.54bcd 5.61cd 5.57abcd

6 25 5.59cd 5.42a 5.57abcd

7 30 5.58cd 5.44abc 5.56abcd

8 45 5.53abc 5.43ab 5.69bcd

9 60 5.42ab 5.44ab 5.49ab

10 75 5.43ab 5.35a 5.34ab

11 90 5.20a 5.43a 5.51ab
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* Different letters are valid for the same column, medians with a common 
letter are not statistically different (p> 0.05) in the Kruskal Wallis test.
Table 2 aw of charqui with common salt with different days of maturation, 
made with the cuts striploin, eye of round, sirloin tip.
Treatment Maturation days Striploin Eye of round Sirloin tip

1 1 0.69cd 0.65abcd 0.71bcd

2 5 0.55a 0.67abcd 0.70abcd

3 10 0.70d 0.51ab 0.65ab

4 15 0.65abc 0.64abcd 0.72cd

5 20 0.67abcd 0.70d 0.68abc

6 25 0.66abc 0.58abc 0.71bcd

7 30 0.68bcd 0.72d 0.69abcd

8 45 0.67abcd 0.68bcd 0.72cd

9 60 0.67abcd 0.68bcd 0.65ab

10 75 0.68bcd 0.63abc 0.74d

11 90 0.63ab 0.68cd 0.67abc

*Different letters are valid for the same column, medians with a common let-
ter are not statistically different (p> 0.05) in the Kruskal Wallis test.
Conclusion
The elaboration of charqui in controlled conditions of time and temperature, 
allow to optimize the resources. It should be noted the importance of pH and 
aw in the preservation of meat products.  Sirloin tip obtained aw smaller than 

0.51 and at pH striploin it was the lowest value 5.2.
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Evaluation of various methods to determine destruction of muscle cells (#513)

Franziska Witte1, Eike Joeres1, Volker Heinz1, Jochen Weiss2, Nino Terjung1, This IGF project of the FEI is supported via AiF within the programme for 
promoting the Industrial Collective Research (IGF) of the German Ministry of Economics and Energy (BMWi), bases on a resolution of the German Par-
liament.
1 German Institute of Food Technologies, Quakenbrück, Germany; 2 University of Hohenheim, Institute of Food Science and Biotechnology, Stuttgart, Germany

Introduction
Minced meat and minced meat products such as hamburger need to fulfill 
rigorous requirements not only regarding their quality attributes such as ap-
pearance, texture, taste and microbiological stability, but in Germany also 
in terms of regulatory requirements (“Leitsätze”) concerning “meat-batter-
like”-structure. Histology is utilised to detect the content of these stipulated 
structures, which occur due to pressure, resting time and a combination of 
unit operations of industrial minced meat production (comminution, mixing, 
forming). Currently, there is a lack of knowledge about the relationship be-
tween material and (critical) process characteristics and their responsibility 
for generating these structures. To provide a more applicable method, sever-
al techniques to analyse minced meat structures were examined.
Methods
Fat content of minced pork shoulder was adjusted with bacon to 20 w/w %. 
Modification in process conditions – to achieve different “meat-batter-like“-
structures, meaning destructions – was set to 1) cutting meat with a knife in 
pieces like Tatar (Tatar-like), 2) mincing to 3 mm and 3) mincing to 3 mm and 
mixing for 60 sec.
Cooking loss was determined by calculating difference in weight before 
heat-treatment and after treatment at 100 °C (30 min, in a bag) and separat-
ing solid and liquid phase. Water holding capacity (WHC) was mea-
sured from the raw sample between filter paper at 20 °C, on which a 5,000 g 
stamp was loaded for 5 min. Then moisture loss was determined by calculat-
ing the difference in weight. Water content was analysed based on §64 
LFGB L06.00-3 and pH-value based on §64 LFGB L06.00-2. For determi-
nation of soluble protein content, minced meat (27 %) was stirred for 
two minutes in a 0.7 mol/L NaCl-solution, left for four hours at 4 °C and then 
centrifuged at 20,000 rcf at 4 °C for 10 min. Stock solution and supernatant 
were analysed for protein content via Dumas, whereon soluble protein con-
tent was calculated. Colour of samples was measured via L*a*b* measure-
ment with CM-600d from Konica Minolta Sensing Inc. (Marunouchi, Japan). 
For confocal laser scanning microscopy (CLSM), samples were 
stained with FITC (protein) and Nile red (fat), left for 1 hour and then mea-
sured at 473 nm (FITC emission, argon laser) and 543 nm (Nile red emission, 
helium-neon laser). Histological analysis was conducted based on §64 
LFGB L06.00-13 with a calculation of threshold at confidence intervals of 98 

%.
Results
Modifications in process conditions had no influence on cooking loss, which 
can be explained by identical pH-value for all modifications (pH=5.6). Water 
content was 64.5 %. Process conditions had influence on moisture loss as 
well as soluble protein content, especially by comparing Tatar-like cut meat 
with minced and minced + mixed meat (Fig. 1). Colour measurement showed 
no differences [data not shown]. Comparing CLSM-images, differences be-
tween process conditions are obvious due to a varying protein and fat distri-
bution (Fig. 2). After mincing and especially after mixing, fat is overhead the 
protein or rather the muscle fibres.
Considering histological examination (Fig. 3), already displayed differences 
from analyses of moisture loss/WHC, soluble protein content and CLSM, are 
also present. The use of further methods to analyse the amount of “meat-
batter-like”-structure and so meats’ destruction is possible; additional ex-
periments are ongoing.
Conclusion
Since it is possible to analyse meats’ destruction besides histology with fur-
ther methods such as WHC, CLSM and soluble protein, industrial more ap-
plicable methods are available to analyse the “meat-batter-like”-structure.
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Confocal laser scanning microsopy images 
Figure 2: CLSM images of Tatar-like (left), minced (mid-
dle) and minced + mixed (right) process conditions.

 

Moisture and cooking loss (%) as well as soluble protein content (%) 
Figure 1: Moisture and cooking loss as well as soluble protein (%) 
(n=3) from Tatar-like, minced and minced + mixed process conditions.

 
Amount of destroyed muscle cells (%) of different process conditions 
Figure 3: Statistical evaluation of amount of destroyed muscle cells 
(%) of different process conditions with thresholds at confidence in-
tervals of 98 %.
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Physico-chemical stability of bovine blood sausages (#517)

Ennet Moholisa1, Phillip Strydom1, Kealeboga Mosimanyana1, Magdeline Magoro1, Arno Hugo2

1 Agricultural Research Council, Animal Production, Pretoria, South Africa; 2 University of Free-State, Department of Microbial, Biochemical and Food Biotechnology, Bloemfontein, South Africa

Introduction
Blood sausages are ready to eat traditional meat products consumed in 
many parts of the world. They differ as a result of type, region, and man-
ufacturer. The basic ingredients of blood sausages are blood and fat. Oth-
er ingredients may include vegetables or cereals. The blood content varies 
from 5-60 % or more blood can be used (Marianski   & Marianski, 2010). 
Regardless of their composition, blood sausages are susceptible to spoilage 
and have a relatively short shelf-life due to high-water activity and pH. Water 
activity, pH and several other factors have a major impact on physico-chem-
ical stability of food. Increasing consumer demand for ethnic specialties has 
renewed interest in blood sausages, leading to a consequent need to assure 
safety and longer shelf-lives, therefore the objective of this study was to 
investigate the physico-chemical properties of 0 % (no blood), 5, 15 and 30 
% blood sausages.
Methods
A total of 20.3 kg of cooked bovine blood sausages were produced in six 
replicates using bovine blood, beef trimmings, heart and kidney, and pig skin. 
Formulations were manufactured to contain 0 %, 5 %, 15 % and 30 % blood. 
In order to maintain the same batch size across all the treatments in the 
formulation, blood was adjusted with iced water. The mixture was filled in 
the hog casings (23 mm in diameter). The sausages were fan grilled at 120 
°C until the temperature of the geometric centre reached 80 °C, this was fol-
lowed by cooling at room temperature and storage at 4 °C until sampling the 
following day. Water activity and pH were measured the day after process-
ing. Sausages for thiobarbituric acid reactive substances (TBARS) analysis 
were stored in a retail fridge-type (-10°C) and evaluated at day 1, 25 and 50 
according to the method described by Raharjo, Sofos, and Schmidt (1992). 
The remaining samples were vacuum packed and stored at -20°C until an-
alysed for Sodium Chloride (NaCl), sodium (Na), and iron (Fe) content. The 
NaCl and ash content were determined according to the methods described 
by AOAC (1994), Na and Fe content were determined according to Zasoski 
& Burau (1977). 
Results
Results of the physico-chemical parameters are presented in Table 1. The aw 
of all the sausages were within the range of the aw of blood sausages (0.93 
to 0.97) (Lewicki et al., 2014), and showed no significant differences amongst 
treatment groups. The pH linearly increased with blood content of the sau-
sages, and the pH of the sausages containing no blood was significantly low-

er than the pH of 15 and 30 % blood sausages. The moisture content of the 
sausages decreased with the increase in blood content with the 30% blood 
sausages having significantly lower moisture content than the 0 and 5 % 
blood sausages. Ash content increased with increase in blood content, and 
30 % blood sausages had significantly higher ash content than all other sau-
sages. Although not statistically significant an increase in NaCl content was 
observed with the increased blood inclusion level. The decreased moisture, 
increased ash and NaCl contents with increased blood inclusion level could 
be attributed to the ingredients in the formulation. High cereal (rusk and bar-
ley) content used in the formulation with increased blood content reduced 
the moisture content of the sausages. Rusk act as a water binding agent in 
processed meat products (Marianski &Marianski, 2010). Iron content linearly 
increased with the increase in blood content. The sausages containing 15 
and 30% blood had higher (p < 0.001) iron content compared to 0 and 5% 
blood sausages (Table 1). There were no significant differences that could be 
observed in sodium content of the sausages. The increasing Fe content with 
the blood inclusion level was also reflected in the increase in TBARS values 
with higher blood levels over time (Fig 1). Haematic complexes are cata-
lysts of lipid oxidation in meat and meat products (Min & Ahn,2005). Sodium 
chloride or sodium are known pro-oxidants (Mariutti, & Bragagnolo, 2017). 
Therefore, higher lipid oxidation was expected. In addition, higher TBARS 
values could be attributed to aerobic packaging. Although not statistically 
significant, TBARS values increased with the increase in blood content of 
the sausages, however, the sausages were still within spoilage limit up to 
day 25 except for 30 % blood sausages. At day 50 all the treatments contain-
ing blood exceeded the spoilage limit. The TBARS values of the sausages 
containing no blood did not exceed spoilage limit until the end of the storage 
period. The threshold of 1 mg malonaldehyde/kg of sample is considered to 
be a spoilage limit (Gray et al., 1987).
Conclusion
The chemical composition of the sausages were affected by the blood in-
clusion level. Oxidative stability of sausages manufactured with 30 % blood 
exceeded the oxidative spoilage limit after 25 days of storage and all blood 
containing sausages exceeded the oxidative spoilage limit after 50 days of 
storage.
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Figure 1 
The effect of blood inclusion lev-
el on the TBARS values of blood sausages.

 
Table 
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Improving safety in a traditional Portuguese dry-cured sausage using autochthonous starter cultures (#527)

Miguel Elias1, 2, Ana Cristina Agulheiro-Santos1, 2, Maria Eduarda Potes1, 3, Marta Laranjo1

1 Universidade de Évora, ICAAM, Évora, Portugal; 2 Universidade de Évora, Departamento de Fitotecnia, Évora, Portugal; 3 Universidade de Évora, Departamento de Medicina Veterinária, Évora, Portugal

Introduction
The manufacture of dry-cured sausages represents an important part of 
the European meat industry in Mediterranean countries, such as Portugal, 
Spain, France, Italy and Greece. These type of meat products are considered 
of high sensory quality and are highly appreciated by consumers.
The main aim of this work was to characterise the effect of starter cultures 
in the food safety of traditional Portuguese dry-cured sausages. The specific 
objective of the hereby presented study was to evaluate the effectiveness 
of autochthonous starter cultures in solving an unidentified technological 
problem that occurred in the processing.
Methods
Sausages were made in a Portuguese traditional factory, using meat and 
fat from Alentejano pig breed and cured during 18 days in the presence of 
smoke from Quercus rotundifolia wood.
Four treatments (control, inoculation with Staphylococcus xylosus, inocula-
tion with Lactobacillus sakei, and co-inoculation of S. xylosus and L. sakei) 
and five replicates per treatment were considered.
Sausage casings were removed for all determinations. pH was determined 
in accordance with the ISO 2917 (1999) using a pH-meter (Crison 507, Bar-
celona, Spain). Water activity (aW) measurements were carried out using 
a hygrometer (Hygroskop Rotronic DT, Zurich, Switzerland) with a WA-40 
probe at 25 ºC.
For microbial counts, 10 g of each sample were homogenized for 90 s in a 
Stomacher Masticator (IUL Instruments, Spain) with 90 mL peptone water 
(Scharlau, Spain) and serial tenfold dilutions were made and pour-plated. All 
microbial counts were performed according to the corresponding interna-
tional standard (ISO) methods or other well established methods: total me-
sophilic bacteria ISO 4833-1 (2013), psychrotrophic bacteria ISO 17410 (2001), 
enterobacteria ISO 21528-2 (2017b), and streptococci in Kanamycin Aesculin 
Azide Agar. The number of coliforms and E. coli was estimated by the Most 
Probable Number (MPN) method in Brilliant Green Bile Lactose Broth.
The presence of Salmonella spp. was detected through the automated 
enzyme-linked fluorescent assay-based system (VIDAS) developed by 
BioMérieux (France).
For all microbial counts, the results were expressed as log cfu g-1 means ± 
standard deviation.
All data are presented as means ± standard deviation. Statistical analysis 
was performed using Statistica 12.0. from Statsoft (StatSoft Inc, Palo Alto, 

CA, USA, 1984–2007). Significant differences (P < 0.05) were identified 
based on Tukey Honest Significant Difference (HSD) test.
 
Results
The effect of starters was notorious in decreasing pH values, particularly in 
the treatments with L. sakei.
The sausages inoculated with a mixed culture of S. xylosus and L. sakei 
showed lower aW values (0.803) and significantly different from those of the 
control treatment (0.873).
Mesophiles and psychrotrophic bacteria counts were higher in the control 
treatment when compared to all other treatments.
The control treatment showed significantly higher numbers of enterobacte-
ria, while significantly lower counts were recorded in the mixed inoculation 
treatment.
Streptococci, coliforms and E. coli counts were significantly higher in the 
control treatment. On the other hand, these bacterial groups were always 
present in lower numbers in the mixed co-inoculation treatment.
The presence of Salmonella spp. was not detected in any of the sampled 
sausages.
 
Table 1. One-Way ANOVA results for the parameters under study, regard-
ing inoculation treatment.
PA R A M E -
TER

TREATMENT F p

S. xylosus x 
L. sakei

L. sakei S. xylosus control

pH 5.62 ab ± 
0.02

5.55 b ± 
0.02

5.68 a ± 
0.04

6.11 c ± 0.06 3.8654 0.0170*

aW 0.803 a ± 
0.032

0.839 ab ± 
0.039

0.854 b ± 
0.029

0.873 b ± 
0.019

0.2472 0.8628

mesophiles 7.21 ab ± 
0.23

6.44 a ± 
0.33

7.50 ab ± 
0.13

7.91 b ± 0.10 5.6717 0.0021**

p s y c h r o -
trophic bac-
teria

3.95 a ± 0.51 4.87 a ± 
0.43

4.99 a ± 0.74 6.89 b ± 
0.36

32.8000 0.0000***

enterobac-
teria

1.65 a ± 1.11 3.75 b ± 
0.67

2.32 a ± 1.56 5.71 c ± 0.26 33.9718 0.0000***

streptococci 3.09 a ± 
0.53

3.93 b ± 
0.72

3.78 ab ± 
0.78

4.76 c ± 
0.58

10.6336 0.0000***

coliforms 1.75 a ± 0.96 2.50 a ± 1.00 2.00 a ± 
0.82

4.50 b ± 1.00 10.7664 0.0000***

E. coli 1.00 a ± 0.00 1.75 a ± 0.50 1.50 a ± 0.58 3.75 b ± 
0.96

18.3798 0.0000***
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In the same row different lower case represent significantly different means.
Conclusion
The tested starter cultures, particularly the mixed starter culture of S. xylosus 
and L. sakei was able to significantly reduce the microbiota, including poten-
tial pathogenic microorganisms, of traditional Portuguese dry-cured sausag-
es even under adverse processing conditions and in the presence of smoke.
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Reduction of skatole and indole in fat, liver and lean meat by a feeding approach with charcoal (#528)
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gramme for promoting the Industrial Collective Research (IGF) of the German Ministry of Economics and Energy (BMWi), bases on a resolution of the 
German Parliament.
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Introduction
In the intestine of swine L-tryptophane is metabolised by anaerobic fermen-
tation to skatole (3-methylindole) and indole. The substances are to some 
extent readsorb through the intestinal mucosa. A reduction of these for boar-
taint liable substances via variations in the feed is possible [1]. If substances, 
which were metabolised in liver are readsorbed, they concentrate in liver, 
kidney and fat [2]. A clear correlation between the concentration of skatole 
and indole in the intestine and the concentration of these substances in the 
fat tissue of pigs was demonstrated [3]. With the increase of sexual hor-
mones, especially androstenone, activity of enzymes which are important 
for skatole metabolism in liver are inhibited. Therefore, skatole breakdown is 
reduced [4] and boar taint increases.
Charcoal is known for its particularly good adsorption capacity and its use 
as feed is permitted in the EU feed ordinance (EG Nr. 68/2013). Therefore, 
the use of charcoal as a feed additive for the adsorption of skatole and indole 
is obvious for the reduction or avoidance of boar taint. In this approach, a 
charcoal was fed to boars to adsorb these substances in faeces and it fo-
cuses on the comparison of skatole and indole content in liver, fat and meat 
of control and charcoal feed group.
Methods
Fed charcoal consists of oak, beech, spruce and larch, was pyrolysed in a 
klint and was characterised in terms of surface energy (dispers = 10.3, polar 
= 16.5) and specific surface area (app. 500 m²/g) before feeding approach. 
Furthermore, adsorption capacity of charcoal was investigated in vitro with 
faeces as well as in water (Fig. 1). Based on these results, 5 out of 10 hy-
brid-boar-piglets (mother: German Landrace x German Edelschwein, father: 
Pietrain) were fed with 2 w/w % charcoal in addition to the normal feed for 
the last four weeks of living. The rest was fed with control feed. After 15 
weeks of living, boars were slaughtered and lean meat from the loin, fat from 
the back and liver were analysed according to established protocol: skatole 
and indole were extracted from 10 g meat or 4 g fat or 4 g liver by acetoni-
trile, MilliQ, a NaCl- + NaSO4-mixture and clean-up consisted of freezing the 
extract at -80 °C for 10 min. An aliquot of the acetonitrile extract was evap-
orated under a steam of nitrogen at 40 °C to a residual volume of 0.3 – 0.5 
ml and taken up in acetonitrile. Solution was membrane filtered, transferred 
in a vial and analyzed by UPLC-MS/MS (ACQUITY-UPLC-System, Waters; 

API4000, AB Sciex). Quantification is done via an external calibration.
For statistical analysis, One Way ANOVA was conducted followed by a 
Tukey test (p<0.05).
Results
Tab. 1 shows mean indole and skatole contents (µg/kg) of lean meat, fat and 
liver for individual animals and both groups. One significant difference was 
exposed between control and charcoal group, namely indole content in fat. 
Significant differences between animals in one group are caused by high 
contents of some individuum (reasons for that are currently unknown). For 
both groups, skatole is more present than indole in meat and vice versa in 
liver. Interestingly, in charcoal group in lean meat and fat the double amount 
of skatole in comparison to indole is present, whereas almost double amount 
of indole in comparison to skatole is present in control group in liver and fat.
Due to the young age of pigs at slaughter, these substances are more pres-
ent in fat and liver than in lean meat since their concentration in fat and liver 
is faster [2, 3]. By considering these findings and taking previous results 
from in vitro charcoal characterization (Fig. 1) into account, charcoals’ good 
adsorption capacity is obvious and probably caused by the surface energy 
and specific surface area. Nevertheless, further analyses, e. g. of in vivo tak-
en blood and faeces samples, are needed to investigate charcoals‘ influence 
in living organism but also on meat quality. To validate the adsorption capac-
ity, further samples of already examined animals are currently analysed and 
for additional validation, samples were sent to another institute and will be 
compared.
Conclusion
Charcoal, as a sustainable raw material and side stream, has a positive im-
pact on meat quality of boars in terms of the reduction of indole content in 
fat.
References
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Indole and skatole content of control and charcoal group in lean meat, 
fat and liver 
Table 1: Results of indole and skatole content (µg/kg) in lean meat, 
fat and liver of 10 animals, which were either in control or charcoal 
group. One Way ANOVA was carried out between mean values of animals from 
control and charcoal group of one matrix and either indole or skatole. 
Significant differences were determined with a Tukey test (p<0.05) and are 
shown with letters. N/A means no results are existing for this sample.

 

Adsorption (%) of skatole and indole in faeces and water
Figure 1: Adsorption (%) of skatole and indole in faeces and water by 
addition of 0.5, 1, 2, 3, 4 and 5 % of charcoal.
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Comparison of colour and texture between entire and deboned dry-cured leg of lamb (#551)
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Introduction
Dry-cured leg of lamb (fenalår), entire and deboned, are commonly produced 
in Norway. Traditional elaboration process consisted on cutting the leg with 
the aitch bone kept on, salted, dried and sometimes smoked. Fast deboned 
fenalår is produced from deboned legs which are salted once netted and 
dried, sometimes smoked, and pressed. In spite of the long tradition, this 
product is not well characterized.
The aim of our study was to compare both elaboration processes and the 
colour and textural characteristics of Traditional bone-in and Fast deboned 
fenalårs. Effect of salt reduction and non-nitrite salt addition on texture and 
colour in deboned hams was also studied. Pros and cons of both elaboration 
processes will also be discussed.
Methods
Elaboration procedures: Table 1 gives an overview over the details in 
the production process where it differs in the general process described in 
the introduction.
Instrumental texture and colour analysis: Traditional bone-in 
fenalår with standard (SS, n=3) and reduced (SR, n=3) salt contents were 
used. Fast deboned fenalår with standard (SS; n=10), reduced (SR; n=10) 
and Non-Nitrite Reduced (NNSR; n=10) salt contents were evaluated. Co-
lour was instrumentally evaluated by using the CIE Lab space. Texture was 
evaluated by using the Stress relaxation test in which initial force F0 (kg) and 
force decay at 2 s (Y2) and 90 s (Y90) were calculated.
Table 1: Elaboration procedures for the Traditional bone-in and the Fast 
deboned fenalårs.
  Traditional bone-in fenalår Fast deboned fenalår

Time of process 45–60 days 89–130 days

Cutting Bone in Deboned (without Semimem-
branosus muscle)

Salting 3–4 days covered in salt at 4 ºC
SS:  8% salt + 144ppm NO2-
SR: 6% salt + 144 ppm NO2-

In vacuum bags
SS: 4.8% salt + 144ppm NO2-
SR: 3.9% salt + 144 ppm NO2-
NNSR: 3.9% salt

Salt used Fine salt, nitrite salt, or coarse 
marine salt

Nitrite – salt and fine salt

Post salting 14–21 days at 4 ºC 28 days at 4 ºC

Drying and maturation 30–40 days, 14 ºC 35–45 days at 13 ºC

Final weight loss 35–38% 38–42 %

NaCl in finished product 6–8 % 6–9 %

aw in finished product Below 0.90 Below 0.91

Binding problems No Yes

 
Results
Colour
Elaboration procedures (Traditional bone-in and Fast deboned) and salting 
treatments (SS and SR) produced a significant effect in a* and b* values, 
showing an increase of both parameters in salt reduced fenalårs more pro-
nounced in Traditional bone-in. Higher redness values were observed in Fast 
deboned fenalårs probably due to the shorter curing process. L* value was 
only affected by the elaboration procedure, showing a decrease of lightness 
in Fast deboned fenalår (Table 2). In Fast deboned fenalår, a significant de-
crease of redness was observed when no nitrite was used (NNSR) (p<0.05).
Table 2: Effect of the elaboration procedures and salting treatment to-
gether with their interaction on the instrumental colour of the fenalår.
LSMeans Salting treatment Traditional bone-in 

fenalår
Fast deboned fenalår

L* SS 36.29a,x 33.99b,y

  SR 36.14b,x 33.67b,x

a* SS 7.41a,y 12.18a,x

  SR 11.11b,x 12.65b,x

b* SS 2.75a,y 4.64a,x

  SR 4.73b,x 5.02b,x

abWithin the same column, different letters means significant differences on 
the salting treatment (p<0.05). xyWithin the same raw, different letters means 
significant differences due to the elaboration process (p<0.05).
Texture
A significant interaction between elaboration procedures and salting treat-
ments was also found. F0 decreases and Y90 increases when decreasing 
salt content in a higher extent when fenalår is produced according to Fast 
deboned procedure (Table 3). Thus, softer textures are found in deboned salt 
reduced fenalårs.
Table 3: Effect of the instrumental texture on fenalår produced by using 
different elaboration procedures and salting treatments.
LSMeans Salting treatment Traditional bone-in 

fenalår
Fast deboned fenalår

F0 (Kg) SS 5.242a,x 1.604b,y

  SR 2.138b,x 1.215b,x
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Y2 SS 0.368a,y 0.404a,x

  SR 0.447b,x 0.428b,x

Y90 SS 0.668a,y 0.713a,x

  SR 0.746b,x 0.738b,x

abWithin the same column, different letters means significant differences on 
the salting treatment (p<0.05). xyWithin the same raw, different letters means 
significant differences due to the elaboration process (p<0.05).
Entire fenalår are safer and easier to produce, but usually sold in one piece, 
which can be too expensive for many consumers and difficult to slice. Fast 
deboned fenalår is more challenging to produce, but it is well appreciated by 
the consumers for its convenience. The most common production problem 
is the low stickiness between the muscles, which may result in cracks and 
hollow areas inside the fenalår (Figure 1). Problems like growth of mould 
and brown discoloration inside the fenalår may appear. Improvements in the 
elaboration process to help the binding between muscles are still needed.
Conclusion
Fast deboned fenalår are challenging to produce, since soft textures, im-
portant changes on colour and problems in the elaboration procedures can 
occur, especially in salt reduced processes.
Acknowledgements
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Figure 1:
Most common problems during the elaboration process of the fast 

deboned fenalår.
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Introduction
Texture is an attribute that determines meat quality evaluation by consum-
ers. The meat tenderness was affected by complex interactions of multiple 
ante-mortem and post-mortem factors such as animal genetics, feeding, 
handling, slaughter process. Genetics determines an animal’s potential for 
producing tender meat, and its interaction with ante- and postmortem envi-
ronment and also management will determine the ultimate tenderness of the 
meat from each animal.
Cachena’s animals are small and the meat is known by its excellent char-
acteristics of texture and flavour. This cattle breed is part of the Portuguese 
genetic heritage, very interesting for the south Alentejo, a poor agricultural 
region of Portugal, due to the high rusticity of these animals. The determi-
nation of the factors that affect meat tenderness of Cachena is of extreme 
importance for the producers, and for consumers.
One of the instrumental tests for evaluating the most important meat texture 
parameters is the Texture Profile Analysis (TPA) that allowsto understand 
the relation of physical/rheological properties with a dynamic perception of 
texture by consumers. The TPA mimics the mastication process and is com-
monly used in meat evaluation.
The main goal of GOCACHENA project is understanding the relation among 
genetics, feeding, age and weight of animals, with the quality, mainly tender-
ness, of this exquisite meat. This research work is part of the refereed proj-
ect and obtained on preliminary results useful for the persecution of the main 
goals. The goal of this trial is to understand what TPA parameters better 
describe textural characteristics of Cachena meat from Long dorsalmuscle, 
and to look for differences between two different usual meat presentation: 
sliced and entire muscle.
Methods
The meat was obtained from animals of Cachena breed, all of them were 
males, with slaughter weight from 165 to 225 kg, and age between 6 and 
13 months. The modalities of this trial are different due to the preparation of 
the meat of Long dorsal: sliced (aging 2, 5, 8 days) and entire pieces (aging 
2, 8, 10 days). From each animal two parts of the Long dorsal muscles were 
separated and packed in bags each one with two samples and the measures 
were done in triplicate in each slice of each sample.
The texture was analyzed trough Texture Profile Analysis (TPA) using a Tex-

ture Analyzer TA.HD.Plus (©Stable MycroSystem).
The samples were prepared according to Fabre et al (2018) and Veiseth- 
Kent et (2018).
The statistical evaluation of the data was based on an Analysis of Variance, 
considering p<0.05 and a Tukey’s HSD testto find significantly different 
mean values(p ˂ 0.05).
Results
The results shown that there aren’t significant differences for Tenderness, 
Springines and Chewiness  for sliced meat, however a slight decrease was 
noticeable (Table 1). Considering the entire pieces, (Table 2) the only signif-
icant difference was found in Springiness values. The values of Tenderness 
unexpectedly increased slightly.
There was a great heterogeneity of Tenderness, Springiness and Chewiness 
values between entire pieces and slices, which varies according to the ani-
mal (data not shown). it should be noted that the preliminary results obtained 
do not show that the differences may be related to weight or age of animals.
The dramatic heterogeneity in the meat of animals may be caused by genetic 
factors. This statement confirms the necessity of deep studies of this breed.
Conclusion
Springiness, considering the other parameters obtained through TPA, is the 
one that exhibited better sensitivity to texture differences. Other methods, 
such as Shear test should be tried.
The differences found in meat textural characteristics should be deeply 
studied considering genetic factors, which confirms the necessity of studies 
like that of the GO-CACHENA project.
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Table 1 and 2 Values of mean and standard deviation for sliced and 
entire pieces
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Performance, carcass and beef quality and profitability of finishing bullocks suplemmented with thiamine 
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Introduction
The continuous population growth and urbanization impose a larger demand 
for food, although, at the same time, the area dedicated to production be-
come more and more scarce and with less resources (water, soil fertility, 
pollution, climate warming, etc.). For this reason it is important to increase 
the efficiency of production, in the case of beef cattle, more of the finishing 
process in Mexico is done under feedlot conditions, and there are many 
growth promoters in the market that can be used to increase the rate of 
growth, however, producers want to know how these products affects an-
imal performance, carcass and beef quality, and the profitability from their 
use. The aim of this study was to evaluate the use of growth promoters in 
the finishing process of bullocks in animal performance, carcass and beef 
quality, and profitability.
Methods
The experiment was conducted in a sub-humid tropical region (AW, aver-
age temperature of 24oC, and 1,000 mm of annual rainfall). There were used 
60 crossbred (Bos taurus x Bos indicus) bullocks with initial liveweight of 
338±32 kg, which were identified, weighed, dewormed (ivermectin), vac-
cinated (against Clostridium and Pasterurella), vitamined (A,D and E), and 
implanted (Zeranol). Forty nine days later a prophylactic management was 
done (vitamined, vaccinated, and a intramuscular injection of boldenone plus 
zeranol. Three diets were offered according the phase of the finishing period 
(adaptation, pre-finalization and finalization) which lasted 139 days. The first 
two days only alfalfa hay was fed, the adaptation diet was offered for 11 days, 
the pre-finalization (plus thiamine diphosphate) for 77 days and the finaliza-
tion (thiamine diphosphate plus for β-agonist) for the last 49 days. The diets 
were offered ad libitum twice a day (06:30 and 14:30) in a 40 and 60% pro-
portion, the amount offered was adjusted according to the feedbunk reading. 
Additives used were thiamine diphosphate (25%, Glukogen® Plus Intensive, 
Nutritech Lab, Mexico - 1 kg·ton-1 of feed during 126 days). Ractopamine 
hydrochloride (10%, Racmina premix 10®, Pisa, Lab, Mexico - 400g·ton-1 of 
feed during 49 días. Zilpaterol hydrochloride G (4.8%, Grofactor®, Virbac Lab, 
France) and Zilpaterol hydrochloride Z (4.8%, Zipamix® Pisa, Lab, Mexico), 
both in a proportion of 125 g·ton-1 of feed during 46 days, with a three days 
withdrawal period. Cattle was randomly allotted in five pens (12 x 9.2 m) with 
a concrete floor, partial shade, feedbunk (12 m), and two water troughs per 
pen. Cattle was weighed at days 1, 49, 90 and 139.  Feed intake was calcu-
lated (feed offered – feed oarts) daily, although it was per pen, it was not 

statistically analyzed. The statistical analysis for the productive performance 
(average daily gain, feed conversion, feed efficiency) and for the carcass (hot 
and cold carcass yield) and beef (color, REA, WHC, nutritional composition) 
characteristics a one way classification convariance analysis using the GLM 
of SAS, and mean comparison using the Tukey Test with an α = 0.05.
Results
Initial bullock´s liveweight among pens was similar (P>0.05, average of 
337.48 kg). During the last 49 days of the finishing period the growth pro-
moters were supplemented and the productive parameters were: Initial live-
weight was similar among treatments (P>0.05) being in average 481.96 kg; 
feed intake of 11.06 kg (DM); average daily gain, with respect to the control 
treatment, it was increase in approximately 40% when cattle was supple-
mented with β-agonists; similarly, feed efficiency was improved in around 
30%. Thiamine diphosphate did not affect this parameters. Carcass traits 
were not different (P>0.05) from control treatment. Beef quality characteris-
tics were similar (P>0.05) among treatments, with the exception of pH at 24 
h that was lower for thiamine diphosphate, and color for a* that was less red 
for zilpaterol hydrochloride Z, the L* at 24 h that was higher (P>0.05) for all 
the supplemented treatments; similar trends were for b* at 24 h. Profitability 
was calculated from the cost–benefit ratio, were all the expenses were taken 
into account, from the acquisition and transport of the animals to the produc-
tion unit to the marketing of the finishing animals or their carcasses, pass-
ing from feeding costs, additives supplementation and labor. This analysis 
showed that the cost–benefit ratio with respect to the control treatment was 
increased with the β-agonists supplementation and most importantly with 
the zilpaterol hydrochloride Z, although this ratio was decreased by thiamine 
diphosphate supplementation. This means a profitability of twice as much 
using zilpaterol hydrochloride Z, but a 50% loss using thiamine diphosphate 
supplementation.    
Conclusion
The supplementation of β-agonists during the finishing phase, did not affect 
negatively animal performance, carcass characteristics or beef quality traits, 
in the contrary, improved production efficiency and profitability. It was found 
that even there were two commercial products with the same active princi-
ple (zilpaterol hydrochloride) the response was not exactly the same. Thus, 
it is important to consider the most suitable product to enhance efficiency 
and profitability. 
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Effect of quality grade on fatty acid composition and volatile flavor compounds of pork (#573)

Hoa V. Ba1, Soo-Hyun Cho1, Pil-Nam Seong1, Yunseok Kim1, Sung-Sil Moon2, Sun-Moon Kang1, Yong-Min Choi3, Jin-Hyoung Kim1, Kuk-Hwan Seol1

1 National Institute of Animal Science, Animal Product Utilization Division, Wanju-gun, South Korea; 2 Sunjin Meat Research Center, Ansung, South Korea; 3 National Institute of Agricultural Sciences, 
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Introduction
Pork is one of the most consumed red meat types in many countries world-
wide. Recently, the pork industry, however, is faced with a problem due to 
the limited amount of visible fat in meat tissues resulting from the production 
of leaner and heavier pigs, which make the pork tougher, less moist and 
reduced flavor (Channon et al., 2017). Studies on consumer’s perception and 
eating preference for pork have indicated that a higher level of intramuscular 
fat (IMF) or marbling is associated with better eating quality (Fernandez et 
al., 1999). However, it still remains known whether the IMF or marbling affects 
the fatty acids and flavor compounds of pork. Thus, the objective of this 
study was to evaluate the effect of quality grade on the fatty acid profiles 
and flavor compounds of pork according to Korean carcass quality grade 
system.
Methods
Animals and samples preparation
Crossbred pigs (n=51) with body weights of 100-120 kg at 180-days old col-
lected from local farms in Korea were used. All the pigs were reared under 
same conditions and fed with a same commercial diet. After slaughtering 
and chilling for 24 h, the carcasses were graded according to the Korean 
pork carcass grading system (KIAPQE, 2013) by an official grader. Based 
on the grading criteria (e.g., marbling degree) as described by Muhlisin et al. 
(2014), three quality grade (QG) groups: QG1+, QG1 and QG2, were formed. 
For each QG, 10 carcasses were finally selected and their longissimus dorsi 
muscle were collected and used for analyses.
Fatty acid profiles
Fats in samples was extracted and determined using a gas chromatography/
flame ionization detector (GC/FID) (Model Star 3600, USA) as described by 
Ba et al. (2019).
Volatile flavor compounds 
The volatile flavor compounds were extracted using solid-phase micro-ex-
traction (SPME) and then were separated by using a fully automated SPME 
sampling instrument (Model: AOC-5000 Plus) connected to Gas Chroma-
tography (Model:7890B) with Mass Spectrophotometry (Model:5977B MSD, 
Agilent Technologies) as described by Ba et al. (2019).
Statistical analysis
The obtained data were analyzed by using the General Linear Model proce-
dure of Statistic Analysis System (SAS Institute, USA, 2007). Multiple mean 

comparisons were performed using Duncan’s Multiple Range Test. The sig-
nificance was defined at p<0.05.
Results
Results 
Levels of fatty acids content are presented in Figure 1. No differences were 
observed for the levels of individual fatty acids among the QG groups but 
the total contents of unsaturated fatty acids (UFA), polyunsaturated fatty 
acids (PUFA) and PUFA/SFA ratio were significantly affected by the QG. 
Particularly, the total UFA content was significantly higher in QG 1+ (62.72%) 
compared to QG 2 (56.75%) (p<0.05). Additionally, the PUFA/SFA ratio was 
higher in the QG1+ (0.69) than in the QG 2 (0.32).
A total of 47 flavor compounds with different chemical classes were detect-
ed in the cooked pork, and concentrations of eight of these compounds 
were significantly affected by the QG (data not shown). The total amounts of 
classes of flavor compounds in cooked pork as affected by QG are shown 
in Fig 2. The total amount of aldehydes was significantly higher in the QG1+ 
than in the QG 1. Additionally, total amount of alcohols was also significantly 
higher in the QG 1+ (0.31 µg/g) than in the QG1 (0.11 µg/g) and QG 2 (0.13 
µg/g) (p<0.05). These results could be related to the significantly higher 
UFA content in the QG1+ (Figure 1), as aldehydes and alcohols are mainly 
derived from the UFA oxidation. Pyrazines and total sulfur-containing com-
pounds are known to be the Maillard reaction’s products associated with 
pleasant odor notes (roasted and meaty odors). However, no differences 
were observed for the total amounts of these flavor classes among the three 
QG groups (p>0.05).
Conclusion
Based on the results obtained from the present investigation, it may be con-
cluded that the pork with higher quality grade exhibited a better fatty acid 
profiles, indicating by a higher unsaturated fatty acids content and PUFA/
SFA ratio. The quality grade apparently showed a greater effect on the lip-
ids-oxidized flavor compounds (aldehydes and alcohols) rather than on the 
Maillard reaction-derived compounds (pyrazines etc.).
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Fig 2. Total amounts (µg/g) of classes of flavor compounds in cooked 
pork among GQ groups.

 
Fig 1. (a), total contents of saturated fatty acids (SFA), Unsaturated 
(UFA), Monounsaturated (MUFA)
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The effect of alginate coating containing pomegranate peel extract on shelf life, texture and color characteristics 
of chicken breast meat (#575)
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1 Iranian Research Organization for Science and Technology (IROST), Department of Food Technologies, Tehran, Iran; 2 Ph. D. Student, Institute of Food Science and Technology, Department of Food 
biotechnology, Mashhad, Iran; 3 Institute of Food Science and Technology, Department of Food biotechnology, Mashhad, Iran

Introduction
In this research pomegranate peel extract was used alone or in combination 
with alginate to coat raw chicken breast meat pieces to evaluate the effect of 
this extract on its shelf life. Also, the effectiveness of these coating to inhibit 
the activity of some microorganism in chicken meat was investigated.
Methods
 In this study, pomegranate peel extract was used alone and along with al-
ginate solution to coating chicken breast. Effect on the survival and decon-
tamination of selected index microorganisms was investigated. Also, Texture 
and color analysis of chicken breast (coated and uncoated) was carried out 
on thesamples.
Results
The coated sample with alginate containing the extract in comparison to 
the extract coating alone and control samples (the sample submersed in 
sterile distilled water and the coated sample with alginate solution without 
extract) was more resistant to microbial contamination (Salmonella enteriti-
dis, Escherichia coli, Listeria monocytogenes and Staphylococcus aureus) in all 
of the samples increased over time, the increasing rate in the sample coated 
with alginate containing extract was 1 to 3 logarithmic cycles less than other 
samples.
The results of texture analysis showed that extract had a significant effect. 
Hardness and cohesiveness were diminished but adhesiveness and reac-
tiveness were increased in all samples. Based on color analysis,   a* and 
b* factors in coated samples with extract alone and containing alginate were 
more than samples submersed in distilled water and alginate. The mentioned 
samples showed the least amount of factor L* (p<0.05).
Conclusion
Alginate coating containing pomegranate peel extract had positive effect on 
chicken breast meat shelf life.
The increasing rate of inoculated bacteria count in the sample coated with 
alginate containing extract was 1 to 3 logarithmic cycles less than other sam-
ples.
The extract of pomegranate peel increased a* and b*  factors of color and 
adhesiveness of chicken meat. 

 
The effect of alginate coating containing pomegranate peel extract on 
shelf life, texture and color
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Addition of date by-products extract to improve oxidative stability of raw pork patties (#586)

María de los Angeles De la Rosa-Alcaraz1, Gastón R. Torrescano-Urrutia1, Humberto Astiazarán-García1, José Angel Pérez-Alvarez2, Juana Fernán-
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Introduction
Meat is an importan source of valuable nutrients, such as high quality pro-
teins, all essential aminoacids, vitamins (B6 and B12), minerals (iron, zinc, 
selenium, phosphorus) and fat and fatty acids (mono and polyunsaturated). 
However, oxidative degration of proteins and fatty acids during storage are 
considered the main causes of meat quality loss, causing changes in nutri-
tional value, texture and color (Faustman et al. 2010; Estévez, 2017). Synthet-
ic antioxidants such butylated hydroxianisol (BHA), butylated hydroxytolu-
ene (BHT), tert-butyl hydroquinone (TBHQ), and propyl gallate (PG) have 
been commonly used in foods to delay oxidation; however, this industrial 
practice has been questioned from a food safety standpoint (Faustman et al. 
2010). It has been reported that use of natural extracts is a feasible option for 
the meat industry (Jiang & Xiong, 2016). Industrial byproducts are particu-
larly rich in bioactive compounds with antioxidant activity, such as phenolic 
compounds which delay or inhibit oxidation of lipids (LOX) and protein (POX) 
(Rodríguez-Carpena et al. 2011). In addition, in vitro and in vivo evaluations of 
date extracts have shown an antioxidant potential attributed to their content 
of phenolic acids, so that date are recognized as a source of valuable func-
tional ingredients (Sirisena et al. 2015). Thus, the objective was to assess the 
inhibition of LOX and POX of date byproducts extract in fresh pork patties 
during refrigerated storage.
Methods
The date by-products extracts were obtained using ultrasound assisted ex-
traction during 1 h. Pork patties were elaborated (80:20 lean:fat ratio) and 
randomly allocated to the following treatments: Control (C), date seed ex-
tract (DSE), date fruit extract (DFE), and butylated hydroxytoluene (BHT). 
The color of raw pork patties was evaluated in the surface of each sample 
using a Minolta spectrophotometer; CIE L*a*b* color coordinates were deter-
minate per tenfold (Rodríguez-Carpena et al. 2011). LOX was assessed using 
the thiobarbituric acid reactive substances (TBARS) method (Pfalzgraf et al. 
1995). The POX was measured by the total content of carbonyls and evaluat-
ed for 2,4-Dinitrophenylhydrazine (DNPH) derivatization (Oliver et al. 1987). 
Data analysis was performed using a two-way linear model GLM-ANOVA. 
Significant differences among means were identified with the Tukey’s test 
(P<0.05).
Results
The results obtained in our study showed that color of pork patties varied 

with treatment and storage time (P<0.05) (Table 1). At initial day of storage 
(day 0), date by-product extracts addition not affect L*, a*, and b* values 
(P>0.05), at last day (day 9), not significant differences were observed in L* 
and b* values for all treatments (P>0.05). Additonaly, the highest (P<0.05) 
redness (a*) values were observed in pork patties treated with DSE. DSE 
patties presented the lowest value at day 9 (0.71 mg MDA/Kg sample), fol-
lowed by the BHT and DFE counterparts (1.37 and 2.03 mg MDA/Kg sample, 
respectively). In regard to POX (Figure 1b), there was a clear correspondence 
with LOX at day 9, DSE showing the lowest (P<0.05) value. However, no 
significant differences (P>0.05) were observed on the same day for DFE, 
BHT, and C.
Conclusion
In meat and meat products, color influences the acceptability and plays a 
great role in the purchase decision (Faustman et al. 2010). The a* value can 
be inversely associated with the LOX value because the latter promotes myo-
globin oxidation; also, date extracts contains greenish-brownish pigment 
that may decreae partties’ redness (Sirisena et al. 2015). Lipid hydroperox-
ides have been identified as primary products of LOX and its decomposition 
results in aldehydes, ketones, alcohols, volatile organic acids, among others 
compounds, known as secondary oxidation products. Respect to protein 
oxidation, reactive oxygen species on muscle proteins results in the loss of 
sulphydryl groups and the generation fo carbonyl compounds (Faustman et 
al. 2010; Estévez, 2017). In our study, results indicate that inhibition of LOX 
and POX of pork patties can be related with the phytochemical compounds 
present in the extracts, which may exert an antioxidant protective effect by 
inactivating the formation of free radicals (L•, LO•, and LOO•) (Pfalzgraf et al. 
1995). Therefore, date by-products extracts has a good potential to improve 
shelf-life of pork patties, and they could be used as a natural preservative 
ingredient for meat and meat products.
References
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Figure 1 Figure 1. LOX (a) and POX (b) during refrigerated storage of 
pork patties added with extracts of date by-products.

  

 
Table 1 Table 1. Color changes during storage time in pork patties 
added with extracts of dates by-products.
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Coffee bagasse extract enhances antioxidant status of pork patties during chilled storage (#587)
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Introduction
Lipid oxidation (LOX) during storage may adversely affect meat quality and 
safety because it leads to meat discoloration, nutrient losses and forma-
tion of toxic compounds such as malondialdehyde (MDA) (Lee et al. 2005). 
Synthetic antioxidants like butylated hydroxyanisole (BHA), butylated hy-
droxytoluene (BHT) and tert-butylhydroquinone (TBHQ) and propyl gallate 
(PG) have been used to prevent LOX, but they might pose a health risk for 
consumers (Kahl & Kappus, 1993). Natural antioxidants like those found in 
waste from the preparation and processing of fruit (bearberry and grape), 
vegetables (avocado and broccoli), species (black currant, curry, oregano, 
rosemary an sage) and plants (Ginkgo biloba, green tea and olive oil), can 
be used as a strategy to reduce such risk (Jayathilakan et al., 2012; Falowo 
et al., 2014). Coffee bagasse extracts (CBE) are another natural source of 
bioactive compounds such as phenolic acids (chlorogenic, caffeine, caffeic, 
trigonelline and protocatechuic acid), which can improve antioxidant activity 
(Pérez-Hernández et al., 2013). In the present study, pork patties were for-
mulated with two concentration levels of CBE, and compared to Control and 
BHT samples to assess their antioxidant status during chilled storage.
Methods
Firstly, phenolic compounds of coffee bagasse were extracted with water 
(1:10) assisted by a ultrasound method (42 KHz/ 25 °C/ 30 min). Thereafter, 
the mixture was centrifuged (4,200 x g, during 10 min) and the resulted solu-
tion was filtered (Whatman No. 4 filter paper), concentrated under reduced 
pressure, lyophilized and stored at -20 °C under dark, until analysis. Total 
phenolic compounds (TPC) and antioxidant activity of CBE were determined 
by the Folin-Ciocalteu and antiradical DPPH● activity (Pérez-Hernández et 
al., 2013; Ainsworth & Gillespie, 2007; Molyneux, 2004). Pork meat (M. semi-
membranosus, 24 h postmortem) was homogenized with fat (20% in final for-
mulation, w/w), salt (1.5%, w/w), and water (5%, v/w) for patties elaboration 
(40 g each). In each replication (twice) pork patties were assesed in four 
treatment as follow: untreated pork (control), 0.05 or 1.0% of CBE, and BHT 
(0.01%). Patties were placed in polypropylene trays and wrapped with PVC 
film (17,400 cm3 O2/m2/24 h at 23 °C) and stored (4 °C/ 9 days/ under dark-
ness), and subjected to evaluation of pH, thiobarbituric acid reactive sub-
stances (TBARS, as a LOX indicator) and color (a* value) (Huang et al., 2011). 
Data were subjected to ANOVA and means were separated by the Tukey’s 

test (P<0.05).
Results
The results showed that TPC level of CBE at 5 mg/mL was 508.1 mg gallic 
acid equivalents/g of dried extract, while the antiradical DPPH● inhibition at 
100 µg/mL was 70%. As shown in Table 1, initial pH values (day 0) of pork 
patties ranged from 5.89-5.92 (P>0.05), and decreased gradually for all treat-
ments during storage. At day 9, the highest pH values (P<0.05) were exhib-
ited by patties treated with CBE1%. In this trial, CBE addition to pork patties 
did not affect (P>0.05) redness (a*) values or LOX levels. However, chilled 
storage caused a reduction in redness (a*) values (Figure 1) and a concomi-
tant increase in LOX levels (Figure 2) for all samples under study (P<0.05). At 
last day of storage (day 9), patties treated with CBE1.0% showed the highest 
a* values and the lowest LOX levels (P<0.05).
Conclusion
Coffee residues are rich in phenolic compounds (ArOH) which have shown 
antioxidant activity (Pérez-Hernández et al., 2013). ArOH are excellent oxy-
gen radical scavengers because the electron reduction potential of the phe-
nolic radical (OH-group) is lower than the electron reduction potential of 
oxygen radical (Ainsworth & Gillespie, 2007). Furthermore, the antiradical 
DPPH• activity of ArOH from natural extracts is associated with their hy-
drogen donating ability, and the reaction is based on the reduction of the 
purple-colored radical to its reduced form 1,1-diphenyl-2-picryl hydrazine, 
residual pale yellow-colored (i.e. DPPH• + ArOH → DPPH-H + ArO•) (Moly-
neux, 2004). The results of the meat quality parameters pH, color (a* value) 
and LOX showed that CBE x storage time effect was significant (P<0.05). 
pH and LOX are parameters related with the quality of fresh meat and meat 
products, and changes in any of them can affect the chemical, technological 
and sensory properties (Huang et al., 2011). The highest pH value observed in 
patties treated with CBE1.0% can be explained by the CBE phenols content. 
CBE1.0% preserved 51.3% of the red color of fresh pork meat and reduced 
93.7% of LOX when compared to the control samples during the 9-day stor-
age period. The present results highlight the potential usage of CBE as effi-
cient inhibitors of LOX and color deterioration during chilled storage or raw 
pork patties. Using these extracts as natural antioxidant could be an effec-
tive strategy to enhance the quality of meat and meat products.
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Figure 1
Figure 1. Effect of CBE on a* value of pork patties during storage 
time. Different literals within the same storage day (a-d) and across

 storage days (A-B) indicate differences (P<0.05).
  

Table 1

Table 1. Effect of CBE on pH of pork patties during storage time. 

 
Figure 2 
Figure 2. Effect of CBE on LOX of pork patties during storage time. 
Different literals within the same storage day (a-d) and across stor-
age days (A-B) indicate differences (P<0.05).
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Introduction
Cull cow beef has been a major part of the beef industry. However, cull beef 
has generally inferior eating quality attributes, such as off-flavor and low ten-
derness. Due to this reason, majority of cull beef is utilized as manufactur-
ing beef [1], reducing its economic value. Dry-aging is a traditional butchery 
process, which has been known to significantly improve meat palatability, 
especially flavor [2]. While dry-aging has been mostly practiced for premium 
beef products in a niche market, a recent study also found that dry-aging 
could improve eating quality attributes of low-marbled loins from grass-fed 
beef [2], suggesting its potential as a natural value-adding process. Thus, 
the objective of this study was to evaluate the impact of different dry-aging 
methods on meat quality and palatability, as well as microbiological proper-
ties of beef loins from cull beef.
Methods
Paired beef loins (M. longissimus lumborum) were collected at 5 d postmor-
tem from 13 cull cow carcasses (30 mo+; Holstein). Loins were then split 
into 4 sections and randomly assigned to one of the four aging methods: 
wet-aging (WA), conventional dry-aging (DA), dry-aging in water permeable 
bag (DWA) and conventional dry-aging with UV-light (UDA). Aging were 
conducted for 28 d at 2ºC, 65% RH and 0.8 m/s air flow. Following the ag-
ing, electrical resistance of the crust was measured and final saleable yields 
were recorded following deboning and trimming. Microbiological traits, such 
as aerobic bacteria (APC), lactic acid bacteria (LAB) and yeast and mold 
(YM), were analyzed. Meat quality tratis, such as pH, proximate, water hold-
ing capacity (WHC), shear force, display color stability, oxidative stability 
(TBARS and carbonyl content) and sensory evaluation by 11 trained panel-
ists were measured. Steaks were PVC overwrapped, displayed for 7 d under 
simulated retail condition (1800 lx). The experimental design was a balanced 
complete block design. All data were analyzed using either PROC MIXED or 
PROC GLIMMIX of SAS. Least square means for all traits were separated (F 
test, P<0.05) using PDIFF option.
Results
A significantly higher shrink/moisture loss was observed in both DA and 
UDA, which was then translated to higher trim loss in both treatments com-
pared to DWA(P<0.05, Table 1). UDA crust had significantly higher electrical 
resistance (P<0.05), followed by DA and DWA. DA had the lowest saleable 
yield, followed by UDA, DWA and WA (P<0.05). The lowest moisture content 
of the lean was observed in UDA, although UDA had the highest water ac-

tivity compared to other treatments (P<0.05). No significant difference was 
observed on shear force, cook loss and TBARS for all samples (P>0.05). 
Carbonyl content was not affected by aging treatment (P>0.05). Drip loss 
was observed to be significantly higher in UDA (P<0.05) compared to other 
treatments. No differences in instrumental color and visual color evaluation 
were found between treatments up to 4 days of display (P>0.05). However, 
a significant decrease in a* and a rapid increase in discoloration were ob-
served for DA and DWA from day 5 until the end of display (P<0.05, Fig. 1). 
Trained sensory panel found that a significantly higher fat and sour flavor 
and a trend of higher oxidized flavor (P=0.07) were observed for steaks from 
WA and UDA compared to the other methods. In the lean meat, no signifi-
cant difference was found for APC count between the treatments (P>0.05), 
while LAB count was found to be significantly lower in UDA (P<0.05) and 
YM was significantly lower in WA (P<0.05). Crust collected from UDA was 
observed to have the lowest count for all APC, LAB and YM (P<0.05) when 
compared to crust collected from other treatments.
Conclusion
The results indicated that conventional dry-aging would not negatively affect 
the shear force, cooking loss as well as oxidative stability of loins collect-
ed from mature beef loins. Trained panelists also indicated less sour and 
oxidized flavor in dry-aging compared to wet-aged counterparts, showing 
its potential to improve mature beef loins. These improvements, along with 
good color stability suggested the potential of dry-aging as a natural value 
adding process for merchandizing cull cow beef. The UV light application 
significantly reduced the microbial concentration of the dry-aged beef crust, 
but an increase in oxidized flavor was found. Further studies on determining 
the consumer acceptability, flavor-related compound, as well as microbial 
impact on dry-aged beef development are currently under investigation.
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Table 1. Meat quality traits of cull cow beef loins treated with different 
aging methods 
Least square mean of shrink loss, total yield, pH value, shear force, wa-
ter-holding capacity (WHC) and oxidative stability of cull cow beef loins 
treated with different aging methods. a-c Different superscript letter indi-
cated a significant difference between the different aging methods (P<0.05)

 
Figure 1. Discoloration score of cull beef loins treated with different 
aging methods during display (1= no discoloration, 7 = 100% discol-

oration) 
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P-04-29 

Phenolic compounds in beer inhibit formation of polycyclic aromatic hydrocarbons from charcoal-grilled chicken 
wings (#605)

Chong Wang, Chunbao Li, Xinglian Xu, Guanghong Zhou
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
Polycyclic aromatic hydrocarbons (PAHs) are produced from the partial 
combustion of fossil fuels and organic materials. The International Agency 
for Research on Cancer (IARC) have stated that PAHs contribute to carcino-
genicity and mutagenicity in human health. For non-smokers and non-oc-
cupationally exposed consumers, the main route of PAH intake is from food. 
Many researchers have speculated that PAHs are formed through free rad-
ical reactions. Due to the unique flavor and taste of grilled meat products, it 
is a favored cooking method by many consumers. Taking into account the 
high levels of PAHs and risks to human health, precautions need to be im-
plemented to inhibit the formation of PAHs from grilled meats. Marination, a 
widely used pre-cooking method for improving the flavor and taste of food 
in numerous cuisines, reduces the generation of these harmful substanc-
es. Beer has been reported to contain a complex mixture of phenolic com-
pounds, so this study aims to survey the effects of beers on the formation of 
PAHs from charcoal-grilled chicken wings (CWs).
Methods
      Marinating and grilling conditions. CWs were marinated for 4 
h at 4 °C and the ratio of marinade to CWs was 1:1 (w/v, g/mL). After mar-
inating, the samples were removed from the marinades and dried slightly. 
The marinades were collected and the DPPH free radical scavenging ac-
tivity were determined. A garden-type gridiron was used to grill CWs. After 
the open flame was extinguished and hot coals remained, all samples were 
grilled on a shelf for 8 min. The samples were turned over every 2 min.  After 
grilling, the CWs were deboned and homogenized with a mincer. The sam-
ples were then freeze-dried and stored at -80 °C until PAHs analysis.
Detection of DPPH scavenging activity. Briefly, 200 µL of di-
luted sample (1:10) of marinades before and after marinating was added to a 
tube containing an equal volume of DPPH (0.2 mM, dissolved in 95% etha-
nol). Equal volumes (200 µL each) of DPPH and distilled water (Ablank), and 
DPPH and 95% ethanol (Acontrol), were prepared as the blank and control, 
respectively. The absorbance at 517 nm was recorded after samples were 
reacted for 30 min in the dark. The scavenging activity was calculated using 
the formula: DPPH scavenging activity (%) = [1-(Asample-Ablank)/(Acontrol-Ab-

lank)]×100, with the results expressed as a percentage.
       Analysis of PAHs. 3 g of sample was weighed and transferred to a 
tube containing 20 mL of acetonitrile and 10 mL of n-hexane saturated with 

acetonitrile. Samples were vortexed for 30 s followed by ultrasound-assist-
ed extraction for 30 min at 40 °C, then centrifuged at 4500 r/min for 5 min. 
The sublayer was transferred to a flask and residual solution was extracted 
again, extract solutions were evaporated to dryness. The residue was redis-
solved in 6 mL n-hexane and subjected to an activated silica cartridge. The 
cartridge was eluted with 25 mL dichloromethane/n-hexane (30:70, v/v). 
All eluents were evaporated to dryness under a nitrogen flow. The residue 
was redissolved in methanol/acetonitrile (1:9) and filtered through a 0.45 µm 
membrane prior to analysis. The gradient system of water (A) and acetoni-
trile (B) was run at a rate of 0.64 mL/min. The linear gradient was started 
with 50% B for 2 min, then ramped to 100% B within 6 min and maintained 
for 3.2 min. Finally, B was decreased to 50% within 1 min and maintained for 
2.8 min. The excitation and emission wavelengths were 290 and 410 nm for 
BkF, BaP, DbA and BgP; 260 and 430 nm for BbF; 270 and 390 nm for BaA 
and Ch; and 293 and 498 for IP.
Results
As can be seen from Figure 1, all beer marinades displayed activity in scav-
enging DPPH radicals. Before marinating, percent inhibition activity from 
Heineken (27.0%), Tsing Tao (23.6%), Budweiser (21.9%), Corona (21.4%), 
Harbin (9.5%), and Snow (8.1%) were determined.  After 4 h marinating, a 
decrease in DPPH scavenging activity of all beer marinades was detect-
ed. The various profiles of PAHs content from CWs marinated with various 
marinades were assessed and shown in Table 1. The total content of PAHs in 
the control samples was 13.03 ng/g. Beer marinades exhibit different effects 
on PAHs generation. Among them, Heineken (4.31 ng/g) and Tsing Tao (8.89 
ng/g) notably inhibit PAHs generation; Budweiser (12.55 ng/g) and Corona 
(12.76 ng/g) were very similar to the control; and Harbin (17.61 ng/g) and 
Snow (18.09 ng/g) show a negative effect compared to the control. Although 
the marinade inhibits the formation of PAHs in general, not each individual 
PAH was influenced. 
Conclusion
In this study, we investigated the DPPH scavenging activity of different 
beers and their effect on the formation of PAHs. It was found that the greater 
the DPPH scavenging activity, and the lower the PAH content. Among the 
beers studied, Heineken showed the strongest inhibitory effect on PAHs. We 
believed that the antioxidants in beer may serve as inhibitors of PAH gener-
ation by acting as radical quenchers and scavengers.
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PAHs formation on charcoal-grilled CWs marinated with different mar-
inades 

 
The DPPH scavenging activity of beers before  (Before) and after 
(After) marinating
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P-04-30 

Novel methods to extend the shelf life of raw minced beef (#611)

Joan Tollerton, Linda Farmer, David Farrell
Agrifood and Biosciences Institute, Food Research, Belfast, UK

Introduction
Shelf life extension has long been a major goal of the meat industry. Current-
ly, producers use combinations of packaging solutions, storage conditions 
and food additives to minimize microbial spoilage. High pressure processing 
(HPP) has been shown to extend the shelf life of a variety of food stuffs (1) 
and there is growing interest in the antimicrobial properties of essential oils 
(2). The aim of the present study was to identify the potential synergistic 
effects of HPP and antimicrobial oil-based active packaging on the shelf life 
of raw minced beef.
Methods
Essential oils (n=25) were selected and screened for antimicrobial activity 
by means of a disk diffusion assay followed by minimum inhibitory concen-
tration (MIC) to give the lowest concentration capable of inhibiting growth 
of the spoilage microorganisms (3). Each oil was assessed against a broad 
range of 12 spoilage organisms including Gram-negative and Gram-positive 
bacteria. The three best performing essential oils were then selected for fur-
ther investigation: lemongrass, cinnamon bark and clove bud oil. Ethanolic 
solutions of the oils were used to prepare active films for packaging. Results 
from the MIC assay indicated that cinnamon and clove oil should be applied 
to active packaging at 1.2% w/v and lemongrass oil at 2% w/v.
 
Retail packs of raw minced beef were purchased from a range of super-
markets and transferred to storage at 4°C. Portions (10g) of minced beef 
were aseptically weighed, applied to the active packaging and manipulated 
to adhere to the surface area of the active packaging. Three HPP treatments 
were selected: control (0MPa), 400MPa and 500MPa for a hold-time of 60 
seconds. All prepared samples were stored at 4°C until pressure was applied 
then returned to 4°C until needed for further analysis.
Results were compared at the point where counts reached 107 colony form-
ing units per gram (CFU/g) of sample. This is commonly used as an arbitrary 
measure of spoilage (4). Aerobic total viable count (TVC), anaerobic total 
viable count (TVCan) and lactic acid bacteria (LAB) were measured over a 
period of up to 70 days as an indicator of shelf life.
Fisher’s LSD test was used to assign pairwise differences within pressure 
treatments, between oils tested for each of the bacterial counts. All signifi-
cant differences were recorded at the 5% level.
Results

Figure 1 shows the observed TVC counts for all treatments. The results show 
that each active packaging treatment alone, effected a significant (P<0.05) 
2 log reduction in TVC (after 7 days) when compared to a control treatment, 
though there was no significant difference after 14 days. Lemongrass oil ac-
tive packaging on its own was shown to extend shelf life by 2 days over the 
control samples. Observed shelf life extensions using the HPP treatments 
were consistent with previous findings (1). Synergistic effects were observed 
when samples in active packaging were HPP treated. Here, the lemongrass 
oil active packaging treatment performed best with shelf life being extend-
ed by 14 days (400MPa) and 48 days (500MPa) over the control samples. 
Application of high pressure alone showed an increase of 5 days (400MPa) 
and 28 days (500MPa) compared to untreated samples to reach 107 CFU/g 
TVC. Pressure in combination with lemongrass-enhanced active packaging 
showed an impressive synergistic effect increasing time to reach 107 CFU/g 
TVC by 14 (400MPa) and 48 days (500MPa). Similar results were observed 
for TVCan and LAB counts.
Conclusion
Lemongrass, clove and cinnamon oils were identified as “best performers” to 
inhibit the growth of spoilage microorganisms during the screening process, 
with lemongrass being the best of the three. Positive synergistic effects be-
tween active packaging and HPP have been observed. The work has shown 
the potential for HPP in combination with active packaging to increase the 
shelf life of raw minced beef on the basis of inhibition of spoilage microor-
ganisms, especially where lemongrass oil has been used as the antimicrobial 
agent. Further work is required to determine a level of treatment which will 
maintain this synergism in providing extra shelf life and also give an end 
product which is acceptable to consumers. It will also be important to ensure 
that with extra shelf life, the growth of pathogenic organisms is controlled.
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P-04-31 

Inclusion of protein hydrolysates from deboned chicken residues in cooked sausages – Effects on technological 
and sensory quality (#614)

Eva Veiseth-Kent, Mari O. Gaarder, Alexandre Descomps, Diana Lindberg
Nofima AS, Ås, Norway

Introduction
Enzymatic protein hydrolysis (EPH) has become a popular method for valo-
risation of by-products. The aim of this study was to assess how inclusion of 
three different protein hydrolysates produced from chicken bones and meat 
residues at two inclusion levels affected technological and sensory quality of 
cooked sausages produced at lab-scale.
 
Methods
Deboned chicken residues were ground and divided into tree 7-kg batches 
for EPH. The EPH process was performed by mixing 7 kg ground residues 
with 14 l water and 1 % protease (A, B and C), and incubated at 50°C for 
60 min. Proteases were inactivated (90°C for 15 min), and fat and undigest-
ed material was separated by centrifugation and filtration. Soluble fractions 
were spray-dried to gain dry powders.
The Control recipe with a mix of beef and pork consisted of 10 % protein, 
18 % fat, 6 % potato starch, 1.7 % NaCl and 64.3 % water. Adjusted reci-
pes with hydrolysates to increase the protein content to 12.5 and 15 % was 
made by removing equivalent parts of water. The Control sausage and the 
six versions with hydrolysates were produced in triplicate at random order. 
Sausage batters were produced using a Stephan-blender, and mixed until 
the batter temperature reached 15.5°C. The batter was filled into 50-ml tubes, 
centrifuged to remove air pockets, and allowed to stand at 4°C over night 
before cooking in a water bath at 80°C for 30 min, following 30-min cooling 
in iced water.
Cooking loss was assessed by weighing sausage batter before and after 
cooking, colour was measured using DigiEye, and texture was measured by 
a two-cycle 60-% compression test using Texture Analyzer. Sensory anal-
ysis was performed on warmed sausages in a quality descriptive analysis 
(QDA) with Nofima’s trained sensory panel.
Statistical analysis was performed using Dunnett multiple comparisons to 
test whether the six recipes with hydrolysates differed from the Control rec-
ipe, while factorial ANOVA with main effects of hydrolysate and inclusion 
level and their interaction and Tukey pairwise comparison was used to reveal 
significant differences between recipes containing hydrolysates.
Results
Inclusion of hydrolysates elevated the pH of the sausage batter both prior 
to and after cooking (p < 0.000), and this increase was proportional (p < 

0.000) to the level of hydrolysate added (Table 1). Cooking loss was reduced 
with hydrolysate addition (p < 0.000), but no differences were seen between 
hydrolysates or inclusion levels.
Chemical analysis of cooked sausages revealed that the protein content was 
increased (p < 0.000) from the Control, 12.5 and 15 % recipes: 10.7, 13.1 and 
15.6 %, respectively. Increase in protein content was mirrored by reduced 
water (p < 0.000) and increased ash content (p < 0.000) in the same groups.
Colour measurements showed that the highest inclusion levels of A and B 
hydrolysates resulted in reduced L*-values (p < 0.000) compared to Control 
(Table 1). Moreover, the a*-value was increased in all recipes compared to 
Control (p < 0.000), and there was a significant effect of hydrolysate type 
(p < 0.000) and inclusion level (p < 0.000). Mechanical hardness was sig-
nificantly increased (p < 0.000) compared to Control in all recipes except 
C at the highest inclusion level (Table 1). An interaction effect was seen for 
hardness (p < 0.05) where both inclusion levels with C clearly separated 
from the other hydrolysates.
No differences were found for odour attributes between the recipes (p > 
0.05), while colour, flavour and texture attributes differed (Figure 1). The hue 
of the colour was increased (i.e. more red) in the highest inclusion level with 
B and C compared to Control (p < 0.01), similar to the a*-value from the Digi-
Eye analysis. Taste intensity also varied among recipes (p < 0.01), while even 
larger differences were observed for bitter taste (p < 0.001), with increasing 
bitterness as inclusion levels increased. Finally, hardness and pastiness of 
sausages increased and decreased, respectively, with inclusion of hydroly-
sates (p < 0.001). Interestingly, inclusion of hydrolysate C did not affect these 
texture attributes compared to Control.
Conclusion
• 
It is difficult to assess whether the reduced cooking loss after hydrolysate 
inclusion is only caused by less water added in the recipes and/or if the hy-
drolysates have affected the water-binding properties of the batters. Thus, 
further investigations into this is necessary.
• 
Inclusion of hydrolysates increases the redness of sausages, most likely by 
acting as antioxidants.
• 
Effects of hydrolysates on texture properties seems to be hydrolysate-spe
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cific, with hydrolysate C behaving similar to Control. The peptide compo-
sition of the hydrolysates may explain these differences, since hydrolysate 
C exhibit mostly exopeptidase activity while A and B have endopeptidase 
activity.
 

 
Table 1. Technological properties, instrumental colour and texture 
parameters.

 
Figure 1. Sensory attributes of cooked sausages assessed by trained 
sensory panel
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P-04-32 

The effect of different sodium reduction strategies on the chemical, microbial and sensory quality of a traditional 
South African sausage (#637)

Anmeri Rautenbach, Celia Hugo, Carina Bothma, Eileen Roodt, Arnold Hugo
University of the Free State, Food Science, Bloemfontein, South Africa

Introduction
Due to recent regulations that was passed by the South African Government 
limiting the sodium content of various processed food products of which Bo-
erewors is one, the meat industry now has to abide by new specified sodium 
levels. As from 30 June 2016 the permitted sodium content of Boerewors is 
800 mg Na /100 g sausage while from 30 June 2019 the maximum permitted 
level of sodium is 600 mg Na/100 g sausage. The purpose of this study was 
to determine the implications on the overall quality and stability of Boere-
wors products by using different strategies to reduce the sodium content of 
Boerewors to 600 mg Na/ 100 g.
Methods
Three replicates of Boerewors were manufactured. The 5 treatment groups 
were the negative control (NC) which were formulated with 0% NaCl con-
taining 110.03 mg Na/100 g. Three more formulations were formulated in ac-
cordance with the new Na limit of 600 mg Na/100 g sausage (mandatory 
from 30June 2019) and they were treated with different salt replacers. For-
mulation K600 was formulated to contain 600.12 mg Na/100 g (1.25 % NaCl) 
and potassium chloride was added as replacer. Formulation L600 was for-
mulated to contain 599.78 mg Na/100 g (1.25 % NaCl) and lactate was added 
as replacer. Formulation N600 were formulated to contain only 600.38 mg 
Na/100 g (1.25 % NaCl) and no replacers were added. The positive control 
(PC), was formulated in accordance with the current Na limit of 800 mg/100 
g. It was formulated to contain 816.69 mg Na/100 g (1.80 % NaCl). Boerewors 
samples from the different treatments were evaluated for oxidative stability 
(TBARS), total viable count (TVC) and colour a* value over a nine day stor-
age period. Consumer sensory evaluation was performed on the sausages 
from the five different treatments. An analysis of variance procedure (NCSS 
11, 2016) was used to determine the effect of added NaCl and/or replacer 
and the Tukey-Kramer multiple comparison test (∝ = 0.05) was carried out 
to identify significant differences between the treatment means (NCSS 11, 
2016).
Results
The different treatments did not show any immediate effect on the TVC and 
there were no significant differences between treatments on days 0 and 3 
(Figure 1). On days 6 and 9 however there were significant differences be-
tween the NC and the rest of the treatments. The significant higher value of 

the NC shows that the addition of NaCl has an inhibitory effect on microbial 
growth.
No significant differences were observed in lipid oxidation as measured by 
TBARS between treatments on days 0, 3 and 9 (Figure 2). On day 6 there 
were significant differences between the treatments, with the N600 treat-
ment having a significantly higher value than the rest of the treatments. The 
L600 treatment had the lowest value and can be ascribed to the fact that 
lactate can reduce the pro-oxidant effect of NaCl on meat products. All of 
the TBARS values were below that of an organoleptic threshold of 0.5 mg 
MDA/kg.
The gradual decrease in a*-value means a decrease in redness and can be 
clearly seen from day 0 to day 9. The NC showed the highest value through-
out the 9 days and significant differences (p < 0.001) was found between the 
treatments. As salt levels increased, redness decreased and this can most 
likely be ascribed to salt having a denaturing effect on myoglobin proteins 
which decrease the ability to bind oxygen and give a red colour. From the 
treatments that contained NaCl, the L600 treatment had the highest value 
and thus the best red colour throughout the 9 days.
The consumer panel continuously ranked the NC group lower than the other 
four treatment groups for all five of the chosen sensory attributes (Table 1). 
For appearance, flavour, saltiness, texture and overall liking, no significant 
differences in rankings were found between the K600, L600, N600 and PC 
groups (Table 1), indicating that consumers could not detect any differences 
in terms of these attributes between the different treatments.
Table 1: Consumer sensory rankings of 5 Boerewors for-
mulations based on different added NaCl and/or replac-
er levels.
 
Treatments Neg controll K600 L600 N600 Pos. Control Sign. level

Appearance 5.80a ± 1.81 6.97b ± 1.08 6.72b ± 1.19 6.59b ± 1.53 6.69b ± 1.33 p < 0.001

Flavour 3.84a ± 2.01 7.01b ± 1.36 7.01b ± 1.16 6.63b ± 1.50 6.95b ± 1.24 p < 0.001

Saltiness 3.47a ± 2.00 6.84b ± 1.56 6.69b ± 1.50 6.45b ± 1.69 6.56b ± 1.59 p < 0.001

Texture 5.08a ± 2.14 7.16b ± 1.13 7.05b ± 1.30 6.57b ± 1.64 6.85b ± 1.48 p < 0.001

Overall 
liking

4.03a ± 1.68 7.09b ± 1.30 6.97b ± 1.10 6.67b ± 1.46 6.89b ± 1.16 p < 0.001

Means with different superscripts in the same row differ significantly.
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Conclusion
The results obtained proved to be positive for further sodium reduction to 
600 mg Na/100 g product. Even though the replacers did not significantly 
help with improving microbial and lipid oxidative stability, all the treatments 
were stable over the shelf-life period with all the microbial values being with-
in limits and no detection of rancidity. In terms of the colour parameters test-
ed the oxidative effect of high NaCl on meat product colour was confirmed, 
the addition of lactate as replacer did to some extent affect the meat product 
colour positively. The addition of replacers could not be detected sensorily 
by consumers. 

 
Figure 1.
TVC counts (log cfu/g) of five Boerewors formulations 

 
Figure 3. Redness (a*) value of five Boerewors formulations 

 
Figure 2. The effect of added NaCl level on the TBARS values of 5 Bo-

erewors formulations
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P-04-33 

Detection of protein hydrolysate additions to turkey meat By determination of the free amino acid contents with 
high-performance liquid chromatography (#651)

Bertolt Kranz, Sabine Andrée, Dagmar A. Brüggemann
Max Rubner-Institute (MRI), Federal Research Institute of Nutrition and Food, Department of Safety and Quality of Meat, Kulmbach, Germany

Introduction
Basic foods, a daily need for all people, should be inexpensive and of high 
quality. These conditions lead into temptation to replace high quality food 
ingredients with cheaper ones. One quality parameter of meat is the content 
of meat protein. This is normally determined by the analysis of nitrogen in 
relation to the water content. However, sometimes poultry is surrogated by 
protein hydrolysates which consist of amino acids and peptides from other 
– cheaper – sources. The usage of protein hydrolysates is advantageous 
compared to proteins in fresh meat products as they have a higher solubility. 
This is problematic from a consumer safety point of view as peptides from 
some sources (e. g. wheat) can have allergenic effects1.
An unambiguous proof is necessary for an effective control of foods. This 
can be performed by the determination of the content of free amino acids 
(FAA) with high performance liquid chromatography with ultraviolet and 
visible detection (HPLC-UV/VIS). In this study, turkey meat was used as a 
model system because of its high water capacity2 and low profit margin. Nat-
ural fluctuations (e. g. female-male variations3) must be taken into account. 
The protein hydrolysate can be gained from different sources like plant (e. g. 
wheat), animal (e. g. casein) or meat (e. g. mechanically deboned).
Methods
All experiments were performed with turkey breast muscles (Musculus pec-
toralis superficialis, BUT Big 6, Meleagris gallopavo). The trade samples were 
fetched from a slaughterhouse or local and nationwide acting food retailer in 
Germany. All meat samples were frozen in liquid nitrogen and stored at -20 
°C until further use. Protein hydrolysate or water was added via injection (1 
mlsolution/gmeat) to the meat.
The meat samples were homogenized in 0.025 M EDTA / 0.100 M Tris buffer 
(pH 8.0) in a sodium cloride / ice bath (-20 °C). Internal amino acid standards 
were added. Proteins and longer peptides were precipitated with acid (pH 
about 2.2). The samples were centrifuged and filtrated and the filtrates were 
used for the analysis.
The free amino acid content was determined with cation exchange chro-
matography within a pH-rage of about 3 to 10. A post-column derivatisation 
with ninhydrin was done. All sample supernatants were analysed diluted and 
undiluted in duplicates. The quantification was performed with an external 
amino acid standard solution.
The statistical analyses were done by JMP or Excel. A p-value of < 0.01 indi-

cates a significant difference.
Results
The selected free amino acid (FAA) contents of the slaughterhouse turkey 
meat samples increased as time went by. This is shown exemplary for 0 h 
and 99 h postmortem in figure 1. However, the contents of FAA were gener-
ally lower in the slaughterhouse samples than in the trade samples. Poultry 
meat is normally available on the market two to five days after slaughter. Dif-
ferent conditions (e. g. storage temperature) can influence the FAA contents.
The high variation is also illustrated by the unusual high content of the free 
L-aspartic acid of the sample from the nationwide acting food retailer. But 
also the other FAA contents showed significant differences between the 
slaughterhouse and trade samples. For example, the FAA contents of L-his-
tidine for both time dependent samples showed significant differences re-
ferred to both trade samples. Only the FAA contents of L-histidine at 0 h and 
99 h post mortem were not significant different towards each other.
The addition of water or protein hydrolysates can only be proven by clearly 
significant differences of the FAA contents. The addition of water signifi-
cantly reduces the content of selected FAA (see figure 2). Otherwise, the 
additions of protein hydrolysates lead to a significant increase of most of the 
FAA contents.
For free L-aspartic acid, the maximal natural content was significant differ-
ent to the content after addition of casein hydrolysate, but not in the case of 
the added wheat hydrolysate. However, the maximal natural content of free 
L-valine was significant different compared to both hydrolysate additions. 
The different protein hydrolysates from wheat and casein proteins caused 
the increase of different FAA contents. This is due the fact that these pro-
teins have different amino acid compositions.
Conclusion
The natural content of FAA in meat is changing postmortem because of the 
metabolic depletion and hydrolysis of meat proteins. Also the conditions 
like feeding, age or storage time influence the natural FAA contents. Fur-
ther on, the used protein hydrolysate is also crucial for the FAA contents 
in the meat. Therefore several FAA contents must be compared in order to 
prove an addition of protein hydrolysates or water. A quantitative method 
with small variations is important for that. It is also necessary to measure a 
sufficient amount of control samples in order to compensate extreme single 
FAA contents.
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Figure 1: 
Natural contents (± standard deviation) of the FAA of slaughterhouse 
and trade samples.

 

Figure 2: 
FAA contents (± standard deviation) with and without the addition of 
water or protein hydrolysate. 
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Mass spectrometric detection of the addition of porcine blood plasma to emulsion-type pork sausages (#652)

Christian Stader, Fredi Schwägele, Wolfgang Jira
Max Rubner-Institut (MRI), Federal Research Institute of Nutrition and Food, Department of Safety and Quality of Meat, Kulmbach, Germany

Introduction
The adulteration of meat products by the undeclared addition of blood plas-
ma powder is quite conceivable due to low costs, high protein contents and 
advantageous functional properties [1]. This applies, in particular, to pork 
having the highest meat production rate in the European Union. To prove this 
type of food fraud is rather difficult until now due to the lack of appropriate 
analytical methods, especially, when adding plasma to meat of the same an-
imal species. Consequently, a rapid HPLC-MS/MS method for the detection 
of porcine blood plasma in emulsion-type pork sausages was developed.
Methods
Emulsion-type pork sausages with 0.5, 1, 1.5, 2 and 3 % meat substitution 
by plasma (16 series) and blank samples (32 series) were produced from 
different raw materials with two commercial plasma powders, and under two 
different thermal treatments (semi- and full preserves). Within each series, 
the pork used for the production of the sausages came from one single ani-
mal. The blood plasma proteins from the meat products were extracted and 
digested with trypsin in a rapid one-pot process (1 h at 55 °C). After purifica-
tion by solid phase extraction, twelve species-specific marker peptides for 
porcine blood plasma proteins were measured by HPLC-MS/MS.
Results
On the basis of HPLC-MS/MS measurements of the tryptic digests of com-
mercial porcine plasma powders (maXis UHR-QToF) and subsequent sub-
mission of the obtained peak lists to the MASCOT database search tool, 
more than thirty heat stable unique marker peptides for porcine blood plas-
ma proteins were identified. From this group of preselected peptides, twelve 
peptides were selected for the HPLC-MS/MS method using the QTrap 5500.
Meat and meat products always contain a certain amount of residual blood 
[2] and, consequently, blood proteins. This fact has to be considered with 
regard to a reliable detection of the addition of porcine plasma powder to 
meat of the same animal species. Therefore, the sole qualitative detection of 
plasma peptides does not allow clear conclusion about the addition of blood 
plasma. As a consequence, at least comparative investigations of control 
samples are required to detect the addition of blood plasma to meat prod-
ucts. In order to identify the most appropriate plasma peptides, the following 
five criteria were considered: (a) intensity of the peptide, (b) the relative stan-
dard deviation (RSD) of the mass transition ratio, (c) the slope and coefficient 
of determination (R2) of the regression between the concentration of plasma 
powder and the peak area of the peptide, (d) the effect of thermal processing 

on the intensity of the peptide, (e) the RSD of the repeatability.
Four plasma peptides gave the best results with regard to these criteria, 
and were therefore considered to be the most suitable peptides. As a con-
sequence, the peak areas of these four plasma peptides were identified to 
enable the best differentiation between control samples and sausages with 
added plasma powder. The one-sided 97.5 % confidence limits of the peak 
areas of the four most suitable plasma marker peptides were compared be-
tween the control samples and the batches with different concentrations of 
plasma powder (Table 1).
Table 1: One-sided 97.5 % confidence limits (lower limits) of the peak areas 
of the four most suitable plasma peptides in different batches of sausages 
with plasma powder (N = 25, each) in relation to the corresponding upper 
limits of the control samples (N = 50; normalized to 100 %; ratios > 100 % 
highlighted in gray).
Peak area of Batch

plasma pep-
tide [%]

0.5 1 1.5 2 3

A 64 86 104 119 151

B 82 117 150 168 260

C 51 78 104 117 159

D 56 80 111 142 187

The screening method allows the detection of 1 % (peptide B) or 1.5 % (pep-
tides A, C and D) meat substitution by porcine plasma powder in emul-
sion-type pork sausages by a comparative measurement of the peak areas 
of the four plasma peptides (error probability: 2.5 %).
Conclusion
The HPLC-MS/MS method developed allows detection of the addition 
of porcine plasma powder in emulsion-type sausages of the same animal 
species using characteristic tryptic peptides. Through the combination of 
protein extraction and tryptic digestion in a one-pot process, the time for 
sample preparation was significantly reduced. Furthermore, an LC/MS mea-
suring time as short as 13 min was achieved by a short HPLC column and a 
high flowrate, which enables a high throughput. The method allows the de-
tection of 1.0 to 1.5 % meat substitution by porcine plasma in emulsion-type 
pork sausages with an error probability of 2.5 %.
References
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Physical phenomena in meat science and technology: Approaches to finding new solutions to food formulation 
and processing problems (#42)

Jochen Weiss
University of Hohenheim, Stuttgart, Germany

Short Abstract
Meat products constitute an important food product category in terms of 
overall volume and sales in the meat industry. In some countries such as for 
example Germany, more than 70% of all meat is consumed in the form of 
meat products. The manufacture of meat products involves a series of se-
quentially carried out process operations to transform the required raw ma-
terials into a final, shelf-stable product matrix. The properties of the so-cre-
ated matrix and its shelf-life depends not only on microbiological or (bio)
chemical processes. In fact, a great many physical phenomena may occur 
in these matrices, including for example mass transport, molecular and col-
loidal interactions, phase transitions and separations, surface or interfacial 
adsorption, deformation and flow, as well as light refraction, absorption and 
scattering. This can arguably have a substantial impact on the quality of 
products. An understanding of these phenomena may therefore facilitate 
an efficient and optimal process design, and improve formulation guidance. 
Knowledge of these phenomena could thus be quite valuable for the meat 
industry enabling for example the manufacture of higher quality products at 
lower cost. It may also allow for the development of completely new, yet un-
known product concepts. Surprisingly though, knowledge of these physical 
phenomena as they occur in meat and meat products is relatively scarce. In 
this overview talk, we will thus attempt to look back at research done in our 
(and other) laboratories over the past 10 years where physical phenomena 
were increasingly found to play a significant role in the behavior and manu-
facture of various meat products. Specific examples that will be highlighted 
in the talk include firstly phenomena that occur during comminution and 
emulsification of meat and fat, i.e. the fact that certain size reduction pro-
cesses are more or less effective yielding broader or more narrow particle 
size distributions, as well as generating more or less heat during the size 
reduction process. This can be attributed not only to volume specific energy 
inputs and residence time distributions, but also specific rheological prop-
erties leading to combinations of irreversible and reversible deformations in 
meat and fat. Moreover, the functionality of food additives such as antimicro-
bial or antioxidants in meat product matrices will be discussed. There, our 
studies have shown that mass transport phenomena, and in particular parti-
tioning processes if additives are used e.g. in a dispersed form influence ac-
tivity, and thus quality and safety of products. Next, the effect of addition of 
different non-meat macromolecules such as plant proteins or hydrocolloids 

to meat batters as well as the generation of such macromolecules by EPS 
generating starter cultures will be discussed. Here, results of our research 
have indicated that molecular interactions leading either to phase separa-
tion or macromolecular aggregation are responsible for wanted or unwanted 
textural changes in meat products. We will then have a look at the process 
of efflorescence formation in raw fermented sausages, which constitutes a 
case where mass transport coupled with crystallization lies at the root cause 
of the observed phenomenon. Finally, we will share some early insights into 
the issue of iridescence in hams, which appears to be due to a complex 
refraction processes caused by muscle fibers. There, destructive and con-
structive interferences in scattered light may take place leading to green 
to golden shimmering colors. Taken together, the talk is thus designed to 
provide evidence for the increasingly important and emerging role of phys-
ics and material science. In the end, we intend to highlight the usefulness of 
these disciplines for the field of meat science.
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New Ingredients for Meat Products and Meat Analogues (#658)

Christian Zacherl
Fraunhofer Institute for Process Engineering and Packaging (IVV), Business Development Manager Food, Freising, Germany

Short Abstract
The food industry in general and the meat industry in particular are fac-
ing global challenges such as scarce resources, a growing population and 
changing dietary habits and trends.
An increasing world population with estimated 10 billion people in 2050 de-
mand sustainable and healthy nutrition. Technologies, ingredients and food 
systems to tackle this challenge have to be developed on time. For instance, 
the competition between feed, food or energy crop production needs to be 
solved in order to make sustainable use of all available value streams in the 
primary and secondary production chain.
On the other side, people are suffering from malnutrition such as obesity, 
hypertension or diabetes. (Mal)nutrition-related diseases count for a large 
number of deaths worldwide which could be avoided by better availability, 
quality and acceptance of healthier foods with reduced fat, sodium or sugar 
content.
At Fraunhofer IVV we are working since a long time with innovative ingre-
dients that have a high functionality, a high nutritional value or improved 
acceptance by the consumer. These ingredients are mainly plant based pro-
teins, dietary fibers or secondary plant substances. Based on these ingre-
dients new product concepts and reformulated products are developed to 
meet consumer demands in terms of nutritional requirements and sensory 
acceptance. Our goal is to combat food-borne diseases and disorders by 
using value-adding and sustainable ingredients such as plant proteins or 
dietary fibers in foods, and by reducing salt, saturated fats and sugars.
 
In my presentation, I will show exemplary how plant based ingredients may 
be used in meat products or meat alternative products. The following exam-
ples will be presented:
• Use of plant based protein ingredients as fat replacer in 

meat products:
Fraunhofer has developed a process for production and providing a new type 
of innovative fat replacer based on proteins from different legume sources. 
Key properties of these ingredients are a globular structure mimicking emul-
sified fat bubbles, showing a so-called micellar structure. The plant based 
fat replacer can be incorporated in meat products such as spreadable or 
boiled sausages showing improved mouth feel and structure. A fat reduc-
tion of 30% is therefore possible without impairment of product quality or 
acceptance.

• Strategies and innovative ingredients for sodium and 
nitrite reduction in sausages

Salt plays an important role in meat products. In sausage products it is used, 
besides its taste properties, for conservation, color preserving, texture sta-
bilization, water binding and the protein solution effect. However, numer-
ous efforts are ongoing targeting the reduction of sodium in foods to meet 
recommendations of WHO. In my presentation I will show the results of a 
research project targeting salt reduction in meat products by incorporation 
of innovative natural ingredients stimulating trigeminal senses, mimicking 
salt-congruent flavors or boosting salty taste. On this way, salt content in 
sausage products could be successfully reduced up to 30%.
• Development of plant based meat alternatives such as 

meat analogues or vegan burger products mimicking 
structure, mouthfeel and taste of classic meat products, 
targeted to flexitarian consumers

There is a big demand in alternative products to meat, meeting consumers 
demands for more sustainable, more ethical-correct and healthy nutrition. 
Classical meat alternatives from generation one such as Tofu or Tempeh 
are lacking in structure, mouth feel and fiberness and show thus only limit-
ed consumer acceptance. New processes such as high moisture extrusion 
technology providing fibrous structures or new ingredients based on pea 
protein or dietary fibers led to new-generation meat alternatives showing 
very close-to-meat properties. Most prominent example therefore is the “Be-
yond-Burger”. Target consumer group for these products are flexitarians. In 
my presentation I will show an overview on current processes and ingre-
dients for meat alternative products and give an outlook on further trends 
within this sector.
• Plant based ingredients providing antimicrobial and / or 

antioxidant properties in meat products 
Quality and product safety of meat products is crucial for consumer accep-
tance and trust. On the one side, long shelf life is desired by producers, retail 
and consumers, on the other side the consumer seeks for clean-labelled 
products without added conserving agents or E-numbers. At Fraunhofer IVV, 
various research activities and projects have been carried out to identify and 
characterize plant based substances such as plant extracts, spices or herbs 
regarding their antimicrobial and antioxidant properties. Some of them show 
excellent activities, and are promising ingredients to be used in meat or meat 
alternative properties. Challenge is to match functionality and applicability 
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in specific products, since the ingredients often also show significant flavor 
properties. In my presentation I will show examples of promising ingredients 
showing good functionality and sensorial profile to be used in meat products.
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Targeted agricultural production by genetically modified farm animals (#4)

Prof. Dr. H. Niemann
Medizinische Hochschule Hannover, TwinCore, Hannover, Germany

Short Abstract
The era of genetic modification of farm animals (transgenics) started in 1985 
when the first transgenic rabbits, pigs and sheep were reported after mi-
croinjection of foreign DNA into early fertilized oocytes, i.e. zygotes. This 
technology was gradually being replaced by cell-based gene transfer meth-
ods after the breakthrough in somatic cell nuclear transfer (SCNT) by the 
birth of “Dolly”, the first cloned mammal. This cell-based transgenesis could 
overcome critical limitations of the microinjection technology, such as low 
efficiency, only additive gene transfer possible, random integration and a 
frequent incidence of mosaicism. Selection at the cellular level and the use 
of highly selected and defined donor cells improved the production of ge-
netically modified livestock significantly. Using these technologies, a whole 
range of useful application models has been shown for various livestock 
species covering both, agricultural and biomedical traits and has turned out 
to be important for basic research. However, cell mediated transgenesis was 
still hampered by the inability to produce animals with targeted genetic mod-
ifications. This was at least partly due to the fact that in farm animals, in con-
trast to laboratory species (mouse and rat), true pluripotent stem cells have 
not yet been reported. This prevented from the necessary selection steps, 
as primary cells as used in SCNT only have a limited lifespan and are not 
compatible with the high selection needed for targeted mutations. 
This situation has changed during the last decade after informative genomic 
maps of the major farm animal species had become available and the recent 
advent of genome editing technologies based on the use of DNA nucleases, 
including Zinc finger nucleases (ZFN), Transcription Activator-like Effector 
Nucleases (TALEN) and the CRISPR/Cas (Clustered Regularly Interspaced 
Short Palindromic Repeats) system, which allow precise modifications of 
the genome. They mediate targeted genetic alterations by enhancing the 
DNA mutation rate via induction of double-strand breaks at a specific pre-
determined genomic site. Compared to conventional homologous recombi-
nation-based gene targeting, DNA nucleases can increase the targeting rate 
10,000-fold, and gene disruption via mutagenic DNA repair is stimulated in 
a similar frequency. 
In animals all three nucleases can be applied either via cytoplasmic micro-
injection into early fertilized eggs (zygotes) or after transfection into donor 
cells that are subsequently used in somatic cloning. In the very short time 
period of their first description, numerous research groups have described 
the successful production of genetically modified cattle, pigs and sheep with 

a whole range of eventually useful genetic modifications, both, for agricultur-
al application and biomedical purposes. 
Genetically modified farm animals with agriculturally important traits have 
focused on growth and development, mainly by targeting the MSTN gene, 
disease resistance (f.ex. PRRS, BSE, tuberculosis), production of hornless 
cattle, lactation (amount and composition of milk), wool production in sheep, 
enhancing reproduction success, environmental improvements, dietetic im-
provements and sex sorting.
With regard to growth and development, the GDF8 gene (growth differen-
tiation factor 8 or myostatin, i.e. MSTN) has been successfully targeted in 
cattle, sheep, pigs and even dogs. GDF 8 is critically involved in the regula-
tion of muscle growth. A non-functional myostatin gene is known to cause 
muscular hypertrophy as known in certain cattle breeds such as Belgian 
Blue and Piedmontese. Animals with a bi-allelic mutation of the MSTN gene 
showed enhanced growth and development. The phenotypic effects of the 
MSTN knockout were particularly impressive in breeds that usually do not 
provide much meat such as Nelore cattle and Merino sheep that usually are 
maintained for wool production. This approach could render meat produc-
tion more effective with regard to cost reduction, environmental impact and 
feed conversion. Another agriculturally important application of DNA nucle-
ases could the production of hornless cattle via gene editing of the bovine 
Polled locus, either by targeting the Celtic mutation or a 200 bp duplication 
in the Holstein Friesian genome. 
Thus, for the first time, it has become feasible to overcome the limitations of 
classical breeding and selection concepts which are rather slow, due to the 
fact that economically important genetic gain occurs over rather long periods 
of time. The new technologies based on genome editing, represent a more 
direct approach and make new phenotypes possible within a single gener-
ation. Thus, the advent of genome editing in combination with homologous 
recombination protocols provides a completely new option for improved effi-
ciency and precision in breeding that was previously unprecedented. 
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Climate change, heat stress, and animal robustness: Future perspectives in pig production (#39)

Wendy Rauw
Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria, Madrid, Spain

Short Abstract
The human population is projected to rise to nearly 11 billion people by the 
year 2100. Concomitant to the overall population increase is an increase in 
meat production and consumption. However, an increase in the animal pop-
ulation has profound consequences for our earth. In 2004, the WorldWatch 
Institute concluded: ‘The human appetite for animal flesh is a driving force 
behind virtually every major category of environmental damage now threat-
ening the human future – deforestation, erosion, fresh water scarcity, air and 
water pollution, climate change, biodiversity loss, social injustice, the desta-
bilization of communities and the spread of disease’. Because of the conse-
quences of agriculture and livestock production, there is a need for improve-
ments in efficiency of food production and management, and reductions in 
food loss and waste. Genetic improvement of pigs is key to this development, 
and has resulted in an unprecedented increase in lean growth rate, carcass 
quality and feed efficiency in commercial genetic lines. However, improved 
levels of production at high stocking densities with modern biotechnology 
must be supported by improved technology and increased quantity and/or 
quality of resources that allow for the expression of production traits, or may 
otherwise result in a reduction in robustness to environmental stressors.
For example, a shift towards warmer climates may move livestock animals 
out of their thermal comfort zones, resulting in reduced feed intakes and 
growth rates. Research shows that pig breeds that are adapted to tropical 
conditions may be better able to maintain growth when intake becomes re-
stricted. Similarly, it was observed that, independent of genetic line, pigs 
with higher growth rates in a thermoneutral environment had lower growth 
rates in a subsequent heat stress challenge, indicating that high producing 
animals in thermoneutral conditions were less robust to heat stress, where-
as those robust to heat stress showed a trade-off with production under 
thermoneutral conditions. These results emphasize the necessity to review 
breed choice and genetic selection objectives for improved heat tolerance 
to climate change: pigs of interest as selection candidates are those that are 
able to maintain high growth rates under heat stress, and these may not be 
the genetics with highest growth potential.
At the same time, because of the notion of unsustainability of the heavy 
dependency of the EU to soybean meal imports from international mar-
kets there is a growing interest in the need for feeding local feed resources 
and feedstuff co-products. For example, in 2013, a Focus Group on Protein 
Crops, set up by the European Innovation Partnership Agri, analyzed the po-

tential to increase productivity and protein content of soybeans, rapeseed, 
sunflower, lupin, pea, faba beans, alfalfa and clover. They concluded that 
protein crops have a long way to go before being competitive, but this can 
be stimulated through different aspects of innovation. However, since the 
quantity and quality of feed resources limits productive output, production 
on lower-quality feeds may require a different type of animal with different 
performance characteristics than those currently selected in intensive, high 
quality input – high output production systems.
A necessary condition to maintain farm income on reduced production effi-
ciency is compensation through price premiums. One of the best examples 
of economically successful sustainable pig production is Iberian pig farming 
in the Iberian Peninsula. This extensive production system contributes to the 
conservation of an ecosystem while providing individuals with more than 1 
ha of ‘dehesa’, and fed a local diet of acorns without any chemical supple-
ment. Meat products are destined to a niche market of highly priced dry-
cured processed meat. However, when production methods are not com-
pensated by niche products, price premiums need to come from willingness 
to politically enforce policies through subsidies and/or penalties. Since the 
fast-food industry is the main destination of cheap meat production, and the 
potential for mass production of protein through meat substitutes, insects or 
cultured meat is increasing, it may be reasonable to move towards taxation 
of ‘protein from livestock animals’, that are produced sustainably.
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Management of animal welfare (#31)

Harry Blokhuis
Swedish University of Agricultural Sciences, Uppsala, Sweden

Short Abstract
Introduction
Sophisticated genetic selection programmes, optimised feeding regimes 
and accurate management resulted in an enormous increase in production 
during the second half of the 20th century. Traditional housing systems were 
replaced by systems characterized by high animal density with minimal liv-
ing space for the individual and a very barren environment (Blokhuis, 1999).
The barren housing conditions, high production levels and profound mech-
anisation caused growing concern and fierce societal debate regarding the 
welfare of the animals (Blokhuis et al, 1998; Fraser, 2008). Nowadays, public 
concern for animal welfare is widespread and growing and welfare is be-
coming increasingly recognized as an important quality aspect of the prod-
uct (Blokhuis et al., 2003).
Information for welfare management and market com-
munication
Welfare management
To manage welfare actively, farmers and other actors in the production chain 
need of course information about the welfare status of their animals. Apart 
from the information gathered with welfare assessments (e.g. Welfare Qual-
ity), effective animal welfare management requires knowledge about the re-
lation between the welfare issue and the husbandry environment/practices 
and of course about specific risk factors in the environment. This knowledge 
may be available from experience of the manager or from advisors (e.g. the 
farm’s veterinarian) or require actual assessment of the quality of resources. 
Finally, the combined information and available knowledge leads to manage-
ment decisions.
In the farm’s welfare management plan these steps should be thoroughly 
analysed and assessment methods and frequencies and sources of infor-
mation should be defined.
Market communication
Information about the welfare status of the animals that produce our food is 
increasingly used to allow consumers to evaluate and appreciate the welfare 
quality of food. This information may be delivered in various forms such as 
general information, campaigns, or specific labelling of animal products. Ap-
proaches are different in different countries and markets depending on local/
national circumstances or preferences and marketing strategies (Kjærnes 
and Lavik, 2008).
As pointed out by Miele et al. (2013), a key issue for any information that is 

provided regarding the welfare status of farmed animals is the trustworthi-
ness of the information. At present, most labels for animal welfare friendly 
products do not comply with a common standard and, in Europe, the animal 
welfare claims on products are not regulated. Thus, the ‘animal welfare’ im-
provements of different systems are difficult to compare because they are 
not based on the same criteria.   
It is clear that also for market communication different categories of informa-
tion are needed for the different purposes. However, it is also clear that the 
basis of information for welfare management as well as welfare communica-
tion is the same: the welfare status of the individual animal.
Future developments
Currently, many schemes assess animal welfare at the farm level with rather 
long intervals between assessments (months to years). Such intervals may 
be suitable for several of the goals mentioned above, but they are of limited 
value for daily on-farm management. Modern technology allows for more 
continuous monitoring of relevant welfare parameters and is therefore more 
applicable as a management tool.   Obviously, such technology would also 
generate data to support welfare assessments for other purposes such as 
market communication (Blokhuis, 2018). 
However, technology should only complement and not replace direct obser-
vation of the animals since it is likely that sensors will not ‘see everything’. In 
addition, technology generated data could be combined with that obtained 
from other sources: veterinary or other inspection to improve management 
and housing systems as well as the provision of information to all actors in 
the animal production chains, for example processors, retailers, consumers, 
governments; through labelling or other means of communication.
 
Conclusion
Due to public concerns and the obvious effects on production and quality 
aspects, animal welfare should be considered a central concept in the man-
agement of the animal production sector to ensure societal acceptance and 
economic profitability.
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Design of plant based meat analogues by extrusion processing: Towards controlling the structuring mechanisms 
(#34)

M. Azad Emin
Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

Short Abstract
Recent trends in food extrusion technology and research have been mainly 
(re-)directed to the development of meat analogues, which address the in-
creased consumer awareness of the impact of meat consumption on envi-
ronment, health, and well–being. Extrusion technology offers the flexibility to 
process a wide range of plant proteins to achieve products resembling the 
meat like textures. However, although the history of this technology goes 
back to the 1960s and the basic principles behind the process are known, 
a mechanistic insight to this complex process is still missing. Design pa-
rameters are not yet well defined. This leads to the difficulties at designing 
products and scaling the process up, which is currently relied on know-how 
based trial-and-error approach. Therefore, an aimed improvement of prod-
uct characteristics and the scale-up of this complex process remain very 
challenging. To utilize the potential of extrusion process, we have developed 
a research approach and tools allowing us to characterize the process at 
mechanistic level. The approach is based on the analysis of the dynamic 
interrelations between the process conditions and the change in material 
structure and properties in these sections. This contribution will focus on 
this approach and the corresponding tools developed with respect to the 
design of meat analogues by extrusion processing.

 
Figure 1.
Mechanistic interrelation between independent variables, extrusion 
condition, material pro
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Pros and cons of alternatives to piglet castration: Welfare, boar taint and other meat quality traits (#32)

Michel Bonneau1, Ulrike Weiler2

1 3 Le Petit Bromedou, Montfort sur Meu, France; 2 University of Hohenheim, Stuttgart, Germany

Short Abstract
Introduction
For ages, farmers have been castrating their piglets surgically with no pain 
relief. The practice is still common in most countries, but it is increasingly 
facing strong criticism because of the pain associated with the surgery.
Methods
Review paper
Results
Why are piglets castrated?
The main reason is the presence of boar taint, an offensive odour and flavour 
observed in the meat from some entire male pigs, which develops with sex-
ual maturation. Two main compounds are held as responsible for boar taint: 
androstenone, a testicular steroid, and skatole, a metabolite of tryptophan 
degradation in the hindgut. Early castration avoids boar taint but increases 
feed costs, reduces carcass quality and has some impact on animal health. 
The suffering incurred by the animal during and after the surgical process 
has been well documented during the last 15 years.
What are the alternatives?
There are currently three possible alternatives: surgical castration with an-
aesthesia and/or analgesia, raising entire males and immunocastration. Cas-
tration with chemicals injected in the testes is too painful and sperm sorting 
for producing only females is not practically feasible at a large scale in the 
pig species.
The current situation in Europe
Farmers have been raising only entire males since the sixties in UK and 
Ireland. Castration was also abandoned in Spain and Portugal for the main-
stream standard production while it is still performed in the high quality pro-
duction systems. More recently, societal and market pressure induced pork 
production chains to change their practice in the western part of Europe 
where some kind of pain relief during and/or after surgery is used. Entire 
male pigs now represent a sizeable part of the production in NL, BE, DE and 
FR. Immunocastration has been developed to a significant degree only in BE. 
In most Eastern countries, piglet castration is not an issue yet, although im-
munocastration is under consideration to reduce feed costs and fat content.
Surgical castration with anaesthesia and/or analgesia
General anaesthesia for piglet castration is administered via inhalation (CO2, 
isoflurane) or intramuscularly (Ketamine). CO2 is cheap but aversive to the 
animal. Isoflurane is efficient but costly and it can affect workers and the 

environment. Ketamine is risky for the animal and requires a lot of monitor-
ing. Local anaesthesia with Lidocaïne or Procaïne injected into the testes 
or the spermatic cord may be effective if carefully performed to avoid pain 
during the injection and the timing between injection and surgery is correct. 
The main drugs used for analgesia include Meloxicam, Flunixin and Metam-
izole. General anaesthesia is effective in preventing pain during castration 
but not in relieving post-operation pain. Conversely, analgesia is effective 
post surgery but not during it. Only combined anaesthesia and analgesia is 
fully effective to avoid pain, but it is a costly procedure, especially if vets are 
required.
Entire male pigs
Leaving the male pigs entire avoids a cumbersome job, reduces feed costs 
and increases muscle content. However, some farmers have difficulties in 
managing the more restless entire males exhibiting mounting and aggres-
sive behaviour. The long lasting reduced welfare of the animals harassed by 
their dominant pen mates is to be compared with the short duration acute 
pain experienced by all animals during castration. Penile injuries are also 
quite common. The increased activity of entire males in the pre-slaughter 
period results in more frequent carcass lesions and DFD meat. Lower fat 
content and increased fat unsaturation are detrimental for processing dry-
cured products. Finally, boar taint is a serious risk for consumer satisfaction. 
Boar taint can be reduced to some extent using a combination of genetic, 
dietary and management methods, but these are not yet efficient enough 
to guarantee the absence of boar taint. On-line assessment of boar taint is 
possible. The “human nose” method is simple and cheap but its efficiency 
to protect consumers from dissatisfaction is not documented in scientific 
publications. Instrumental methods are close to the market.
Immunocastration
Two shots of anti GnRH vaccination are required to effectively stop sexual 
development and decrease boar taint. From a few days after the second 
vaccination, the animals behave like castrates and increase their feed intake. 
The resulting feeding costs and carcass quality are intermediate between 
those observed in entire males and castrates. The longer the delay between 
the second vaccination and slaughter, the closer the performance is to cas-
trates’one. Immunocastration is common in Oceania and South America but 
its development in Europe is still impaired by a strong reluctance from chain 
actors, based on assumed rejection of the practice by the consumers.
Conclusion
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Each alternative has its pros and cons and there is no worldwide or Europe-
an wide best solution. Depending on the constraints and opportunities from 
the societal context, the production system and the target market(s), pork 
supply chains may choose the one that best fits their situation.
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Sustainability of meat substitutes: plant analogues, microalgae, insects and cultured meat (#371)

Sergiy Smetana, Volker Heinz
German Institute of Food Technologies (DIL e.V.), Quakenbrück, Germany

Introduction
The lack of protein sources in several parts of the world is triggering the 
search for locally produced and sustainable alternatives. Insects, microalgae 
and plants are recognized as a potential solution. Industry of cultured meat is 
dynamically developing through investments from meat companies and ven-
ture capitals. The production of various meat substitutes (based on plants, 
microalgae and animal-based biomass) aims to reduce the environmental 
impact caused by livestock and find safe and reliable supply alternatives. 
This study outlines the comparative analysis of meat substitutes’ environ-
mental performance in order to estimate the most promising options.
Methods
The study relies on attributional and consequential Life Cycle Assessment 
modelling for the estimation of the most impacting types of meat substitutes. 
It considered “cradle-to-gate” meal life cycle with the application of ReCiPe 
and IMPACT 2002+ methods. Inventory was based on literature and field 
data. Consideration of functions and functional unit (FU) variations were in-
cluded. Results of meat substitutes (high-moisture intermediates or fresh 
meat) LCA were compared to conventional benchmark meats (beef, pork, 
chicken). LCAs are followed by sensitivity analyses, which identify the most 
promising directions towards sustainable production of meat analogues and 
estimate the magnitude of impact reductions if those directions are to pur-
sue by the industry.
Results
Results showed the highest impacts for cultured meat (based on own study 
and recent publications), which was in the upper impact level of beef. The 
highest impacts of meat culturing were associated with production of culture 
media. Even with more progressive scenarios of culturing meat on cyano-
bacteria-produced media, the impact of cultured meat is very high (Figure 
1). Microalgae-based meat analogues had lower environmental impact than 
beef, such intermediates were not competitive against pork and chicken 
(autotrophic microalgae grown in food grade conditions). Heterotrophic cul-
tivation of microalgae on industrial side-streams or underutilised but safe 
organic matter has a potential to result in more sustainable meat substi-
tutes comparable in impact to analogues based on insects, plants or chick-
en. Legal requirements for treating insects as livestock animals increase the 
impact of insect-based meat substitutes (need to grow insects on animal 
feed) to the levels of lower impact range of chicken. Similarly to microalgae, 
environmental impact of insect can be improved if they are grown on wastes 

or food industry side streams. Plant-based meat analogues were the most 
environmentally beneficial type of meat substitutes (nutritional properties 
are not similar however). The results were very sensitive to the changes of 
FU. Midpoint impact category results were the same order of magnitude as 
some previously published work, although wide ranges of possible results 
and system boundaries made the comparison with literature data challeng-
ing.
Conclusion
The results of the comparison were highly dependable on selected FU. 
Therefore, the proposed comparison with different integrative FU indicated 
the lowest impact of plant-based meat substitutes (which corresponds to 
other studies). Analyses of insect meat substitutes corresponds with oth-
er findings in the literature, indicating insect-based intermediate as more 
sustainable than fresh chicken meat. Insect-based meat substitutes have 
a potential to be more sustainable with the use of more advanced growing 
and processing techniques. Contradictory to other publications modelling of 
culture meat production on industrial level and analysis of economic and en-
vironmental efficiency of cellular meat production indicated its lower efficien-
cy in terms of resource use (higher price and higher environmental impact) 
comparing to conventional beef production. Upscaling of cultured meat pro-
duction and identification of reliable and cheap cultured media would make 
it environmentally competitive to the upper impact boundaries of beef. The 
consequential LCA indicated that transforming organic residuals into meat 
substitute biomass could result in lower environmental impacts if compost-
ing or anaerobic digestion (as a waste treatment technology) is avoided.
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Figure 1. 
Environmental impact of meat substitutes 
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Pre-rigor processing of cooked ham without added phosphates reduces technological quality problems (#335)

Xavier Serra1, Pere Gou1, Albert Brun2, Jacint Arnau1

1 IRTA (XaRTA), Food Technology, Monells, Spain; 2 IRTA (XaRTA), Product Quality, Monells, Spain

Introduction
Technological quality problems in cooked hams (cooking loss, texture and 
colour)  related to PSE and PSE-like destructured zones, have important 
economic and product quality impacts for meat processors [1, 2]. Pre-rigor 
NaCl brine injection can improve meat quality by decreasing high pre-rigor 
temperature [3] and by inhibiting post-mortem glycolysis and actomyosin 
formation [4, 5]. The purpose of the present study was to evaluate the effect 
of pre-rigor processing in the technological and sensory quality of cooked 
hams elaborated without added phosphates.
Methods
Three male (experiment 1, Exp.1) and three female (experiment 2, Exp.2) 
Pietrain×(Landrace×Large White) crossbred pigs were stunned (90% CO2) 
and slaughtered individually at IRTA Monells slaughterhouse. The right hams 
(pre-rigor) were hot-boned and trimmed at 30 min post-mortem (p.m.), 
weighed, mechanically tenderized (roller-prongs) and injected within 45 min 
p.m. with a spray meat injector, and tenderized again. Subsequently, each 
ham was individually tumbled  (Exp.1: 60 min, 14 rpm, Exp.2: 20 min, 14 
rpm), followed by tumbling of the grouped hams. Muscles of the same ham 
were labelled using colour strings. All hams were injected to 120% of their 
initial weight with a brine without phosphates, containing 87.6% water, 10.8% 
NaCl, 1.2% dextrose, 0.3% sodium ascorbate and 0.09% sodium nitrite. The 
temperature of the brine injected in pre-rigor hams was +13ºC. The left hams 
(post-rigor) were removed from the refrigerated carcass at 24 h p.m. 
and were processed following the same procedure as in pre-rigor hams, but 
with the brine injected at -3ºC.
In Exp.1, hams were tumbled 1470 cycles with a total maturation time (after 
injection) of 6 days (pre-rigor) and 5 days (post-rigor). After, 6.3 kg hams 
were vacuum-packed in cook-in shrink bags and cooked in stainless steel 
moulds at 68ºC until reaching 66ºC core temperature. In Exp.2, hams were 
tumbled 2800 cycles with a total maturation time of 3 days (pre-rigor) and 
2 days (post-rigor), and 6.8 kg hams were cooked at 70ºC (68ºC core). Af-
ter cooking, all hams were cooled with a water shower (15ºC, 20 min) and 
stored refrigerated (2ºC).
The pH of left hams was measured at 45 min p.m. in Semimembranosus (SM) 
(pH45SM) and at 24 h p.m. (pH24SM). Cooking yield was expressed as per-
centage of initial weight after cooking. Cooked-ham pH (penetration elec-
trode) was measured in a central cut of the ham. A Quantitative Descriptive 
Analysis was performed in 6 sessions in 2-mm thick slices assessing the 

following attributes: odour intensity, presence of holes, destructured zones, 
redness, colour homogeneity, slice consistency, flavour intensity, sweetness, 
saltiness, astringency, hardness, elasticity, cohesiveness, juiciness, pasti-
ness and fibrousness. The two hams of one animal were assessed in each 
session. An analysis of variance was performed with the SAS 9.4 GLM pro-
cedure. The model included animal and treatment as fixed effects. Average 
scores for each sensory attribute were used.
Results
Average carcass weights (Mean ±SD) were 92.9 ±2.5 kg (Exp.1) and 90.1 ±6.4 
kg (Exp.2). Regarding meat quality characteristics, pH45SM were 6.32 ±0.10 
(Exp.1) and 6.72 ±0.03 (Exp.2), whereas pH24SM were 5.58 ±0.04 (Exp.1) and 
5.46 ±0.03 (Exp.2). Results (Table 1) show a significant effect of pre-rigor 
processing (30-45 min p.m.) in cooking loss in both experiments. Cooking 
loss differences between pre- and post-rigor hams were much higher in 
Exp.2, probably due to its lower pH24SM, shorter maturation time and higher 
cooking temperature with respect to Exp.1. Pre-rigor cooked hams showed a 
significantly higher pH of the final product in both experiments, which could 
be explained by an earlier p.m. anaerobic glycolysis arrest due to the NaCl 
brine injection [3, 4, 5]. In general, regarding the sensory attributes of cooked 
hams, similar results were found in both experiments. Pre-rigor processing 
significantly improved the technological quality [3, 5] of cooked hams by 
reducing the presence of holes and destructured zones (Fig. 1). It also in-
creased odour intensity (Exp.2), redness, colour homogeneity and slice con-
sistency. Pre-rigor processed hams also showed significantly lower astrin-
gency and higher elasticity and cohesiveness scores than post-rigor hams.
Conclusion
Despite the important organisational changes required at the slaughter and 
carcass processing lines, pre-rigor ham processing could allow using pig 
breeds and lines with good productive traits (feed intake, growth efficiency, 
carcass yield and lean percentage), but with poor technological meat quality 
(if processed post-rigor), to produce high quality cooked ham without added 
phosphates.
Funding Acknowledgment
The CERCA Programme / Generalitat de Catalunya and the INIA project 
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Table 1

 
Fig. 1. Post-rigor and pre-rigor processed cooked hams without added 
phosphates. Experiment 1: (A) post-rigor and (B) pre-rigor cooked 
hams of the same animal. Experiment 2: (C) post-rigor and (D) 
pre-rigor cooked hams of the same animal.
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Influence of lard-based diacylglycerol on water distribution and microstructural properties od thermally induced 
gels of porcine myfibrillar protein at different NaCl concentration (#238)

Xinxin Zhao, Baohua Kong
Northeast Agricultural University, Department of Food Science, Harbin, China

Introduction
Myofibrillar protein (MP) gelation plays an important role in the characteris-
tics of processed meat products. The gel formation of MP is influenced by 
many factors, and one of the most important factors is salt concentration. 
Addition of fat to meat products has a strong effect on the physicochemical 
properties. However, overconsumption of lard has been shown to cause life-
style-related diseases. Triacylglycerol (TG) as the primary component of lard 
can be transformed into diacylglycerol (DG) through the enzymatic glycer-
olysis. DG have unique nutritional properties and health benefits, as well as 
specific physicochemical properties compared to TG. The objective of this 
study was to investigate the effects of lard-based DG on the water mobility 
and microstructural properties of thermally induced pork MP gels at a differ-
ent NaCl concentrations.
Methods
Lard-based (DG) was synthesized according to the procedure of Zhao et al. 
[1]. After the reaction, DG was collected by filtration to remove lipase and the 
DG content was 46.91%, corresponding to unpurified DG (UDG). To obtain 
a high purity of DG, wiped film molecular distillation (SPE10, manufactured 
in Haiyuan Biochemical Equipment Co. Ltd., Wuxi, China) was carried out in 
two steps. Myofibrillar protein (MP) was extracted according to the proce-
dure of Xia et al. [2]. For the emulsion gels system, a 1% MP solution and a 
6% MP solution were prepared in 50 mM piperazine-1, 4 bisethanesulfonic 
acid (PIPES) (pH 6.0) at various NaCl concentrations (0, 0.1, 0.3, and 0.6 M). 
The pre-emulsion was obtained by the homogenization of the mixture of 
completely melted pork fats (4.2 g of lard, UDG or PDG) and 1% MP solu-
tion (16 g) for 1 min with an IKA T18 Ultra-Turrax (IKA-Werke GmbH & Co., 
Staufen, Germany) at a speed of 17,000 r/min. Then, the pre-emulsion was 
immediately added to the 6% MP solution by gently stirring with a glass 
rod to prepare the mixtures containing the final protein concentration of 4% 
(w/w) and the final fat content of 8% (w/w). Each of composites were stored 
at 4 °C for one nigh to ensure the complete hydration of the protein [3]. The 
composites were heated in a water-bath at 75 °C for 20 min. After heating, 
the formed gels were immediately cooled in crushed ice for 3 h and were 
equilibrated at room temperature for 30 min prior to further analysis. The 
transverse relaxation time (T2) measurements of the composite gels were 
performed using a Bruker low field nuclear magnetic resonance (LF-NMR) 
analyser minispec mq 20 (Bruker Corp., Germany). The microstructure of the 

composite gels was studied using a Hitachi-S-3400N field emission scan-
ning electron microscope (SEM) (Hitachi High Technologies Corp., Tokyo, 
Japan) according to the procedure of Niu et al. [4].
Results
Fig. 1 and Table 1 show the distribution of T2 relaxation times and T2 relative 
peak areas of MP gels with or without fats at different NaCl concentrations. 
The LF-NMR curves exhibited one or two different forms of trapped water 
(T21a and T21b). T21a water was more tightly entrapped within the gel network 
than T21b [5]. The increase in NaCl concentration and the addition of UDG 
or PDG caused an increase in T21 relaxation times and reduction in T22 re-
laxation times. As shown in Table 1, as the concentration of NaCl increased 
from 0 M to 0.6 M, the relative area A21 values significantly increased (P 
< 0.05). The results indicated that the relative content of entrapped water 
increased and the relative content of free water decreased. Compared to 
the pure MP gels, the composite gels with fat resulted in significantly lower 
(P < 0.05) T21 relaxation times. Meanwhile, the relative area in A21 of UDG- 
and PDG-composite gels were significantly higher than those of control and 
lard-composite gels. By comparison, the relative area in A22 of samples at 
different NaCl concentrations and addition different fats exerted an opposite 
trend to corresponding the relative area A21 values. As shown in Fig. 2, the 
gels appeared as a more compact and homogeneous gel structure when 
the NaCl concentration increased. Compared with the MP alone, relative-
ly compact and homogeneous protein matrices with fat globules and small 
pores were observed in the gels with fats. Moreover, smaller fat globules 
for UDG- and PDG-composite gels were observed compared with that of 
lard-composite gels.
Conclusion
The results revealed that an increase in the NaCl concentrations and addi-
tion of UDG or PDG improve the gel-forming ability and gel quality. In gener-
al, lard-based DG could be used as a potential functionality-enhanced oil to 
improve the quality of comminuted meat products.
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Table 1
Distributions of T2 relative peak areas of gels prepared with myo-
fibrillar protein (MP) alon

 
Fig. 1. 
Distribution analysis of LF NMR T2 relaxation times of gels prepared 
with myofibrillar prote

 
Fig. 2.
Scanning electron micrographs (magnification: 1000×) of gels prepared 
with myofibrillar prot
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Generation of nitrite in meat batter by remote infusion of atmospheric pressure plasma (#284)

Seonmin Lee1, Kyung Jo1, Yun-sang Choi2, Heejoon Jeon3, Samooel Jung1

1 Chungnam National University, Animal&dairy science, Daejeon, South Korea; 2 Korean Food Research Institute, Research group of food processing, Jeonju, South Korea; 3 Lotte R&D Center, Meat 
Processing Division, Seoul, South Korea

Introduction
Plasmas are ionized gases including positive and negative ions, electrons, 
metastables, atoms, free radicals, and photons, which are generated by sup-
plying energy such as thermal energy, energetic beam, and electric field to 
neutral gas. The role of atmospheric pressure plasma (APP) as a curing pro-
cess in the meat industry has been reported based on the nitrite generation 
by reactions between reactive nitrogen species in plasma and water mole-
cules.
Previous studies found the gradual increase of nitrite content in meat batter 
with the increase of APP treatment time. However, the temperature of the 
meat batter was also gradually increased because of heat absorption from 
plasma and plasma discharge source. Therefore, the optimum level of nitrite 
that could be generated in meat batter by direct treatment of APP was 42 mg 
kg-1 when the recommended temperature (lower than 13°C ) of meat batter 
was considered. The regulations of ingoing nitrite for cured meat products 
are different depending on the country and categories of meat products. The 
allowed levels of ingoing nitrite for comminuted products in the European 
Union and the United State were 150 and 156 mg kg-1 (as sodium nitrite), re-
spectively. South Korea limit residual nitrite less than 70 mg kg-1 in all cured 
meat products. The nitrite can develop cured color and flavor in cured meat 
products at a low level as much as 10 mg kg-1, however, it is recommended 
to add nitrite as much as is allowed for obtaining microbial safety. Therefore, 
the way to increase nitrite level of meat batter up to allowed level by the 
treatment of APP with the allowed temperature of meat batter have been 
required.
Therefore, the remote treatment of APP was applied as a curing process 
for meat products in this study. The nitrite content and temperature of meat 
batter were tested with the remote APP treatment.
Methods
The plasma generated from cylindrical dielectric-barrier discharge was in-
fused into a food mixer containing meat batter (Figure 1). The remote infusion 
of APP into meat batter were three times conducted on the same day with 1 
h intervals, and this test was three times repeated in independent days. Meat 
batter samples were collected from three areas of the meat batter at 5-min 
intervals during plasma treatment over 30 min. The nitrite concentration of 
the meat batter was measured. The temperature of meat batter during mixing 
in a food mixer with or without the infusion of APP was measured at 5-min 

intervals for 20 min. The effect of plasma infusion and infusion time on the 
nitrite content and the meat batter temperature was analyzed using linear 
regression models with SAS software.
Results
The nitrite contents of meat batter with the infusion of plasma were nine 
times (3 operations x 3 trial). The regression analysis showed that the order 
of operations had a significant effect on the nitrite generation in meat batter 
(P<0.05) while a significant effect was not found in the trial. The first oper-
ations of three trials resulted in the low generation of nitrite compared with 
second and third operations (Figure 2).
After the exception of first operation data, no significant effect of operation 
order on the nitrite generation was found. The estimated coefficient of infu-
sion time (min) for nitrite content (mM) in meat batter was 0.471 and adjusted 
R-square was 0.983 (Figure 2). The required time for the generation of 100 
ppm nitrite in 3.2 kg of meat batter by remote infusion of plasma in our labo-
ratory APP system was 14.78 min after pre-operation.
The temperature of meat batter was gradually increased regardless of plas-
ma infusion with the increase of mixing time (Figure 3). The result of the 
regression analysis showed that the plasma infusion raised the temperature 
of meat batter further significantly. In this study, the target level of nitrite in 
meat batter was 100 mg kg–1. The required infusion time of plasma was 14.78 
min for 3.2 kg meat batter, and the meat batter temperature was 9.2°C after 
15 min infusion of plasma. From the results, it was found that the remote infu-
sion of plasma had a high and rapid rate for nitrite generation in meat batter 
compared with the direct treatment of plasma.
Conclusion
The remote infusion of APP into meat batter had a high and rapid rate for 
nitrite generation in meat batter compared with the direct treatment of plas-
ma. In addition, the temperature rise in meat batter was small until the 100 
mg kg-1 nitrite generation. Therefore, we conclude that the remote infusion 
of APP is more applicable system for curing of meat products in processed 
meat industry.
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Fig 3. The changes of meat batter temperature with  or without  the 
remote infusion of APP t-value for plasma treatment; 5.27 (p<0.05), 
t-value for mixing time; 16.33 (p<0.05)

 
Fig 2. The nitrite content of meat batter with the remote infusion 
of APP (3 operation x 3 trials) t-value for operation order; 3.81 
(p<0.05), t-value for infusion time without first operation data; 
48.65 (p<0.05) 

 
Fig 1. The system for remote infusion of APP into a food mixer con-
taining meat batter
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Evolution of instrumental colour coordinates (CIE L*a*b*) in vacuum-packaged Iberian dry-cured loin as affected 
by nitrate/nitrite reduction and hydrostatic high pressure processing (#376)

Nieves Higuero1, Jesús J. Garcia2, María C. Vidal-Aragon3, Ramón Cava1

1 University of Extremadura, INBio G+C, Caceres, Spain; 2 CICYTEX, INTAEX, Badajoz, Spain; 3 University of Extremadura, Centro Universitario Santa Ana, Almendralejo, Spain; 4 University of Extremad-
ura, INBio G+C, Caceres, Spain

Introduction
Nitrates and nitrites are currently authorised as food additives within the EU. 
Both of them are recognized for their function as preservatives in meat and 
meat products and providing the characteristic reddish colour and flavour of 
cured meats. Nitrite improves meat safety by inhibiting the growth of micro-
organism, such as Clostridium botulinum and other pathogenic bacteria. High 
hydrostatic pressure processing (HHPP) in dry cured meats allows to obtain 
minimally-processed meats, preservative-free products, while maintaining 
consistent sensory attributes over an extended shelf life, and still assuring 
product safety.
The aim of this study was to evaluate the instrumental colour coordinates 
(CIE L*a*b*) changes during cold storage of Iberian dry-cured loins formulat-
ed with reduced levels of nitrate/nitrite and processed with hydrostatic high 
pressure processing.
Methods
Iberian dry-cured loins.  Four batches of Iberian dry-cured loins 
were manufactured, according to a traditional process for this type of prod-
ucts, with decreasing amounts of added  nitrite/nitrate: 1. 100% NO2

-/
NO3

- (150 mg/Kg NO2
- + 150 mg/Kg NO3

-), 2. 50% reduc-
tion NO2

-/NO3
- (75 mg/Kg NO2

-+ 75 mg/Kg NO3
-), 3. 75% 

reduction NO2
-/NO3

- (37.5 mg/Kg NO2
-+ 37.5 mg/Kg NO3

-

) and 4. no NO2
-/NO3

-added (0 mg/Kg NO2
-/NO3

-). Loins were 
seasoned by rubbing a mixture of salt, ascorbate and potassium nitrate and 
sodium nitrite and spanish paprika. All batches followed a usual drying-rip-
ening process.
At the end of processing, dry-cured loins from the experimental groups were 
portioned and divided in: 1. Control and 2. Hydrostatic High-Pres-
sure-Processing (HHPP) and were vacuum packed.
Hydrostatic high pressure processing.  Dry-cured loins were 
pressurised in a semi-industrial hydrostatic pressure unit  (Hiperbaric Wave 
6000/55; Burgos, Spain) and processed at 600 MPa - 7 min. 
Storage. Loin samples (150, 75, 37.5 and 0 mg/Kg NO2

-/NO3
-) from con-

trol and HHPP batches were stored at +4ºC. At days 0, 30, 60 and 120 of 
chilled storage samples were taken.
Instrumental colour determination. Measurements were done fol-
lowing the recommendations of the AMSA. Colour coordinates were mea-

sured using a Minolta CR-300 colorimeter (Minolta Camera, Osaka, Japan) 
with an illuminant D65, a 0ostandard observer and 0.8 cm port/viewing area. 
The colorimeter was standardized before use  (CR-A43,  CM-A182). Nine 
measurements were taken in randomly selected sites on each slice of sam-
ple and mean values were calculated. Lightness (L*), redness (a*) and yel-
lowness (b*) colour coordinates were determined. In addition, the psycho-
physical magnitudes hue angle (Ho= atanb*/a*·360/2π), and the saturation 
index or chroma (C*) (C= (a*2+b*2)0.5) were calculated.
Statistical analysis.  Instrumental colour values were analysed by a 
Two-Ways Analysis of Variance with interaction procedure using SPSS sta-
tistical software. There were five replicates per different treatment and time 
of storage. Tukey’s test was used to compare differences among mean val-
ues of the treatments when MANOVA showed significance. Mean values 
and standard error of the mean were reported.
Results
CIE L*a*b* values   were affected differently by the added nitrate/nitrite lev-
el or HHPP (Table 1). In this way, no effect was found  on CIE L * due 
to the level of  added NO3

-/NO2
- but due to HHPP. In contrast, the values   

of a * and b * were affected by added NO3
-/NO2

-  and to a lesser extent 
by HHPP. Thereby, CIE L* values were significantly higher in HHPP sam-
ples than in those non-treated (control) at day 30, 60 and 120 resulting in 
lighter samples. In all sampling days, loins without added NO3

-/NO2
- (0 mg/

Kg) showed lower CIE a*-values indicating a lower redness. No differences 
were found within batches with different level of added NO3

-/NO2
- (37.5, 75 

and 150 mg/Kg). HHPP only changed CIE a*-value at day 0 and 60. CIE 
b*-values were not affected by HHPP at day 30, 60 and 120. In those loins 
with NO3

-/NO2
- (37.5, 75 and 150 mg/Kg) no differences were found as a 

result of the added level. At day 30 and 60 of storage, CIE b*-values of loins 
without NO3

-/NO2
-were significantly higher than in those with 150 mg/kg 

NO3
-/NO2

-.
Regarding psychophysical variables (Table 2), NO3

-/NO2
- addition to for-

mulation of Iberian dry-cured loins did not significantly affect C* values at 
any of time of sampling. Control samples showed a significantly lower chro-
ma value at day 0; however, HHPP significantly reduced C*-value at day 60 
of refrigerated storage. In contrast, hue values did significantly change as a 
consequence of the level of NO3

-/NO2
- adde. Thus, highest ºH-values 
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(p<0.05) were found in loins without added NO3

-/NO2
-at day 30, 60 and 120 

of chilled storage while HPPP did not affect hue values.
Conclusion
Removal of NO3

-/NO2
- from Iberian dry-cured loins produces less red-co-

loured loins during chilled storage. It is possible to reduce at 37.5 mg/kg add-
ed NO3

-/NO2
-
 without changes in instrumental colour with respect to loins 

with 150 mg/kg NO3
-/NO2

- added. HHPP is a useful technology in reduced 
or removed NO3

-/NO2
-  in Iberian dry-cured Iberian loins due to the lack of 

effect on colour changes. 
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Table 1. Intrumental color parameters (CIE L*a*b*) of Iberian dry-cured 
loins Effect of nitrate-nitrite addition and hydrostatic high pressure 
processing on intrumental color paramenters (CIE L*a*b*) of Iberian 
dry-cured loins throughout cold storage. a,b: means with different 
letter are statistically different (Tukey’s test, p<0.005) *: p<0.05; 
**: p<0.01; p<0.001 

 

Table 2. Chroma and hue of Iberian dry-cured loins
Effect of nitrate-nitrite addition and hydrostatic high pressure pro-
cessing on chroma and hue of Iberian dry-cured loins throughout cold 
storage. a,b: means with different letter are statistically different 
(Tukey’s test, p<0.005) *: p<0.05; **: p<0.01; p<0.001
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An ai-based aggressive behavior detection method for pig monitoring system (#85)

Chi-Ting Ni1, Kiat Siong Ng1, Hsiao-Yuan Su1, Pei-Yin Chen1, Shen Chang Chang2

1 National Cheng Kung University, Dept. of Computer Science and Information Engineering, Tainan, Taiwan; 2 Council of Agriculture/Livestock Research Institute, Kaohsiung Animal Propagation Station, 
Pingtung, Taiwan

Introduction
In Taiwan, the average annual meat consumption per person is 78 Kg where 
pork accounts for approximately 48%. Since the proportion of imported pork 
is less than 10%, domestic pig farms play an important role in pork supply. 
Along with the declining birthrate and changes in industrial structure, work-
ers engaging the livestock industry have experienced significantly negative 
growth and aging trend. Additionally, the pandemic of swine flu has caused 
many unpredictable losses in recent years. As the statistic shows, it is an 
important and inevitable trend to use smart technology to assist farmers to 
secure birthrate of pig and reduce losses.
Recently, we construct an  IoT  (internet of thing) system to monitor the 
pig farm. The main goal of the system is to reduce the necessary farming 
manpower and provide a better living environment for pigs with the cur-
rent IoT techniques. Fig. 1(a) shows the basic architecture of our pig monitor-
ing system. Multiple sensors are installed to monitor the air quality (hydrogen 
sulfide, biogas, ammonia, PM2.5, carbon dioxide concentration, temperature 
and humidity) of pig sheds and record the feeding and drinking frequency of 
pigs. A camera and a microphone are embedded in the roof to catch images 
and sounds for observing. Finally, an edge computer is used to process all 
data (sensors’ signals, sounds and images) and  to communicate with the 
remote server. The whole system was set up in a real pig farm two months 
ago and the picture of practical layout is as shown in Fig. 1(b).
In a pig farm, a pig with aggressive behavior should be isolated to protect 
other pigs. Since pig aggressive behavior is one of the most important con-
cerns for a pig farmer, we adopt image processing and Artificial Intelligence 
(AI) techniques, and propose a pig aggressive behavior detection method 
in this paper. The experiments show that we can achieve good detection 
results without human involved. Currently, other sensing data in our exper-
imental field is  under  processing  andanalyzing.  With the help of AI tech-
niques, hopefully we can complete the whole control strategy to maintain the 
healthy environment for pig nursing in the near future.
Methods
To detect aggressive behavior of pigs, we adopt an AI-basedimage process-
ing technique in the system. Since the height of each shed is limited,  it  is 
not suitable to use a normal lens to capture the whole group of pigs in the 
shed. Therefore, a five mega pixels camera with 2.8 mm wide-angle lens is 
installed at 2 meters high from the ground, which is used to capture 3 m2 full 

size of the shed area. However, images captured by wide-angle lens suffer 
from barrel distortion (or fisheye effect) . It means that the outer regions of 
the image are compressed more than the inner one. First, a proper  image 
processing method is realized to correct barrel distortion, then an AI-based 
method is used to detect the aggressive behaviorin the current image. 
Training and Detecting are the two important processes in AI applications. 
We  adopt  Tensorflow  Object Detection API, an AI tool provided by Goo-
gle, in our detection system. Here, we label the pigs, heads, and tails in the 
image for AI training. The faster R-CNN ResNet-101 is implemented as the 
training and detecting model. First, the model will resize the images and go 
through the Convolutional Neural Network (CNN) layers to obtain the fea-
ture maps. Next, the Region Proposal Networks (RPN) divides several an-
chor points on the feature maps and uses each box of different proportions 
and sizes to score each anchor point. After that, the most likely bounding 
boxes and a score of the object will be generated. The Region Of Interest 
(ROI) pooling will map the coordinates obtained in the feature maps and then 
divide them into a number of sections for the max pooling process in order to 
obtain the same size feature maps. Finally, the Fully Connected layer (FCL) 
integrates the abstracted features that have been convolved and normalized, 
then outputs theprobability of aggressive behavior in the current image.
Results
In the experiments, we use 217 images containing 637 pigs, 414 heads and 
516 tails to train the detection model. To evaluate the accuracy, 71 imag-
es containing 172 pigs, 171 heads and 84 tails are used for the detection. The 
average accuracy rate of pigs, heads and tails detection is around 93%, 84% 
and 86%, respectively. As shown in Fig. 3, there are 3 pigs in the shed and 
our system can detect them effectively. Specifically, the green box indicates 
the pig is detected, pink box represents head and yellow box is tail.
Conclusion
The result shows that we achieve a favorable detection result in the experi-
ments. In other words, our system can monitor the behavior of pigs without 
human involving. Currently, other sensing data in our experimental field is un-
der processing and analyzing . With the help of AI techniques, hopefully we 
can complete the whole control strategy to maintain the healthy environment 
for pig nursing in the near future. The goal of our design is not only to reduce 
the cost of labors but also to improve the growing conditions of pigs in the 
livestock industry.
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Fig. 2. The detection process of AI

 
Fig. 1. (a)The system architecture of pigs monitoring; (b)The actu-
al experimental environment The actual experimental field located 
at Livestock Research Institute (Ping Tung, Taiwan) 

 
Fig. 3. The detection results of pigs, head and tail 
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Seaweed in lamb diet – Oxidative stability and consumer preferences (#237)
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Introduction
Seaweeds have been used as a valuable feed for ruminants in coastal re-
gions of North Atlantic Europe due to feed shortage. Renewed interest in 
seaweed as feed ingredient is due to richness of minerals, complex carbohy-
drates, n-3 and n-6 fatty acids, vitamins, pigments and bioactive compounds 
evaluated as prebiotics1. Additionally, in vitro studies showed that seaweed 
decrease ruminal methane production2. There are limited data on the effect 
of seaweed on storage stability and sensory quality of lamb meat. We in-
vestigated the effect of seaweed in growing-finishing lamb diet on oxidative 
stability and consumer’s odor perception.
Methods
Sixteen female Norwegian White lambs (mean ± SD; 37.3±1.67 kg) were al-
located from pasture in two groups: control diet (C; concentrate and forage) 
and seaweed diet (S; concentrate, forage and 5% seaweed Saccharina latis-
sima on dry matter basis) over 35 days. Loin and subcutaneous fat obtained 
3 days postmortem were vacuumed and stored either as fresh (at -80℃) or 
at 4℃. Oxidative stability analyses were performed after 4 weeks of storage.
Total antioxidant capacity 2,2-diphenyl-1-picrylhydrazyl (DPPH) and thiobar-
bituric acid reactive substances (TBARS) analysis were assessed on loin.
Headspace volatiles of 5 g intact fat were sampled at 30℃ on Micro-Cham-
ber M-CTE250 (Markes, UK) using Tenax tubes. Analysis were done by 
Gas Chromatograph 6890 (Agilent Technologies, USA) equipped with DB 
- WAXetr fused silica capillary column (30 m×0.25 mm i.d., 0.5 µm film thick-
ness; J&W Scientific, USA) and ion source Agilent 5975. Data were analyzed 
by MassHunter Qual using Correlator for volatile alignment. The volatiles 
were identified by NIST17.
Consumer panelists (n=150) were served two different lamb meat balls (1.6% 
NaCl, ℃ 13% of fat) prepared in a steam heater at 72 °C and packed in zip-
lock bags. Consumers were asked to describe odor after opening the bag.
General linear model (MINITAB 18) and principal component analysis 
(weighted A/SDev+B, Unscrambler X10.5) were used to identify differences 
between dietary groups.
Results
 Supplementation of lamb diet with 5% seaweed reduced lipid oxidation (Ta-
ble 1). The antioxidant capacity of meat was not affected by the diet and 
storage (P > 0.05), although seaweed increased antioxidative power. Due 
to large DPPH variations between animals from the same diet group, we 
speculated that bioactive compounds from pasture affect antioxidant status 

of the muscle more than the seaweed.
Multivariate analysis showed differences between the two diets and asso-
ciation with volatiles and odor characteristics (Fig.1). Consumers described 
odor of Control (C) group as good, mild and bullion. The fat volatile com-
pounds that may have contributed to these attributes have sweet, fruity and 
umami notes, i.e. toluene, 2-butanone, methyl isovalerate, nonanoic acid, 
methyl ester and 1-octen-3-ol. Lamb/sheep odor and toluene, as indicators 
of pasture fed lamb3, of C group indicate that growing-finishing diet could 
not diminish the effect of prior pasture diet. 1-octen-3-ol, oxidative product 
of C18:3 n-3, contributed to volatile profile of C group although no difference 
was found in fatty acids (data not shown) for two diets. Seaweed (S) group 
was described with meaty, acidic and tart odor, clustered with organic acids 
(acidic, cheesy, pungent), acetophenone and butyrolactone (sweet), 1-do-
decanol (fatty), and benzonitrile (almond taste). Sea, salty and strong/spicy/
herbal odor was more associated with S group due to frequency of used 
attributes to describe meat odor by consumers. Higher content of phenol in 
S group (P < 0.05) is expected to contribute to lamb spiciness, as reported 
in the consumer study.
Modified flavor was used to describe Kaaro lamb flavor that originates from 
fragrant bushes in North Cape region4. Similar, Icelandic lamb fed with An-
gelica archangelica are marketed with reference to its modified flavor5.
Conclusion
Current study reveal that oxidative stability of lamb meat and flavoring vola-
tiles were affected by endogenous (i.e. feed and genetics) prooxidants and 
antioxidants. Inclusion of 5% seaweed in lamb diet 35 days prior to slaugh-
tering gave a unique meat odor and could be used in production of distinc-
tive lamb meat on the market.
1 Makkar, H.P.S., Tran, G., Heuzé, V., Giger-Reverdin, S., Lessire, M., Lebas, F., 
Ankers, P. 2015. Seaweeds for livestock diets: A review. Anim. Feed Sci.Tech., 
1-17.
2 Maia, M. R. G., Fonseca, A. J. M., Oliveira, H. M., Mendonça, C., Cabrita, A. R. J. 
2016. The potential role of seaweeds in the natural manipulation of rumen fer-
mentation and methane production. Sci. Reports, 6, 32321.
3 Sivadier, G., Ratel, J., Engel, E. 2010. Persistence of pasture feeding volatile 
biomarkers in lamb fats, Food Chem., 118, 418-425.
4 Erasmus, S.W., Hoffman, L.C., Muller, M., van der Rijst , M. 2016. Variation in the 
sensory profile of South African Dorper lamb from extensive grazing systems. 
Small Rumin Res., 144, 62-74.



Book of Abstracts | Tuesday, 06 August, 2019 | Animal Production

65th International 
Congress of Meat Science 
and Technology

336

Notes
5 Thorkelsson, G., Jonsdottir, R., Hilmarsson, O. T., Olafsdottir, A., Martinsdottir, E. 
2009. The influence of grazing time on Angelica archangelica on volatile com-
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Figure 1 Figure 1. Principal component analysis of vola-
tiles (●) in subcutaneous fat that showed significant differ-
ence (P < 0.05) between control (C) and seaweed (S) diet and 
odor attributes ( ▓ ) of lamb meat balls  given by consumers. 

 
Table 1. The effect of seaweed in Norwegian White lamb diet on oxidative 
stability of loin
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Animal selection by expected progeny difference influences beef tenderness in bos indicus cattle (#559)

Taiane S. Martins1, Juliana Silva2, Adrielle M. Ferrinho2, Lenise F. Mueller2, Alessandra Bridi2, Juliano C. Silveira2, Mirele D. Poleti2, Tamyres R. Amorim2, 
Julian A. Muñoz2, Mariana B. P. Costa2, Ingrid H. S. Fuzikawa2, Gabriella V. Moura2, Jéssica L. Gemelli2, Pollyana M. Garbossa1, Annelise A. G. Lobo2, 
Mariane Beline2, Vicente L. M. Buarque2, Nara R. B. Cônsolo2, Saulo L. Silva2, Fernando Baldi3, Angélica S. C. Pereira1, The authors are grateful to São 
Paulo Research Foundation (FAPESP), for the scholarship (Grant # 2017/02349 – 1), equipment support (Grant #2014/22887 – 0) and  financial support 
(Grant #2016/17433-5). Thanks are also due to CAPES – Finance Code 001,  and CNPq (Grant #409186/2018-0) for financial support.
1 School of Veterinary Medicine and Animal Science, University of São Paulo (FMVZ/USP), Pirassununga, Brazil; 2 Faculty of Animal Science and Food Engineering, University of São Paulo (FZEA/USP), 
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Introduction
Brazil is the largest commercial cattle producer in the world. However, do-
mestic beef cattle are characterized by low productivity and great variation 
in beef quality (Siqueira et al., 2012). This second aspect can be justified by 
the great Bos indicus fraction found in the genetic base of our cattle. In gen-
erally, Bos indicus present less tender beef and less intramuscular fat when 
compared to Bos taurus (Pereira et al., 2015; Lage et al., 2012), making the 
appreciation of this beef difficult towards the international markets (USDA 
Quality Grade, 2016).
The phenotypic differences related to beef traits can be find within the same 
breed for different pedigree (Smith et al., 2007). That happens as a result 
of the great genetic heterogeneity of the Brazilian herd (Fernandes et al., 
2016), mainly affecting beef tenderness. Thus, the selection of earlier pedi-
grees, presenting superior beef quality can be a profitable investment. For 
this reason, one of the tools used to identify the genetic value of animals is 
the Expected Progeny Difference (EPD).
The goal of this study was to evaluate the mechanisms involved in beef ten-
derness of Nelore cattle progenies from bulls selected by contrasting traits 
for precocity, growth and muscularity, through the EPD as a study tool.
Methods
One hundred and five Nelore bulls (initial weight of 350kg±15kg), 20 months 
of age were confined for 100 days and fed with same diet consisted of corn 
silage, corn grain, ground sorghum, soybean meal, citrus pulp, urea, and 
mineral core. Were selected 32 animals to create the contrasting groups (16 
animals assigned as a low EPD group – LEPD, and 16 animals assigned as 
a high EPD group – HEPD). These animals were selected based on their 
parents EPD, which are divided into two contrasting groups for precocity, 
growth and muscularity (LEPD and HEPD). Longissimus muscle were col-
lected at harvest for analysis of gene expression and frozen in liquid nitro-
gen and stored at −80°C. After, a 24h, chilling period a 2.54 cm thick steaks 
were cut from Longissimus muscle between 12th-13th ribs for Warner-Brat-
zler Shear Force (WBSF) analysis, total collagen content and heat solubility. 
Samples were vacuum packaged and frozen at −18°C until analysis.

The samples were cooked according to AMSA (2015) and the WBSF was 
performed according Wheeler et al. (2001) using a texture analyzer equip-
ment TMS – PRO® (Food Technology Corporation, VA, USA).
Collagen and its heat soluble fraction were estimated from the hydroxypro-
line (OH-Prol) determination (Woessner, 1961). The quantities of OH-Prol in 
soluble and insoluble fractions were multiplied by 7.52 and 7.25, respectively, 
to calculate the collagen content in each (Cross et al., 1973).
RNA was extracted using TRIzol reagent® according to the manufacturer’s 
recommendations. The qPCR reactions were analyzed in Real-Time PCR 
QuantStudio 6. To calculate relative expression, the target genes were nor-
malized to the geometric mean of the GAPDH and β-actin, and the relative 
levels were represented as 2-ΔCt.
The statistical analyses were performed by the proc MIXED SAS® (version 
9.4). The experimental design was completely randomized and were used 
a linear model, including EPD’s groups as fixed effect, and bulls as random 
effect.
Results
The progenies of bulls with contrasting EPD for the precocity, growth 
and muscularity affected beef tenderness (P=0.049; Figure 1). The HEPD 
group presented decreased shear force values when comparing to LEPD 
(72.45±2.54 N and 80.77±3.11 N, respectively).
However, there was no difference in total collagen content (P=0.131) and 
collagen solubility (P=0.098; Figure 2).
Moreover, the groups did not influence the transcript levels of CAST (P= 
0.143), CAPN1 (P=0.432), CAPN2 (P=0.206; Figure 3).
Therefore, to date, there is a lack on the validation of genes in beef of high 
and low EPD progenies. Thus, it is necessary to keep studying these traits in 
Bosindicus cattle under tropical conditions, in order to elucidate the genetic 
architecture of carcass and meat quality of this animals.
Conclusion
Animal selection by EPD influences beef tenderness in Bos indicus cattle. 
The beef produce by HEPD group is more tender than LEPD. The results of 
this study suggest that the groups of different EPD have different physiolog
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ical and molecular mechanisms that contribute to the observed phenotype 
in their progenies. However, this phenotype is not due to the differences in 
expression of the CAPN1, CAPN2 and CAST genes, and by the collagen sol-
ubility. Nevertheless, other proteolytic systems, besides calpain-calpastatin, 
may be involved in meat tenderization (Ouali et al., 2006), such as caspase 
systems (CASP) and heat shock proteins (HSP) (Ouali et al., 2013; Saccá et 
al., 2018) among others.
References
AMERICAN MEAT SCIENCE ASSOCIATION – AMSA. Research 
guidelines for cookery, sensory evaluation, and instru-
mental tenderness measurements of meat. 2. ed. Champaign: 
AMSA, v. 1, 2015.
CROSS, H. R., CARPENTER, Z. L.; SMITH, G. C. Effects of intramuscular col-
lagen and elastin on bovine muscle tenderness. Journal of Food Sci-
ence, v. 38, p. 998–1003, 1973.
FERNANDES JÚNIOR, G. A.; COSTA, R. B.; CAMARGO, G. M. F.; CARVAL-
HEIRO, R.;   ROSA, G. J. M.; BALDI, F.; GARCIA, D. A. ;   GORDO, D. G. M. 
;   ESPIGOLAN, R.;   TAKADA, L.;   MAGALHÃES, A. F. B. ; BRESOLIN, T; 
FEITOSA, F. L. B. ;  CHARDULO, L. A. L. ;  OLIVEIRA, H. N. ; ALBUQUER-
QUE, L. G. Genome scan for postmortem carcass traits in Nellore cattle, 
Journal of Animal Science, v. 94, p. 4087–4095, 2016.
LAGE, J.F.; PAULINO, P.V.R.; VALADARES FILHO, S.C.; SOUZA, E.J.O.; DU-
ARTE, M.S., BENEDETI, P.D.B.; SOUZA, N. K.; COX, R.B. Influence of genetic 
type and level of concentrate in the finishing diet on carcass and meat qual-
ity traits in beef heifers.  Meat Science, v.90, p. 770-774, 2012.
OUALI, A.; GAGAOUA, M.; BOUDIDA, Y.; BECILA, S.; BOUDJELLAL, A.; 
HERRERA-MENDEZ, C. H.; SENTANDREU, M. A. Biomarkers of meat ten-
derness: present knowledge and perspectives in regards to our current un-
derstanding of the mechanisms involved. Meat Science, v. 95, p. 854-
870, 2013.
OUALI, A.; HERRERA-MENDEZ, C. H.; COULIS, G.; BECILA, S.; BOUDJEL-
LAL, A.; AUBRY, L.; SENTANDREU, M. A. Revisiting the conversion of mus-
cle into meat and the underlying mechanisms. Meat Science, v. 74, p. 
44–58, 2006.
PEREIRA, A.S.C.; BALDI, F.; SAINZ, R. D.; UTEMBERGUE, B.L.; CHIAIA, 
H.L.J.; MAGNABOSCO, C.U.; MANICARDI, F. R.; ARAUJO, F. R. C.; GUEDES, 
C. F.; MARGARIDO, R. C.; LEME, P. R.; SOBRAL, P. J. A. Growth perfor-
mance, and carcass and meat quality traits in progeny of Poll Nellore, An-
gus and Brahman sires under tropical conditions. Animal Production 
Science, v. 55, n. 10, p. 1295-1302, 2015.
SACCÁ, E.; OJONG BESSONG, W.; CORAZZIN, M.; BOVOLENTA, S.; PIAS-
ENTIER, E. Comparison of longissimus thoracis physical quality traits and the 
expression of tenderness-related genes between Goudali zebu breed and 
Italian Simmental × Goudali crossbreed. Italian Journal of Animal 
Science, v. 17, p. 851-858, 2018.

SIQUEIRA, J. B.; OBA, E.; PINHO, R. O.; GUIMARÃES, S. E. F.; NETO, T. 
M.; GUIMARÃES, J. D. Testicular shape and andrological aspects of young 
Nellore bulls under extensive farming. Revista Brasileira de Zoo-
tecnia, Viçosa, MG, v. 41, p. 612-617, 2012.
SMITH, T.; DOMINGUE, J.D.; PASCHAL. J.C.; FRANKE, D.E.  Genetic param-
eters for growth and carcass traits of Brahman steers. Journal of Ani-
mal Science, v.85, p. 1377-1384, 2007.
USDA. United States Standards for Grades of Carcass 
Beef, 2016. Disponível em: https://www.ams.usda.gov/grades-stan-
dards/carcass-beef-grades-and-standards Standard Specification for Yield 
Grade.pdf.
WHEELER, T. L.; SHACKELFORD, S. D.; KOOHMARAIE, M. Shear force 
procedures for meat tenderness measurement. Roman L. 
Hruska U. S. Marc. USDA, Clay Center, NE, 2001.
WOESSNER, J. F. The determination of hydroxyproline in tissue and pro-
tein samples containing small proportions of this imino acid. Archives of 
Biochemistry and Biophysics, v. 93, p. 440–447. 1961
. 

 
Figure 2.



Book of Abstracts | Tuesday, 06 August, 2019 | Animal Production

65th International 
Congress of Meat Science 
and Technology

339

Notes

 
Figure 

1.  
Figure 3.



Book of Abstracts | Tuesday, 06 August, 2019 | Animal Production

65th International 
Congress of Meat Science 
and Technology

340

Notes
O-04-04 

Can pre-slaughter stress blood indicators be used to predict dark cutting in lambs? (#520)

Thuthuzelwa Stempa2, Greame Bradley3, Amanda Y. Chulayo1, 2, Voster Muchenje2

1 DOHNE ADI, Department of Rural Development and Agrarian Reform, STUTTERHEIM, South Africa; 2 University of Fort Hare, Livestock and Pasture Sicence, Alice, South Africa; 3 University of Fort 
Hare, Biochemistry and Microbiology, Alice, South Africa

Introduction
Pre-slaughter stress in lambs triggers the hypothalamic-pituitary-adrenal 
axis to release blood stress indicators (glucose, lactate, cortisol, creatine ki-
nase, lactate dehydrogenase) as the body tries to maintain homeostasis thus 
resulting in glycogen reserves being depleted ante-mortem [1]. Low glyco-
gen reserves result in low lactate production during the anaerobic glycogen 
metabolism at post-mortem. Hence, the normal ultimate pH of 5.5 will not 
be reached thus producing meat with the dark-cutting condition [2]. DFD 
meat is characterized by a dark color, lower tenderness, high water hold-
ing capacity and reduced shelf-life since it promotes rapid microbial growth 
making it unacceptable to consumers. The objective of this study was to 
investigate the relationship between ultimate pH and some blood stress in-
dicators at exsanguination.
Methods
A total of 100 ten-month-old Dorper female lambs were humanely slaugh-
tered in a commercial abattoir. Blood samples were collected from each an-
imal within the 30s during exsanguination after stunning and sticking. The 
University of Fort Hare ethics committee approved all experimental proce-
dures for the study (UFH Ethical clearance number: MUC371SSTE01). The 
blood samples for the analysis of glucose and lactate levels were collected 
using 10.0 mL disposable Becton Dickinson vacutainer tubes treated with 
fluoride oxalate (grey top) whereas those for determination of lactate dehy-
drogenase, creatine kinase and heat shock protein 70kDa levels were col-
lected using plasma separating vacutainer tubes (SSTTMII gold top). The 
blood tubes were centrifuged (Model 5403 Centrifuge, Gatenbay Eppendorf 
GmbH, Engelsdorp, Germany) at 21°C for 1000 g for 15 min. The plasma was 
then placed in 1.5-mL Eppendorf tubes and stored at –20°C until analysis 
to avoid loss of bioactivity. Laboratory analysis of plasma glucose and lac-
tate concentrations was carried out using an Olympus AU400 automated 
chemistry analyzer (Olympus Optical Co. Ltd, Melville, NY, USA) and the 
Olympus reagent kit for glucose and lactate (Olympus Cat.No.OSR6193). CK 
and LDH were analyzed using a commercial kit (Kit re-order #442 635: 200 
tests/cartridge). HSPA1A was analyzed using a commercial enzyme-linked 
immunosorbent assay (ELISA) Kit (MBS0334426). Carcass ultimate pH was 
measured on the right side of each carcass by inserting the piercing probe in 
the longissimus muscle between the 12th and 13th ribs at 24 h after slaughter 
using a portable pH meter (Hach HQ11d) which was calibrated in buffers 

with pH 4.00 and 7.00. The data was classified into three groups according 
to carcass ultimate pH (low pHu, 5.50 < pH < 5.90, n =23; intermediate pHu, 
5.90 ≤ pH < 6.10, n = 45; high pHu, pH ≥ 6.10, n = 32) and blood samples 
were analysed using the PROC GLM procedure of SAS (version 9.1, 2009).
Results
The results indicated that there were no significant differences on the levels 
of blood parameters amongst the low, intermediate and high ultimate pH 
groups (Table 1). These results are in contrast with studies by Chulayo et 
al. [3] and Lu et al. [4] who found significant differences in cattle. However, 
the levels of lactate dehydrogenase, creatine kinase, and HASPA1A levels 
were higher in the high ultimate pH group than the intermediate and low ul-
timate pH groups. Furthermore, there were significant negative correlations 
between pH, lactate, and glucose (Table 2). Stempa et al. [2] reported similar 
results, where correlations between pH, glucose, and lactate were observed. 
When lambs are exposed to pre-slaughter stress (loading, transportation, 
and feed withdrawal), activates the sympathoadrenal system, which leads 
to the release of catecholamine by the adrenal medulla. Thus, glycogen from 
the liver rapidly breaks down, and the levels of blood glucose and lactate 
increase which negatively affect the pHu and overall meat quality [5].
Table 1: Means and standard deviations of blood variables in groups with low, 
intermediate and high ultimate pH
Variable Low pHu Intermediate pHu High pHu P value

Lactate (mmol/L) 4.14 ± 0.37 4.39 ± 0.27 4.28 ± 0.32 0.86

Glucose (mmol/L) 4.68 ± 0.24 4.20 ± 0.17 4.35 ± 0.21 0.28

Lactate dehydro-
genase (U/L)

1484.87 ± 56.74 1475.64 ± 40.57 1545.88 ± 48.11 0.51

Creatine Kinase 
(U/L)

360.00 ± 51.79 446.49 ± 37.02 462.53 ± 43.91 0.28

HSPA1A (ng/ml) 22.09 ± 7.04 22.97 ± 5.03 27.49 ± 5.97 0.80

HSPA1A – Heat Shock Proteins 70kDa, U/L – Units per liter
 
Table 2: Correlation coefficients among blood variables at exsanguination
 
  pH Lactate Glucose LDH CK HSPA1A

pH 1          

Lactate -0.93* 1        

Glucose -0.62* 0.01 1      

LDH 0.36 0.02 -0.16 1    
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CK 0.12 -0.92*** -0.04 0.01 1  

HSPA1A 0.26 0.48 -0.13 0.00 0.04 1

P < 0.05 *, P <0.005, P <0.001***
 
Conclusion
The results indicated that measuring plasma creatine kinase, lactate dehy-
drogenase and HSPA1A levels at exsanguination cannot be used to identify 
the dark-cutting condition in lambs. However, plasma glucose and lactate 

can be useful indicators for DFD meat in lambs at exsanguination. 
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How’s it hanging? Head down behavior in beef cattle increases in response to pre-slaughter hide washing and is 
associated with increased dark cutting incidence (#215)

Farrah L. Preston1, Michael J. Wilkes1, Peter McGilchrist2, Wayne S. Pitchford1

1 The University of Adelaide, School of Animal and Veterinary Sciences, Roseworthy, Australia; 2 University of New England, School of Environmental and Rural Sciences, Armidale, Australia

Introduction
Dark cutting has a negative impact on beef eating quality and results from 
insufficient levels of muscle glycogen at slaughter, occuring due to poor nu-
trition and/or stress. The causes of pre-slaughter stress are multifactorial 
and abattoir-based factors including pre-slaughter hide washing are asso-
ciated (Preston et al. 2018). Whilst pre-slaughter hide washing is a standard 
procedure in Australian beef processing, its effect on animal behaviour and 
welfare has not been considered. Animal behaviour is a useful, non-inva-
sive measure for identifying stress and can be considered an outcome of 
environment (Stockman et al. 2012), thus providing a unique opportunity to 
assess welfare and identify potential for dark cutting issues. This work forms 
part of a larger trial investigating lairage factors affecting dark cutting beef. 
The aim of this study was to determine if cattle behaviour, specifically head 
down, changed in response to pre-slaughter hide washing, and if this be-
haviour was associated with the incidence of dark cutting.
Methods
Data for this observational cohort study were collected from a South-
ern Australian abattoir processing up to 800 head of cattle per day. Mobs 
were selected only if they would be presented for Meat Standards Australia 
(MSA) grading. A total of 2,390 head of cattle from 75 mobs including steers, 
heifers, and mixed-sex groups were observed in this study. On arrival, mobs 
were split into 129 wash groups averaging 20 head and these formed the 
unit of replication. Cattle were washed in these groups on the morning of 
slaughter using an in-floor sprinkler system. All animals were observed and 
their behavior recorded prior to- (pre-wash), during- (water on), and follow-
ing- (water off) pre-slaughter hide washing treatments. Prior to washing, cat-
tle behavior was recorded using scan sampling over one 15-minute period. 
Behavior was recorded during- and following- washing using scan sampling 
over periods of 11 minutes on a subset of nine wash groups (177 animals). 
The number of times a group was washed varied, and this was determined 
by plant management. The first three water on and water off events for each 
wash group were observed and recorded. At each scan, the number of cat-
tle with head down (scored when the animal’s head and neck extend 45° or 
more below the point of its wither) were recorded, and the percent of the 
wash group displaying this behavior was determined. Carcass grading data 
from MSA was used to identify dark cutting carcasses (pH >5.70; meat co-
lour >3), and the percent of dark cutters within a wash group was calculat-

ed. This project was approved by The University of Adelaide Animal Ethics 
Committee (S-2016-096).
The data were analysed using GenStat, 18thEdition. Linear mixed models 
were developed to test: (1) the effect of washing on behavior and (2) the 
relationship between behaviour and dark cutting incidence. In the first mod-
el, the effect of washing (pre-wash, water on, water off) was tested on the 
percent of cattle with head down with wash group fit as a random term. For 
the second model, the effect of head down was tested on the percent of dark 
cutters with both day killed and wash group fit as random terms. Results are 
presented as mean±standard error.
Results
Overall dark cutting incidence was 26.8% within this study. Pre-slaughter 
washing (pre-wash, water on, water off) had a significant effect on head 
down behaviour (P<0.001). Head down was observed in 8.6±4.9% of cattle 
during pre-wash. During water on, this behaviour increased to 31.6±3.2% and 
remained elevated during water off with 14.2±3.2% of cattle observed dis-
playing head down. Each 1% increase in head down within a wash group was 
associated with a 0.33±0.16% increase in dark cutting incidence (P=0.038).
Conclusion
Head down behavior in cattle increases in response to pre-slaughter 
hide washing, and is positively associated with dark cutting incidence. 
Pre-slaughter washing has a large effect on behaviour, with water on in-
creasing head down by 23% compared to during the pre-wash period. Simi-
lar results have also been reported in dairy cattle where animals spent more 
time with their head down when exposed to sprinklers (Chen et al. 2016a, 
Chen et al. 2016b, Kendall et al. 2007). Additionally, a positive relationship 
between head down and dark cutting was observed. Head down appears 
to be associated with stress, occurring here in response to the use of water 
sprinklers. This behaviour is likely a form of avoidance of an aversive stimuli 
and may reduce head exposure to water. This also supports previous work 
which found an increase in dark cutting incidence with each additional wash 
cattle received (Preston et al. 2018). The results of this study further suggest 
pre-slaughter hide washing is a stressful period for cattle, and additional 
work is necessary to determine a suitable method for this practice which 
controls meat hygiene, without negatively affecting beef quality or animal 
behaviour and welfare.
 



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

343

Notes
P-05-01 

Effects of added yak blood on physicochemical, textural and sensory characteristics of fermented yak blood 
sausage (#219)

Shanhu Tang, Jiaxin Gong, Sining Li, Yimeng Chen, Qi Li
Southwest Minzu University, Dept Food Science and Engineering, Chengdu, China

Introduction
China is the country with the largest number of yaks in the world, account-
ing for 95% of the total number of yaks in the world. As the major by-prod-
uct of yak slaughtering, blood is an ideal protein resource. It was reported 
that the protein contents of whole blood, plasma and blood cells in yak was 
about 15.5%, 6.9 %, 32.7 %, respectively. However, most of the blood was dis-
charged as waste, which not only caused environmental pollution, but also 
produced large amount of waste. How to efficiently utilize the yak blood is a 
problem to be solved urgently. Currently, only small portion of the yak blood 
has been used for sausage making in the nomadic families and no blood 
sausages have been commercialized or studied. The objectives of this study 
were to produce a fermented yak meat sausage with blood, and to evaluate 
the effects of adding various level of yak blood on the quality of fermented 
yak blood sausage.
Methods
Yak meat and yak blood were collected from Hongyuan local slaughterhouse 
and frozen at -18℃ for 24 h, and shifted back to laboratory. Meat and blood 
were thawed under room temperature before sausage making. Yak meat 
mixed with 0, 15, 20, 25, 30, or 35% of yak blood and 1% starter to make sau-
sages. The pH values, cooking loss, color difference, textural and sensory 
properties of yak blood sausages were investigated after fermentation at 
30℃ for 18 hours，and the optimal amount of yak blood for sausage prepa-
ration was determined. ANOVA was used for variance analysis and signifi-
cance test with SPSS V19.0 software package.
Results
The results were displayed in table 1-2. It is obvious that the pH value, cook-
ing loss, color difference, textural characteristics and sensory scores of fer-
mented yak sausage were significantly affected by adding yak blood (P < 
0.05), Resillence of the sausage was not significantly affected (P > 0.05).
From Table 1, pH value was fluctuated at 4.4 for all sausages after 18 h fer-
mentation. Cooking loss decreased sharply and significantly after adding 
15% of blood, but no significant changes were noticed adding 15-35% of 
blood. Sausages with adding 20-25% of yak blood had relatively high sen-
sory scores (P < 0.05). During sausage preparation, adding yak blood may 
influence binding capacity of meat, water content and protein content, which 
may cause the change of cooking loss. It also showed that with the elevat-
ed addition of yak blood, the L* value and b* value rapidly decreased (P 

< 0.05). Adding blood generally increased the a* value, but the value de-
creased gradually with the added amount increased. Myoglobin is the main 
color substance of meat, while hemoglobin is the main color substance of 
yak blood. The sausage can be colored by adding yak blood, which gives 
the sausage a unique red color.Table 1 Effects of blood addition on physico-
chemical properties ,color and sensory quality of fermented blood sausage
Blood，% pH C o o k i n g 

loss,%
S e n s o r y 
scores

L* a* b*

0 4.48±0.04a 30.47±0.00a 87.40±1.64b 46.85±2.30a 7.76±0.23c 9.37±0.68a

15 4.48±0.02a 24.33±0.01b 90.10±2.07b 24.12±0.62b 11.82±0.37a 5.80±0.47b

20 4.41±0.03b 23.83±0.01b 93.90±0.74a 21.39±0.85c 10.23±0.67b 5.80±0.19b

25 4.48±0.04a 23.57±0.01b 93.50±1.58a 19.17±0.96d 10.20±0.56b 5.79±0.52b

30 4.40±0.04b 24.70±0.01b 87.50±1.58b 19.15±0.88d 7.46±0.38c 3.73±0.20d

35 4.41±0.01b 25.23±0.01b 84.50±3.71c 19.06±1.67d 7.33±0.39c 4.38±0.37c

Note: Data followed with different lower-case letters in the same column 
showed significant difference (p < 0.05).
Table 2 showed that with the increase of blood addition, the hardness and 
chewiness of fermented sausage demonstrated a decrease trends and no 
changes were found after adding more than 20% of yak blood, while springi-
ness and cohesiveness had increased trends and resillence were almost 
not affected.Table 2 Effect of blood addition on textures of fermented blood 
sausage
Blood，% Hardness(g) S p r i n g i -

ness(cm)
Cohesiveness Chewiness(g) Resillence

0 4192.08±802.99a 0.63±0.01c 0.57±0.03c 1493.50±164.50a

15 3907.58±254.22a 0.66±0.00bc 0.58±0.01bc 1505.12±92.47a 0.07±0.01b

20 1920.11±479.07b 0.66±0.01bc 0.62±0.01b 782.41±167.39b

25 1756.58±173.91b 0.66±0.01bc 0.59±0.01bc 710.68±82.06b 0.06±0.00b

30 1800.64±795.91b 0.68±0.01ab 0.61±0.04bc 761.80±267.27b 0.08±0.03b

35 1314.95±267.86b 0.71±0.02a 0.66±0.02a 580.63±73.96b 0.12±0.03a

0.08±0.00b

0.08±0.02b

Note: Data followed with different lower-case letters in the same column 
showed significant difference (p < 0.05).
Conclusion
Adding various percentages of yak blood into yak meat coupled with fer-
mentation significantly impacts the cooking loss, sensory characteristics 
and textural properties of yak meat sausage . Fermented yak meat sausage 
prepared with 20% of yak blood is acceptable in edible quality.
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A new strategy to enhance the thermal stability of myofibrillar protein aqueous solution (#221)

Xing Chen1, Youling L. Xiong2, 1, Xinglian Xu3

1 Jiangnan University, State Key Laboratory of Food Science and Technology, School of Food Science and Technology, Wuxi, China; 2 University of Kentucky, Department of Animal and Food Sciences, 
Lexington, US; 3 Nanjing Agricultural University, National Center of Meat Science and Safety Control, Nanjing, China

Introduction
As nutritive food ingredients, meat proteins have not been exploited to the 
same extent as milk or soybean proteins, for example, as supplementary 
protein beverages or liquid diet to meet the demand of certain special popu-
lations, including those suffering from masticatory and swallowing dysfunc-
tions (dysphagia). The major functional challenge hindering the development 
of muscle protein-based beverages is that myofibrillar protein (MP), the ma-
jor protein fraction in muscle, is generally insoluble at low ionic strengths as 
well as its strong susceptibility to heat-induced aggregation. In this study, 
we hypothesize that the dispersion effect of high pressure homogenization 
(HPH) combined with sulfhydryl (SH) blocking function of H2O2 can inhibit 
the heat-induced aggregation of MP in neutral aqueous solution. Therefore, 
the objective of the present study was to investigate the effects of HPH and 
H2O2 treatment on the solubility of MP in aqueous solution upon heating (95 
°C for 10 min).
Methods
Myofibril isolations were carried out as described previously. For HPH treat-
ment, MP aqueous suspensions (15 mg/mL protein in 5 mM sodium phos-
phate, 1 mM EDTA, pH 7.0) were prepared at 4–6 °C and subjected to 69 MPa 
treatment according to our previous procedure [1]. For H2O2 addition, 0, 40, 
80, 160 and 320 µmol/g of hydrogen peroxides (final concentrations) were 
added to MP and HPH treated MP (H-MP) samples. Protein solubility (2 mg/
mL) was defined as the protein concentration of the supernatant divided 
by that of the original myofibril suspension. Total SH contents and disulfide 
bond content (in a 2 mg/mL MP solution) were determined based on the 
procedures of Liu et al. [2] and Thannhauser et al. [3], respectively.
Results
By the addition of H2O2 (40-320 µmol/g protein), the solubility of H-MP in-
creased remarkable (P < 0.05), with more than 75% of H-MP remained sol-
uble after thermal treatment in the presence of 160 µmol/g H2O2, whereas 
no improvement in the solubility of heated MP occurred with or without the 
incorporation of H2O2(Fig. 1). It is hypothesized that the HPH and H2O2 might 
interfere with protein-protein association during heating, enhancing the sol-
ubility of heated H-MP.
The decrease of SH groups and formation of disulfides bridges are essential 
for the formation of aggregated structures of muscle proteins upon heating 
[4]. As shown in Fig. 2A and 2B, the addition of H2O2 remarkably reduced (P 

< 0.05) the total SH content and the formation of disulfide bonds, evidencing 
the blocking effect of H2O2. Thermal treatment can accelerate the oxidation 
of SH reacted with H2O2 to form sulfonic acid [5], thereby decreasing the 
total SH group content and irreversibly inhibiting the formation of disulfide 
bonds by masking the reactive group. Notably, H2O2 trapped the SH groups 
in a similar but more pronounced fashion in H-MP aqueous suspension than 
it did in MP sample, especially at the concentration of 160 µmol/g, most 
of the SH groups were blocked while the formation of disulfide bonds was 
completely inhibited in H-MP. It seemed that the blocking effect of H2O2 
was facilitated by HPH pretreatment. A schematic representation of HPH 
combined with H2O2 treatment on inhibiting disulfide-mediated aggregation 
of MP in aqueous solution for enhanced heating stability was summarized 
in Fig. 3. 
REFERENCES
1. Chen, X., Xu, X. L., & Zhou, G. H. (2016). Potential of high pressure homoge-
nization to solubilize chicken breast myofibrillar proteins in water. Innovative 
Food Science & Emerging Technologies33: 170-179.
2. Liu, G., Xiong, Y., & Butterfield, D. (2000). Chemical, physical, and gel‐
forming properties of oxidized myofibrils and whey‐and soy‐protein isolates. 
Journal of Food Science65(5): 811-818.
3. Thannhauser, T. W., Konishi, Y., & Scheraga, H. A. (1987). Analysis for di-
sulfide bonds in peptides and proteins. Methods in Enzymology143: 115-119.
4. Cortés-Ruiz, J. A., Pacheco-Aguilar, R., Ramírez-Suárez, J. C., Lugo-Sán-
chez, M. E., García-Orozco, K. D., Sotelo-Mundo, R. R., & Peña-Ramos, A. 
(2016). Conformational changes in proteins recovered from jumbo squid (Do-
sidicus gigas) muscle through pH shift washing treatments. Food Chemis-
try196: 769-775.
5. Chang, K., Marshall, H., & Satterlee, L. (1982). Sulfur amino acid stability. 
Hydrogen peroxide treatment of casein, egg white, and soy isolate. Journal 
of Food Science47(4): 1181-1183.
Conclusion
The addition of H2O2 blocked the sulfhydryl (SH) groups, inhibited the for-
mation of disulfide bonds, and suppressed thermal aggregation of MP. HPH 
facilitated the blockage effect of H2O2, leading to a further improved sol-
ubility of MP. HPH pre-dispersion combined with SH blockage proved to 
be an efficient strategy in suppressing the thermal aggregation of MP and 
enhancing the heat stability of MP in aqueous solution at neutral pH. It would 
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be of interest to discover the high stability of MP towards heating at low ionic 
strength so that muscle proteins can be possibly utilized in tailor-making of 
protein-rich beverages for the people who have difficulty to masticate foods.

 

Fig.1 Effects of HPH and H2O2 on the solubility of heated MP in aque-
ous solution Control: Non-heated MP and H-MP. Means without a common 
letter differ significantly (P < 0.05)

  
Fig. 3 Schematic representation Schematic representation of HPH com-
bined with H2O2 treatment on inhibiting disulfide-mediated aggregation 
of MP in neutral and low ionic strength solution for enhanced heating 
stability. 
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Effects of HPH and H2O2 on total SH (A) and disulfide bond (B) of 
heated MP  in aqueous solution 
Control: Non-heated MP and H-MP. Means without a common letter differ 
significantly (P < 0.05).



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

347

Notes
P-05-03 

Effect of high-pressure processing on volatile compound profile of dry-cured ham (#226)

Cristina Pérez -Santaescolástica, Paulo Eduardo S. Munekata, Paula Borrajo, Laura Cutillas-Barreiro, Ruben Dominguez, Daniel Franco, 
Jose Manuel Lorenzo
Centro Tecnologico de la Carne de Galicia, Ourense, Spain

Introduction
High-pressure techniques (HP) are  used in food manufacture since, among 
others, it is considered a good method for sterilizing, bringing an extended 
shelf-life of products (Pérez-Santaescolástica et al., 2019a). At first instance, 
the most important attributes affecting consumer’s purchase preference are 
related to odour and taste, but after consumption, texture has a high in-
fluence in the quality perception. On one hand, the aroma is originated by 
chemical and enzymatic reactions during the processing of dry-cured ham 
(Bermúdez et al., 2015), and on the other hand, techniques like HP could in-
duce texture changes (Duraton et al., 2012). Keeping in mind the importance 
of food sensorial characteristics for its commercializing, and the profound 
value of dry-cured products around the world, the impact of HP treatment 
has been studied and it is needed to examine the best temperature to appli-
cate this useful technology which leads the least impact on final quality. For 
that, our purpose was to evaluate the impact of HP treatments assisted at 
12 °C on the volatile profile of dry-cured hams with high proteolysis index in 
order to make possible its application for other potential purposes obtaining 
technologic advantages in its production.
Methods
Twenty-five raw hams were elaborated following the procedure described 
by Santaescolástica et al. (2018) to obtain proteolysis levels above 32%. All 
dry-cured hams were sliced and from each one unit, two plastic bags were 
vacuum-packed: one of them was treated at 600 MPa during 6 min at 12 °C 
(HP-12) and the other one was preserved untreated as a control (CO) batch. 
The HP treatment was applied using an NC Hyperbaric WAVE 6000/120 
equipment (NC Hyperbaric, Burgos, Spain), and volatile compounds analyze 
was carried out using solid-phase microextraction (SPME) and the quan-
tification was performed using GC-MS technique following the chromato-
graphic conditions described by Domínguez et al. (2014). The effect of treat-
ment on volatile compounds profile was examined using a one-way ANOVA 
with IBM SPSS Statistics 23.0 program software package. The values are 
shown in terms of mean values and standard error of the mean (SEM).
Results
A total of 149 compounds were identified and classified based on their origin 
in 8 chemical families and 2 sub-families: hydrocarbons (which are divided in 
aliphatic hydrocarbons and aromatic and cyclic hydrocarbons), aldehydes, 
ketones, esters and ethers, alcohols, carboxylic acids, nitrogenous com-

pounds and sulphur compounds. The total values per family and sub-family 
are shown in Table 1. The major family of volatile compounds in CO samples 
was hydrocarbons (around 21400 AU x 103 /g dry-cured ham) followed by 
aldehydes (around 20500 AU x 103 /g dry-cured ham) and alcohols (around 
6500 AU x 103 /g dry-cured ham). In contrast HP-12 samples showed the 
highest value in aldehyde (around 13400 AU x 103 /g dry-cured ham), fol-
lowed by hydrocarbons (around 11500 AU x 103 /g dry-cured ham), alcohols 
(around 5700 AU x 103 /g dry-cured ham) and, ketones and ester and ethers 
with similar values (around 2300 AU x 103 /g dry-cured ham). Although both 
batches expressed the lowest values in nitrogenous compounds (around 
650 and 460 AU x 103 /g dry-cured ham for CO and HP-12 respectively).
The analysis of volatile compounds showed great differences between 
treatments. Hydrocarbons, aldehydes, nitrogenous compounds and sulphur 
compounds were significantly reduced (P<0.001) after HP treatment, while 
ketones were slightly increased. It is well known that aldehydes are one of 
the families which most influences have in odour. For that, it is expected 
losses of typical odours of dry-cured products, so the sensorial properties 
could be changed. This fact is not necessarily negative since hexanal, which 
is the main aldehyde in dry-cured hams and it is associated with the rancid 
odour (Aparicio et al., 1998). Its levels decreased (from around 14000 AU x 103 
/g dry-cured ham in CO to around 6000 AU x 103 /g dry-cured ham in HP-12) 
after HP treatment. This outcome agrees with data reported by Pérez-San-
taescolástica et al. (2019b) who observed a decrease of hexanal after HP 
treatment. On the other hand, sulphur compound reduction was expected 
according to the traditional use of HP as a sterilizing technique. The reason 
for that is probably due to the origin of the main sulphur compound, called 
dimethyl disulphide, which is related to the microbial activity (Martin et al., 
2006) and its content after HP application was reduced by 87%. 
Conclusion
HP treatment produces changes on volatile compounds profile of dry-cured 
ham. An important reduction of total volatile compounds after HP treatment 
was observed which could affect the sensorial properties of dry-cured ham.
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Chestnut (CaStanea sativa Mill) emulsion gel as partially fat replacers in frankfurt-type sausage formulation (#245)

Juana Fernandez-Lopez, Carmen M. Botella-Martínez, Raquel Lucas-Gonzalez, Estrella Sayas-Barbera, Jose A. Perez-Alvarez, Manuel Viuda-Martos
Miguel Hernandez University, IPOA Research Group. Agro-Food Technology Department. Polytechnical Orihuela High School, Orihuela, Spain

Introduction
Frankfurt-type sausage is one of the most popular processed meat products 
in the world. However, it should be borne in mind that the high fat content 
(15-30%) and the quality of these fats (mostly saturated fatty acids) used to 
obtained the Frankfurt-type sausage and other process meat products have 
been associated with the development of several diseases such as: obesity, 
coronary heart disease and so on. The meat industry has diverse possi-
ble strategies for developing healthier meat and meat products. Essentially, 
three kinds of strategies are used to achieve this goal, these are associated 
with animal production, the handling of meat raw materials, and the reformu-
lation of meat derivatives. The substitution of fat has been studied for many 
years and has its own terminology. The term “fat replacers” to denote the 
ingredients or additives used to diminish the fat content in foods. These are 
ingredients which structurally may be considered fats, proteins, or carbohy-
drates, that is, any raw material used to replace fat in the formulation. This 
study aimed to partially replace the pork backfat used in the formulation of 
Frankfurt-type sausages by emulsion gels formed by avocado oil and chest-
nut flour and determine the effect of this substitution on the chemical and 
technological properties of these products.
Methods
Oil-in-water (O/W) emulsion gel was used as fat replacers in Frankfurt-type 
sausage. Chestnut emulsion gel (CEG) was prepared with: chestnut (Cas-
tanea sativa Mill) flour 20%, avocado oil (30%), water (48%) and Xanthan 
gum (2%). Frankfurt-type sausages were made following traditional formula 
[1] with 65% pork meat and 35% pork backfat.  Three different formulations 
were prepared: the original mixture was used as control sample (CS). The 
other samples were formulated partially replacing pork backfat with 15% of 
CEG (CEG15) and 20% of CEG (CEG20). Proximate composition was deter-
mined according to Official Methods [2]. Residual nitrite level (mg NaNO2/
kg sample) was determined according to standards ISO/DIS 2918.26. Lipid 
oxidation was assessed by the 2-thiobarbituric acid (TBA) method of Ros-
mini et al. [3]. The emulsion stability was evaluated as the percentage of total 
expressible fluid (TEF) [4]. Data analysis were performed using a one-way 
ANOVA test and differences were considered significant at p < 0.05.
Results
Proximate analysis of samples showed several differences between sam-
ples. The CGE used as partially fat replacer decreased the moisture, fat and 
protein content (P<0.05) with respect to CS and it did in a concentration-de-

pendent manner except for fat content. The samples where CGE was used 
as partially fat replacer showed lower residual nitrite level than the CS (Table 
1). TBARS values (Table 1) were higher, in samples with CGE used as par-
tially fat replacer than in control samples. This may be due to the fact that 
the fatty acids present in avocado oil are mostly unsaturated and therefore 
more easily oxidizable. As regards to the total expressible fluid (TEF), higher 
TEF values means that emulsion stability is lower. TEF values were higher 
in samples with CGE used as partially fat replacer than in control samples.
 
Table 1. Proximate composition and lipid oxidation of Frankfurt-type sau-
sage partially fat replacer with chestnut emulsion gel.  
  Moisture Protein Fat Ash Residual Ni-

trite
TBARS

CS 69.53±0.19a 17.07±0.76a 6.07±0.11a 3.96±0.02a 60.31±0.28a 0.42±0.04a

CEG 15 68.23±0,24b 15.08±0.35b 4.13±0.02c 4.10±0.34a 51.15±1.19b 0.68±0.05b

CEG 20 67.88±0,35b 14.60±0.19b 5.41±0.20b 4.84±0.71a 48.99±1.47b 0.83±0.08c

Results are expressed as g / 100 g of sample. Residual nitrite expressed 
as mg NaNO2/ kg de sample. TBARS values expressed mgMA/kg sample. 
Values with a different letter in the same column are significantly different 
(p<0.05)
 
Conclusion
The use of plant-based flours, such as chestnut flour is a good alternative in 
the development of reduced fat meat products. In particular, the substitution 
of pork fat with an emulsion elaborated with avocado oil and chestnut flour 
increased the healthiness of the product, reduced fat content and improved 
the unsaturated fatty acid content. Additionally, the use of chestnut emulsion 
gel as novel ingredient appears to be a viable alternative in the meat pro-
cessing industry due to increased stability of the product because reduced 
the nitrite residual content.
Acknowledgment: CYTED RED TEMÁTICA 119RT0568 “PRODUCTOS 
CÁRNICOS MÁS SALUDABLES”
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Figure 1. Emulsion stability of Frankfurt-type sausage partially fat 

replacer with chestnut emulsion 
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Drying of pastirma by two microwave based technologies: Physical, biochemical, microbiological and sensory 
aspects (#249)

Ozge Şakıyan Demirkol1, Naciye Kutlu1, 2, Merve S. Yılmaz1, Emine Olum3, Esin Orhan Yanıkan1, Seref Tağı1, Kamuran Ayhan1, Aslı İşçi Yakan1, Gustavo V. 
Barbosa-Cánovas4, Kezban Candoğan1

1 Ankara University, Faculty of Engineering, Department of Food Engineering, Ankara, Turkey; 2 Bayburt University, Faculty of Engineering, Department of Food Engineering, Bayburt, Turkey; 3 Istanbul 
Gelişim University, Faculty of Fine Arts, Department of Gastronomy and Culinary Arts, İstanbul, Turkey; 4 Washington State University, Center for Nonthermal Processing of Food, Pullman, US

Introduction
Microwave drying of foods is an appealing alternative to conventional drying 
techniques because it shortens processing time and reduces energy con-
sumption. Combining microwave drying with vacuum drying promotes syn-
ergism, i.e. resulting in a process which is more efficient if only one of them 
is used. In other words, this combination renders a more efficient process in 
terms of energy consumption and drying times. This synergism takes place 
because of the low processing temperature (vacuum drying) and rapid volu-
metric heating (microwaves).
Pastırma is a traditional highly consumed Turkish dried-cured meat product 
where traditional processing could be modified by other treatments prov-
en to be effective on the manufacturing of other meat-based products. The 
most time consuming step in pastırma manufacturing is drying, which sig-
nificantly affects the entire process in terms of final product characteristics 
as well as costs. Thus, the aim in this study was to replace the conventional 
pastırma drying process by microwave drying or by combining microwave 
and vacuum drying seeking reducing processing times and better quality 
attributes of the final product.
Methods
Beef M. longissimus dorsi muscles weighing around 500 g were randomly di-
vided into three groups, one of which was a traditionally processed pastırma 
used as control (C), while for the other two were dried either by microwave 
(M) (at 250 W) for 3.5 hr or by a microwave-vacuum combination (MV) (at 
250 W, 500 mmHg) for 3hr. The total processing time for C was 21 days while 
for M and MV groups was 9 days plus 3.5 hr and 9 days plus 3 hr, respec-
tively.
After verifying that the two new approaches were successful to attain similar 
product characteristics to the C group with shorter drying times, the follow-
ing analyses were conducted to evaluate product characteristics: proximate 
composition; pH value; counts of total aerobic mesophilic bacteria (TAMB), 
total psychrotrophic bacteria (TPB), lactic acid bacteria (LAB), Microccoc-
cus/Staphylococcus spp. (MS), Enterobacteriaceae, total coliforms/E. coli 
and total yeast-molds (YM); CIE lightness-L*, redness-a* and yellowness-b* 
color values; texture profile (hardness, cohesiveness, springiness, gummi-
ness and chewiness); and sarcoplasmic and myofibrillar protein profiles by 

sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). A 
consumer acceptability test was also conducted. An analysis of variance 
using the SAS system 9 was applied to data from two replicates, and  Dun-
can’s Multiple Comparison test was used for mean separation (p<0.05). The 
Friedman test was utilized for statistical analysis of data from consumer ac-
ceptability test.
Results
M and MV groups had significantly higher moisture content and lower pro-
tein, ash and sodium chloride contents than the C (p<0.05). The pH values 
of C, M and MV were 5.72, 5.82 and 5.88, respectively which differed only 
between C and MV. Drying with M and MV resulted in higher L*, a* and b* 
values than the C group (p<0.05) while there was no difference (p>0.05) 
in color values between M and MV groups.Pastırma dried with M exhibited 
higher (p<0.05) gumminess (101.1) and hardness (136.3 N) than MV (gummi-
ness, 73.2 and hardness, 102.3 N) and C ones (gumminess, 69.7 and hard-
ness, 91.1 N) indicating that the MV combination resulted in similar texture 
characteristics to C.
In SDS-PAGE sarcoplasmic protein profile, similar patterns were observed 
in M and MV groups whereas the intensities of the bands in C did not differ 
from the ones for the raw meat  and were greater than those of the other two; 
i.e. M and MV groups (Figure 1). In myofibrillar protein profile, less degrada-
tion was detected in M group than MV and C groups. 
In C group, initial TAMB, TPB, LAB, MS and YM counts increased after pro-
duction (p<0.05). It is noteworthy to mention that YM count was significantly 
lower (p<0.05) in M and MV than C. 
A consumer acceptability test was conducted in both, uncooked and cooked 
pastırma. While uncooked C, M and MV groups had similar scores (p>0.05) 
in terms of appearance, color, odor, taste, texture and overall acceptability, in 
cooked pastırma, the  M and MV samples generally received higher scores 
(p<0.05) than the C except for odor which did not differ among all the groups 
(p>0.05).
Conclusion
A specially designed equipment for microwave and microwave-vacuum 
drying was successfully used for pastırma manufacturing.  These new ap-
proaches resulted in around 12 days reduction in drying time without nega-
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tively affecting the final product overall characteristics.  In some cases, the 
novel pastırmas had even better characteristics   in terms of sensory attri-
butes, instrumental color values, lower  yeast/molds counts. Therefore, mi-
crowave and microwave-vacuum drying technologies are sound alternatives 
to manufacture pastırmas because they are more efficient in terms of ener-
gy consumption and processing times resulting in overall lower costs and 
eco-friendlier than the conventional process. 
* This research was supported by Ankara University Scientific Research Proj-
ects Coordination Unit (Project Number: 16B0443006). 

 
Figure 1. SDS-PAGE Sarcoplasmic and myofibrillar protein profiles of 
pastırma  Sarcoplasmic (on the left) and myofibrillar (on the right) 
protein profiles of pastırma obtained by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE).  MA: molecular weight, H: 
Raw material, M: Microwave drying, MV: Microwave-vacuum drying, K: 
Control.
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Incorporation of dry distilled rose petals extract in food matrix of cooked functional sausages with reduced nitrite 
content (#256)

Dessislav K. Balev1, Dessislava B. Vlahova-Vangelova1, Stefan G. Dragoev1

1 University of Food Technologies, Department of Meat and Fish Technology, Plovdiv, Bulgaria; 2 University of Food Technologies, Department of Meat and Fish Technology, Plovdiv, Bulgaria; 3 University 
of Food Technologies, Department of Meat and Fish Technology, Plovdiv, Bulgaria

Introduction
In recent years, the attention of a large number of consumers has been fo-
cused on eating of healthier foods, but without significantly altering their 
eating habits (Menrad, 2003). To alleviate this, a variety of functional foods 
are introduced into the market as a means of reducing the risk of so-called 
“metabolic diseases”, which seeks to eliminate or strongly reduce the fat con-
tent of various supplements (Fernandez-Ginës et al., 2005) and nitrites (Ba-
lev et al., 2015). The objective of this work was to develop a new technology 
for incorporation of dry distilled rose (Rosa damascena Mill) petals extract 
(DDRPE) in food matrix of functional cooked sausages.
Methods
The dry distilled rose petals was provided by Nara Geo Company (Otets 
Paisievo, Bulgaria). After pressing in laboratory conditions, they were dried 
(60°C, 6 h). Polyphenol copigments were extracted with a water-alcohol mix-
ture (70% ethanol) of finely ground (particle size < 0.4 mm) dry pressures 
in a hydromodule 20:1 (v/w). After continuous stirring (20 rpm) for 1 hour at 
room temperature, the extraction mixture was filtered, eluted with ethanol. 
The organic solvent was evaporated in vacuum at 30°C and lyophilized for 72 
h. The DDRPE was added in an amount of up to 0.05, 0.03 or 0.01 g/kg to the 
sausages filling mass produced with addition of 0.01, 0.03 or 0.05 g NaNO2/
kg. Six sample types were studied (Table 1).
Table 1. Receipts ofexamined sausage samples
I n g r e d i -
ents, g/kg

Samples

Controls Experimental samples

C C½ RPE1 RPE2 RPE3 RPE4 RPE5

Beef 500 500 500 500 500 500 500

Pork 500 200 200 200 200 200 200

Salt 20 20 20 20 20 20 20

Sodium ni-
trite

0.10 0.05 0.01 0.01 0.05 0.05 0.03

DDRPE - - 0.01 0.05 0.01 0.05 0.03

Polyphos-
phates

2 2 2 2 2 2 2

Flaky ice 200 200 200 200 200 200 200

The protein oxidation was measured by the content of carbonyls using 
2,4-dinitrophenylhydrazine by using two-lantern UV-VIS spectrophotometer 

Camspec, model M 550 (Camspec Ltd., Cambridge, UK) by the method of 
Santé-Lhoutellier et al. (2008).
The 2-thiobarbituric acid (TBA) reactive substances were determined by the 
method of Botsoglou et al. (1994). The ANOVA analysis was used to estimate 
the significant (p < 0.05) differences (SAS Institute Inc.).
Results
The DDRPE was found to reduce protein (Figure 1) and lipid (Figure 2) ox-
idation in the cooked sausages and can be successfully used in the pro-
duction of functional meat products with 50% reduced nitrite content. The 
DDRPE used in an amount of up to 0.05% does not change the sensory 
characteristics (smell, taste, color, consistency) and stabilizes the color of 
the cross-cutting surface of the produced functional sausage with 50% re-
duced nitrite content.
Conclusion
The conclusion was made that the recovery of the by-product from rose 
oil production solves significant environmental problems related to environ-
mental pollution and helps to realize waste-free technologies, achieving sig-
nificant economic, environmental and social and health effects.
Acknowledgements. The authors acknowledge the National Re-
search Program “Healthy Foods for a Strong Bio-Economy and Quality of 
Life” of Ministry of Education and Science of the Republic of Bulgaria for 
funding and support of this work.
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Figure 2. Effect of DDRPE on sausage TBARS during 6 d refrigeration 

 
Figure 1. 

 Effect of DDRPE on sausage protein oxidation during 6 d refrigeration 
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Thermal gelation and rheological properties of myofibrillar protein as affected by the addition of lard-based 
diacylglycerol at different NaCl concentration (#259)

Baohua Kong, Xinxin Zhao, Dongmei Zhen
Northeast Agricultural University, Department of Food Science, Harbin, China

Introduction
Myofibrillar protein (MP) is an important functional protein in muscle which is 
responsible for the thermally induced gelation properties of meat products, 
and its molecule is highly sensitive to the ionic strength. Fat is an import-
ant ingredient in meat products. However, excessive animal fat intake could 
bring about lifestyle-related diseases Triacylglycerol (TG) is a major com-
ponent, while diacylglycerol (DG) is a minor component in various plant oils 
and animal fats. The taste, flavour, and texture of DG are similar to those of 
TG. Compared with TG, DG have unique nutritional properties, health ben-
efits and specific physicochemical properties. The aim of this work was to 
investigate gelation and rheological properties of porcine MP as influenced 
by the addition of lard-based DG at different NaCl concentrations.
Methods
Lard-based (DG) was prepared according to the procedure of Zhao et al. [1]. 
After the reaction, the lipase was removed by filtration to obtain the unpu-
rified DG (UDG), whose DG content was 46.91%. The UDG was purified by 
two-step molecular distillation (SPE10, manufactured in Haiyuan Biochem-
ical Equipment Co. Ltd., Wuxi, China). The purified DG (PDG), which had a 
higher content of DG (83.10%). Myofibrillar protein (MP) was extracted ac-
cording to the procedure of Xia et al. [2]. To prepare the emulsion gels, 10 
mg/mL MP solution and 60 mg/mL MP solution were prepared in 50 mM 
piperazine-1, 4 bisethanesulfonic acid (PIPES) (pH 6.0) at various NaCl con-
centrations (0, 0.1, 0.3, and 0.6 M). Then, 2.1 g of completely melted pork fats 
(lard, UDG or PDG) were incorporated into 8 g of 10 mg/mL MP solution 
containing various concentrations of NaCl. The mixtures were then homog-
enized at 17,000 r/min for 1 min using an IKA T18 Ultra-Turrax (IKA-Werke 
GmbH & Co., Staufen, Germany) to obtain pre-emulsions. Each pre-emul-
sion was immediately mixed into 60 mg/mL MP solutions containing corre-
sponding NaCl concentrations by gently stirring with a glass rod to prepare 
composites with a final concentration of 40 mg/mL protein and 8% (w/w) 
fat. MP and fat composites were stored at 4 °C overnight. Gel samples of 
MP and fat composites were formed by heating in a water bath at 75 °C for 
20 min and cooled immediately in crushed ice. Gel strength of composite 
gels was determined according to Wu et al. [3]. Gel water-holding capacity 
(WHC) of composite gels was measured according to the procedure of Wu 
et al. [3]. The rheological properties of MP and fat composites during thermal 
gelation were tested using a Discovery HR-1 hybrid rheometer (TA Instru-

ments Co., New Castle, DE, USA) equipped with parallel plates (40 mm di-
ameter, 1 mm gap) according to the method of Xia [4]. Prior to measurement, 
gels were equilibrated at room temperature for 30 min.
Results
As shown in Figure. 1A, as the concentration of NaCl increased from 0 M 
to 0.6 M, the compression forces significantly increased (P < 0.05) and the 
maximum gel strength appeared at 0.6 M. Meanwhile, compared with the 
pure MP gel, the composite gels with fat resulted in significantly higher (P 
< 0.05) compression forces at the same NaCl concentrations. These results 
likely occurred because protein solubility was enhanced by increasing ionic 
strength [5]. The UDG- and PDG-composite gels had significantly higher 
(P < 0.05) compression forces than MP alone and lard-composite gels. As 
shown in Fig. 1B, the WHC of the gel at 0.6 M NaCl were both significantly 
higher than that of the corresponding control at 0 M NaCl (P < 0.05), which 
could be due to the formation of more hydrogen bonds in the gel network 
and increase in the degree of swelling as the ionic strength increased [6]. 
Meanwhile, UDG- and PDG-composite gels exhibited higher WHC than 
lard-composite gels (P < 0.05), and no significant differences between UDG- 
and PDG-composite gels were observed (P > 0.05). These results probably 
occur due to the presence of a (hydroxyl group) in the molecular structures 
of UDG and PDG. As shown in Fig. 2A, the G’ of gels with or without fat at 
0.6 M NaCl were significantly higher than those at 0, 0.1, and 0.3 M NaCl over 
the entire temperature range. This result was most likely due to excessive 
aggregation and low solubility of MP at low NaCl concentration, which could 
cause poor gel-forming ability. In addition, UDG- and PDG-composite gels 
displayed higher G’ values than control and lard gels, which could in part be 
attributed to the hydrogen bond interactions between DG and MP.
Conclusion
The rheological and gelation properties of porcine MP can be improved by 
the increase in NaCl concentration and the incorporation of DGs, and lard-
based DG displays potential for use in improving the quality of comminuted 
meat products.
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Fig. 2. Storage modulus (G’) (A, B, C and D) values of gels prepared 
with myofibrillar protein (MP) 

 
Fig. 1. Compression force (A) and water-holding capacity (B) of gels 
prepared with myofibrillar prot 
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Effect of partial replacement of meat by carrot on physicochemical composition of turkey fresh sausages (#273)
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Introduction
Meat consumers are becoming increasingly aware of the relationship be-
tween health and nutrition. This trend is leading to increase interest in foods 
that are not only nutritious but that also confer additional benefits for the 
consumer health. In this regard, the conversion of vegetables into ingredi-
ents, for their later incorporation in meat product formulations, could be a 
strategy to improve quality and image of processed meat. Carrot (Daucus 
carota L.) is a vegetable appreciated by its orange root. It is part of a group 
of foods used for their nutritional value, health benefits and technological 
properties (Sharma et al., 2012). Therefore, carrot can be used to develop 
healthier meat products (Alvarado- Ramírez et al., 2018). The aim of the pres-
ent study was to evaluate the effect of partial replacement of meat by carrot 
on the physicochemical composition of turkey fresh sausages.
Methods
The fresh turkey meat, ingredients and additives used to obtain the different 
types of sausages were provided by Frigolouro - Grupo Coren (Ponteve-
dra, Spain). The study considered 36 fresh turkey sausages divided in three 
batches: control (100% of turkey meat), carrot 10 (10% carrot, 90% turkey 
meat), and carrot 30 (30% carrot, 70% turkey meat). In the sausages prepa-
ration, the raw material was weighed separately, as well as the other ingre-
dients and water, and meat was ground (6 mm plate). The ingredients were 
dissolved in water, manually mixed with meat for 5 min, then kept refrigerat-
ed (4 °C) until a mass formation. The mass was stuffed into artificial collagen 
casings prior hydration with cold water. The pH, L*a*b* color, and proximate 
composition were measured according to Carvalho et al. (2019). Data were 
analyzed by a one-way ANOVA with the IBM SPSS Statistics 21.0 (IBM Cor-
poration, Somers, NY, USA) and LSM were separated using Duncan’s t-test 
(P<0.05).
Results
The effect of partial replacement of meat by carrot on physicochemical traits 
of fresh turkey sausages is shown in Table 1. The incorporation of carrot had 
a significant effect (P<0.001) on pH values, which decreased from values of 
6.1 of the control samples to values below 6.0 found in sausages with carrot. 
This result agrees with those  by Yadav et al. (2018), where the incorpora-
tion of vegetables in meat products decreased the pH values. This decline 
could be related to acid pH of the carrot (FDA, 2007). The L*a*b* color val-
ue of fresh sausages was affected (P<0.01) by the addition of carrots. The 
L* and a* values increased with the carrot inclusion. The highest L* value 

was obtained with carrot 10, whereas the highest a* value with the carrot 
30. The carrot inclusion gradually raised the b* values from 14.9 (control) to 
41.0 (carrot 30). Except for moisture, carrot inclusion had a significant effect 
(P<0.001) on proximate composition. As expected, control sausages showed 
the highest fat content (7.5%), that decreased with the increase of the carrot 
inclusion. This result is in agreement with that found by Carvalho et al. (2019) 
where the addition of carrot, pea and spinach reduced the fat content of 
meat products. The explanation relates to the low-fat content of the added 
vegetables and the reduction of the added meat/fat. Like the results found 
in other studies (Yadav et al., 2018), protein contents decreased with the in-
corporation of carrot in turkey fresh sausages.
Conclusion
Meat and fat can be partially substituted by carrots in the production of tur-
key fresh sausages to obtain healthier meat products. The incorporation of 
carrot in fresh sausages modified their color parameters.
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Substitution of synthetic nitrite and phosphate using plasma treated winter mushroom in canned ground ham 
(#283)

Kyung Jo1, Seonmin Lee1, Junho Choe2, Cheorun Jo3, Samooel Jung1

1 Chungnam National University, Division of Animal and Dairy Science, Daejeon, South Korea; 2 Lotte R & D Center, Meat Processing Division, Seoul, South Korea; 3 Seoul National University, Department 
of Food and Animal Biotechnology, Seoul, South Korea

Introduction
Nitrite is an essential additive for cured meat products. The natural nitrite 
source is manufactured by converting the nitrate to nitrite through nitrate-re-
ducing bacteria. This method has a limitation because nitrate must be con-
tained in the natural source. 
Plasma is an ionized gas including cations, anions, electron, and free radi-
cals. Recently, the possibility of using atmospheric pressure cold plasma as 
a new curing method has been suggested because nitrite can be generated 
by reactions of plasma with water molecules. In the previous study, the ex-
tract of the natural plant contained nitrite after the treatment of atmospheric 
pressure cold plasma. Therefore, natural nitrite sources can be manufac-
tured regardless of its nitrate content.
Phosphate stabilizes the emulsion of meat batter and improves the water 
holding capacity through the increasing pH in the manufacture of meat prod-
ucts. However, it is a synthetic additive. Thus, it has become necessary to 
replace with natural products. Winter mushroom have rich in nutrients and 
antioxidants. It has a high pH and dietary fiber that has functional properties 
such as improving the water and oil holding capacity and emulsification in 
food products. Previous studies have shown that winter mushroom powder 
can effectively replace phosphate in meat products. For this reason, we hy-
pothesized that the use of plasma treated winter mushroom could replace 
not only sodium nitrite but also phosphate in the meat product.
Therefore, the aim of this study was to evaluate the effect of plasma treat-
ed winter mushroom powder as an alternative to nitrite and phosphate in 
canned ground ham.
Methods
The plasma generated from cylindrical dielectric-barrier discharge was in-
fused into food mixer containing ground winter mushroom. Plasma was in-
fused until the pH 6 of ground winter mushroom, and it was lyophilized to 
make the powder. The meat batters composed of ground pork, pork back fat, 
water, salt, ascorbic acid, nitrite, and phosphate were prepared. The treat-
ments were classified into four groups according to nitrite sources and the 
addition of phosphate; no nitrite and phosphate (NC), sodium nitrite and 
phosphate (PC), celery powder and phosphate (Celery), 1% of plasma treat-
ed winter mushroom powder and no phosphate (PWMP). The nitrite content 
of all treatment was controlled 48 ppm without PC. The pH of meat batter, 

the proportion of jelly and melted fat exuded, lipid and protein oxidation, re-
sidual nitrite, and nitrosyl hemochrome of canned ground ham manufactured 
with three times (three batches) at independent day were measured. The 
data from this study were statistically analyzed using a general linear model 
under a randomized complete block design (batch as a block). The results 
were expressed as least-square mean and standard error of the least-square 
mean, and specific comparisons were performed by Tukey’s multiple-range 
test when the main effect was significant (p<0.05).
Results
The pH of meat batter was the highest in PC and the lowest in NC (p<0.05, 
Table 1). The pH of PWMP was lower than PC and Celery. The previous study 
showed that the addition of 1% winter mushroom powder to pork sausage in-
creased the pH of meat batter to a level similar to the addition of phosphate. 
In this study, the addition of PWMP didn’t sufficiently increase the pH be-
cause the pH of winter mushroom was reduced through plasma treatment. 
The proportion of jelly and melted fat exuded from ground ham was highest 
in NC (p<0.05, Table 1). Despite the absence of phosphate in PWMP, the 
exudation of jelly and melted fat was less than NC (p<0.05). This is because 
not only PWMP was higher in pH than NC, but also the dietary fiber of the 
winter mushroom increased water and fat retention in the ground ham.
The malondialdehyde and carbonyl content were highest in NC and no sig-
nificant difference among PC, Celery, and PWMP (p<0.05, Table 2). The in-
hibition of lipid and protein oxidation was observed in PWMP without the 
addition of phosphate. This is because of antioxidant compounds contained 
in winter mushroom. Winter mushroom contains high levels of antioxidants 
such as phenolic compounds and ergothioneine. In previous studies, the 
addition of winter mushroom in meat products inhibited lipid and protein 
oxidation.
Residual nitrite content was highest in PC, followed by Celery and PWMP 
(p < 0.05, Table 3). Nitrosyl hemochrome was no significant difference in PC, 
Celery, and PWMP, but it tended to highest in Celery and PWMP. This result 
may be because the antioxidants of celery powder and PWMP reduced ni-
trite to nitric oxide. Nitric oxide reacted with myoglobin to generate nitrosyl 
hemochrome after heating.
Conclusion
The addition of plasma treated winter mushroom powder to canned ground 
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ham showed the reduction of water and fat exudation although it had no equiv-
alent effect with phosphate. Plasma treated winter mushroom powder gener-
ated nitrosyl hemochrome in canned ground ham effectively. In addition, it in-
hibited lipid and protein oxidation. Therefore, plasma treated winter mushroom 
powder can serve as a substitute for nitrite and phosphate in meat products.

 
Table 2 Malondialdehyde (mg/kg) and carbonyl content (nmol/mg of 
protein) of ground ham 1 Standard error of the least square mean 
(n=12) a-d Different letters in the same column indicate significant 

differences between means (p<0.05) 

 
Table 1 pH of the meat batter, proportion of jelly and melted fat exuded 
from ground ham (%) 1 Standard error of the least square mean (n=12) 
a-d Different letters in the same column indicate significant differences 
between means (p<0.05)

 

Table 3 Residual nitrite content (mg/kg) and nitrosyl hemochrome (%) 
of ground ham 1 Standard error of the least square mean (n=12) a-d 
Different letters in the same column indicate significant differences 
between means (p<0.05)
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The longitudinal and transverse heating- induced shrinkage of two bovine muscles (#285)

Rozita Vaskoska1, Minh Ha1, Zahra Naqvi2, Jason D. White2, Robyn D. Warner1

1 University of Melbourne, Faculty of Veterinary and Agricultural Sciences, Parkville, Australia; 2 Charles Sturt Univeristy, Wagga Wagga, Australia

Introduction
This study aimed to explore the differences in the heating- induced shrink-
age of two bovine muscles biceps femoris (BF) (high collagen content, short 
sarcomere length, white muscle) and psoas major (PM) (low collagen con-
tent, long sarcomere length, red muscle) at four cooking temperatures (50, 
60, 70 and 80°) and after two ageing periods (unaged and aged for 14 days).
Methods
10 BF and PM muscles were collected from both sides of 5 beef carcasses at 
~ 24 hrs post-slaughter, on 3 collection days, and each muscle within a car-
cass was allocated to an ageing period of 1 day (unaged) or 14 days ageing. 
Sarcomere length of the muscles was measured with a laser diffraction unit 
and collagen by the AOAC hydroxyproline method. The cooking method was 
based on the study of Purslow at al. (2016) with slight modifications. Each 
muscle was cut into twenty (BF) or fifteen cuboids (PM) with dimensions: 
length 50mm x width 30mm x height 30mm. Four (BF) or three cuboids 
(PM) were randomly assigned to each of the following temperatures: 50, 60, 
70 and 80°C within each muscle. The meat cuboids were cooked in individ-
ual plastic bags in a water bath (Julabo, Germany) at the designated tem-
peratures. The samples were cooked for 30 min. after reaching the desired 
internal temperature, cooled on ice for 15 minutes, and wiped dry. The di-
mensions (length, width, height) of each cuboid were measured with calliper 
(Kincrome, Australia) before and after cooking. Longitudinal shrinkage was 
defined as the shrinkage in the direction of the fibres. Transverse shrinkage 
was the shrinkage perpendicular to the fibre direction, calculated as cross- 
sectional area (CSA). The CSA of the cuboid was calculated as the product 
of the width and the height. The longitudinal/transverse shrinkage was cal-
culated as the difference between the length/CSA before and after cooking, 
divided by the length/CSA before cooking. Data analysis was performed 
with REML in Genstat (Version 18) with muscle, aging and temperature as 
fixed effects and collection day and carcass number as random effects.
Results
Average sarcomere length for the muscles was 3.48 ± 0.04 and 1.9 ± 0.02 
(mean ± se) for PM and BF respectively, while the average collagen content 
was 17.45 ± 2.21 and 44.51 ± 2.68 µg/mg freeze dried tissue for the PM and 
BF, respectively. Longitudinal shrinkage of the cuboids was affected by the 
muscle, temperature and ageing period (muscle*temperature*ageing period 
p<0.01, sed for the interaction =1.86). The onset of shrinkage in unaged BF 
and PM occurred already at 50°C, while aged muscles only started shrinking 

at 60° (PM) and 70° (BF) (Figure 1). A continuous increase in shrinkage oc-
curred between 60 to 70°C and 70 to 80°C in PM, while in BF shrinkage only 
increased between 70 and 80°C in unaged and between 60 and 70°C in aged 
muscle (Figure 1).Themaximumlongitudinal shrinkage of the muscle cuboids 
presented in the following sequence: PM (1 day) > PM (14 days) > BF (1 day) 
> BF (14 days) (Figure 1).
Transverse shrinkage, unlike longitudinal shrinkage, was only affected by the 
interaction of the muscle type with, temperature (p<0.001, sed=2.62), and 
with ageing period (p<0.05, sed=1.83). Most of the transverse shrinkage of 
the muscles has already occurred when the cuboids were cooked at 50°C 
(Figure 2A). BF had greater transverse shrinkage than PM at all tempera-
tures except at 60°C, (Figure 2A). Unexpectedly, shrinkage of PM at 80°C 
was smaller than shrinkage at the other cooking temperatures (Figure 2A). 
With respect to ageing, PM showed a consistent transverse shrinkage for 
both ageing periods, while less transverse shrinkage occurred in aged mus-
cle for BF (Figure 2B).
 
Conclusion
At higher cooking temperatures (70 and 80°C), which are common in meat 
cooking and processing, PM has a greater longitudinal shrinkage, while 
BF has a greater transverse shrinkage. These results are probably a con-
sequence of the differences in sarcomere length and/or collagen content. 
Previous research has shown that stretched bovine semitendinosus had 
a greater longitudinal and smaller transverse shrinkage in comparison to 
cold-shortened muscle (Bouton et al., 1976). Greater longitudinal shrink-
age was also found in a comparison of bovine longissimus dorsi (LD) to PM, 
where PM also had twice longer sarcomeres. Instead of the expected great-
er longitudinal shrinkage of BF due to greater collagen content (Mohr & Ben-
dall, 1969), we instead found greater transverse shrinkage in comparison to 
PM. The potential explanation for this could be the assumed relationship be-
tween sarcomere length and collagen by Lepetit et al. (2000), where shorter 
sarcomere length in a muscle results in less collagen shrinkage at 60°C.
The greater longitudinal (BF, PM) and transverse shrinkage (BF) of unaged 
versus aged muscle implies a potential role of proteins prone to post- mor-
tem proteolysis (titin, desmin) in the shrinkage of muscle cuboids.
The results of this study provide a better understanding of the shrinkage 
of bovine muscles of different characteristics during heating, that ultimately 
results in an effect on their water- holding capacity and eating quality.
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Figure 2. 
Transverse shrinkage of BF and PMcuboids. A) heated to 50, 60, 70 
and 80°C B) aged for 1 and 14 days.Each point is a least square mean 
and the sed is shown as a vertical line above and below each point. 

 
Figure 1. 
Longitudinal shrinkage of BF and PM cuboids heated to 50, 60, 70 and 
80°C and aged for 1 or 14 days. Each point is a least square mean 
and the sed is shown as a vertical line above and below each point. 
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Surface treatment with condensed phosphates reduced efflorescence formation on dry fermented sausages with 
alginate casings (#315)

Kurt Herrmann, Jonas Hilbig, Vinothkumar Murugesan, Monika Gibis, Jochen Weiss
University Hohenheim, Department of Food Physics and Meat Science, Stuttgart, Germany

Introduction
White efflorescence consisting of crystalline complexes formed on the sur-
face of dry-fermented sausages is a big issue for the meat processing indus-
try, because consumers reject the affected products because of misjudging 
it as microbial spoilage. However, the formation of white efflorescence is a 
physical mass transport phenomenon of acids and minerals from the core 
to the surface of the sausage [1]. It has been shown that the efflorescence 
formation is faster and more pronounced on sausages with alginate casings 
than with natural or collagen casings [2]. Alginate films are cross-linked with 
bivalent calcium ions which are mostly used in the form of calcium chloride 
(CaCl2) solutions [3]. This could trigger the fast white efflorescence forma-
tion on the surface by complex formation with lactates. Di- and polyphos-
phates are known for the ability to form complexes with alkaline earth metals 
like magnesium and calcium [4]. Therefore, solutions (5%) of different com-
mercially available phosphates, mixture of di- and polyphosphates TARI S78 
and two polyphosphates P68 and P69, were applied to the surfaces of the 
sausages after drying to a weight loss of 42.5%. The hypothesis was that the 
addition of the chelators could bind the calcium and magnesium ions, which 
trigger the efflorescence formation.
Methods
Production of sausage and sample preparation
48 kg of sausage batter with following composition were produced: 35% 
minced lean pork shoulder (+2°C), 45% frozen lean pork shoulder (-10°C) 
and 20% frozen pork back fat (-18°C). 28 g/kg nitrite curing salt (0.5% ni-
trite), 0.1 g/kg starter culture (TEXEL® SA-308), 3 g/kg white pepper, 5 g/kg 
dextrose, and 0.5 g/kg ascorbic acid were added. The sausage batter was 
produced in a bowl chopper and co-extruded by an alginate co-extrusion 
unit (ConPro-System, Handtmann Holding GmbH & Co.KG) with a calci-
um alginate casing (90% water, 10% alginate powder). The sausages had 
a casing thickness of 0.2 mm and a caliber of 19mm. The alginate gel was 
cross-linked with a 25% CaCl2 solution. Subsequently, the sausages were 
fermented and dried to a weight loss of 42.5%. After drying the sausages 
were divided into four batches. The control batch was not surface treated, 
whereas the other three batches were dipped for 5 s into 5% phosphate 
solutions. Two polyphosphates, P68 (chain length 17, pH 6.6) and P69 (chain 
length 22, pH 6.4) and one mixture of di- and polyphosphates (TARI S78, pH 
5) were used. After dipping, the sausages were packaged in vacuum bags 

under modified atmosphere (20% CO2, 80% N) and stored up to 8 weeks at 4 
°C. 12 randomly selected sausages were taken for optical and chemical anal-
yses every second week. The sausages were cut into four different layers, 
the surface layer with a thickness of 0.6 mm, layer I and II with 1.2 mm, and 
the core with a diameter of 6 mm.
Chemical, Image and Sensory Analysis
The elements calcium, magnesium, potassium, and sodium of the layers 
were quantified. The sensory analysis was conducted with at least 20 test 
persons. To conduct the image analysis, the sausages from the sensory 
evaluation were cut in half lengthwise (n = 16 halves). The surface of the 
halves was scanned and digitalized. All analyses were done according to 
Walz, Gibis [1].
Results
Figure 1 shows the visual appearance of the sausage during 8 weeks stor-
age. On the control sample the white efflorescence formation started after 
2 weeks. Compared to the control, the sausages treated with phosphates 
showed no or very less formation during storage. For a better comparison, a 
sensory and an image analysis were performed (Figure 2). Moreover, to 
evaluate whether the sensory and the image analysis are comparable, the 
correlation coefficient was calculated, and showed high correlations (control 
r = 0.99; TARI S78 r = 0.84; P68 r = 0.98; P69 r = 0.93).
The determination of the magnesium content is showed (Figure 3). The 
content of magnesium in the surface layer of the control significantly in-
creased (p < 0.05) during the storage, from 0.58 ± 0.02 to 1.55 ± 0.11 mg/g 
DM after 6 weeks, whereas the content in the surface-treated samples in-
creased only slightly (P68 and P69) or remained at the same level (TARI 
S78). The increase of magnesium on the surface of the control is due to 
the removal of magnesium ions from the diffusion equilibrium by complex 
formation with lactate on the surface leading to an increased diffusion of 
magnesium.
 
 
Conclusion
The study showed a promising approach to inhibiting the white efflores-
cence formation on dry-fermented sausages by the surface treatment with 
condensed phosphates after the drying. The efflorescence-causing mass 
transport of magnesium and calcium ions could be inhibited due to the com-
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plexation with condensed phosphates inside the sausage, preventing them 
from reaching the surface of the product. However, due to the weakening 
of the casing stability, the approach should be improved in further studies. 
For example, the concentration of the condensed phosphates in the solution 
could be modified in such a way that the free calcium cations would only be 
chelated and, simultaneously, the complexation of the calcium ions of the 
calcium alginate casing would be minimized.
References
1. Walz, F.H., et al., Chemical and optical characterization of white efflores-

cences on dry fermented sausages under modified atmosphere packag-
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Figure 2. Optical sensory (A) and image analysis (B) of the sausage 
surfaces during storage.

Figure 1. Visual appearance of the sausages during 8 weeks of storage
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Figure 3. Magnesium content (mean ± standard deviation mg/g DM) of 
the sausages (A=Control, B=TARIS78, C=P68, D=P69) during storage.  
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Effect of NaCl substitutes on lipid and protein oxidation of harbin dry sausage (#336)

Rongxin Wen, Baohua Kong, Qian Chen
Northeast Agricultural University, College of Food Science, Harbin, China

Introduction
Harbin dry sausage is one of the most popular and traditional fermented 
meat products in China due to its flavor and texture. However, the long fer-
mentation cycle (approximately 12-15 d) of Harbin dry sausages causes a 
higher level (3.6-4.0%) of NaCl in the final products. Partially replacing NaCl 
with KCl and flavor enhancers such as lysine, alanine, citric acid, Ca-lactate 
and maltodextrin is a good choice for producing low-sodium meat products. 
However, the NaCl substitutes can affect lipid and protein oxidation during 
processing of the product, which influences the development of texture, col-
or and flavor. Therefore, the purpose of this study was to evaluate the influ-
ence of NaCl substitutes on lipid and protein oxidation during fermentation.
Methods
1. Preparation of Harbin dry sausages
Three independent batches of Harbin dry sausages were prepared accord-
ing to a procedure described by Chen, Kong, Sun, Dong, and Liu (2015). 
Three treatments were prepared as follows: control (100% NaCl), SS1 (70% 
NaCl and 30% KCl), and SS2 (70% NaCl, 20% KCl, 4% lysine, 1% alanine, 
0.5% citric acid, 1% Ca-lactate and 3.5% maltodextrin).
 
2. Thiobarbituric acid reactive substances (TBARS)
The extent of lipid oxidation was evaluated by the TBARS assay. The TBARS 
of dry sausages were determined following the method of Wang and Xiong 
(2005). The TBARS value was expressed as mg of malondialdehyde (MDA) 
per kg of sausage.
 
3. Myofibrillarproteins (MP) 
The MP was extracted from dry sausages as described by Liu and Xiong 
(1996).
 
4. Carbonyl content,sulfhydryl content andsurface hydrophobicity 
The protein carbonyl content was determined according to the method of 
Chen et al. (2016). The content of carbonyl is expressed as nmol carbonyl/
mg protein based on an absorption coefficient of 22,000 M-1 cm-1.   Sulfhy-
dryl contents were detected according to the method described by Ellman 
(1959). Sulfhydryl content is expressed as nmol Sulfhydryl/mg protein based 
on an absorption coefficient of 13,600 M-1 cm-1. The surface hydrophobic-
ity was measured using bromophenol blue (BPB) as described by Chelh, 
Gatellier, and Santé-Lhoutellier (2006).  The amount of bound BPB was used 

to determine surface hydrophobicity.
Results
1. Thiobarbituric acid reactive substances
TBARS is an important index to assess the extent of lipid oxidation during 
fermentation, which is mainly used to measure secondary products of lipid 
oxidation. As shown in Fig. 1, TBARS values with a slow increase at the 
former fermentation (0-3 d) and with a sharp increase at the latter fermen-
tation (6-12 d) were found. During fermentation, TBARS values in the control 
treatment were higher than those in the SS1 and SS2 treatments (P < 0.05). 
That may be attributed to the promotive effect of NaCl on lipid oxidation. 
Meanwhile, TBARS values of the SS2 treatment were significantly lower 
than those of the SS1 treatment in the later fermentation stage (P < 0.05) 
due to their differences in KCl and amino acid salt contents.
 
2. Carbonyl content, total sulfhydryl content and surface hydrophobicity 
The formation of carbonyl compounds is considered to be the main indicator 
of protein oxidation in meat and meat products. As shown in Figure. 2(A), re-
gardless of treatments, the carbonyl contents increased significantly during 
fermentation (P < 0.05). In the later stage of fermentation, the carbonyl con-
tents in the SS1 and SS2 treatments were significantly lower than those in 
the control treatment (P < 0.05). This was attributed to the enhanced ionic 
strength in meat that is caused by adding NaCl and KCl, which affects the 
degree of MP assembly and loosens the structure, which would favor the 
diffusion of radicals and other pro-oxidative factors.
Sulfhydryl group loss is also a marker of protein oxidation in meat and meat 
products. The oxidation products of sulfhydryl groups mainly include intra- 
or interprotein disulfide bonds and mixed-disulfides. The reduction of total 
sulfhydryl contents of MP in dry sausage during fermentation (P < 0.05) is 
presented in Figure. 2(B). The SS2 and SS1 treatments showed significant 
differences from the control treatment at the end of fermentation (P < 0.05). 
This result was consistent with the carbonyl content results.
As a suitable indicator to investigate protein denaturation, surface hydro-
phobicity was used to detect changes in the structure on the surface of MP 
in dry sausages. It is generally accepted that oxidation reactions would lead 
to changes in the secondary and tertiary structures of proteins. As shown in 
Figure. 2(C), the surface hydrophobicity of MP increased during sausage fer-
mentation, and the highest hydrophobicity was found in the control treatment 
(P < 0.05). This result further proved the promotive effect of NaCl on protein 
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Conclusion
These results showed that Harbin dry sausages containing differ-
ent NaCl significantly reduced the degree of lipid and protein oxida-
tion during fermentation. The NaCl substitutes may influence the for-
mation of volatile compounds that originated from these two pathways. 

 
Figure 2. Carbonyl content, total sulfhydryl content and surface hy-
drophobicity of MP in Harbin dry 

 
 

Figure 1. TBARS of Harbin dry sausages during fermentation: control 
and with NaCl substitutes
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Effects of NaCl substitutes on the physicochemical properties of fermented dry sausage (#340)

Yingying Hu, Baohua Kong, Qian Chen, Xiufang Xia, Qian Liu
Northeast Agricultural University, College of Food Science, Harbin, China

Introduction
Harbin dry sausage is one of the most popular and traditional fermented 
meat products in China because of its flavor, taste and texture. However, 
the long fermentation cycle of Harbin dry sausages results in a high level 
(3.6-4.0%) of NaCl in the final products. The excessive sodium intake in the 
human diet can lead to hypertension and increase the risk of cardiovascular 
disease (Paik, Wendel, & Freeman, 2005; Desmond, 2006). There are many 
strategies to reduce the NaCl content in fermented meat products, of which 
the direct reduction of the NaCl content and the use of salt substitutes (such 
as KCl, MgCl2 and CaCl2) to replace NaCl are the most commonly used 
methods (dos Santos et al., 2015; Lorenzo et al., 2015). Therefore, the aim of 
our study was to evaluate the effects of the sodium substitutes on the phys-
icochemical properties of fermented dry sausages.
Methods
1. Preparation of fermented sausages 
Three independent batches of Harbin dry sausages were prepared accord-
ing to the method of Chen, Kong, Sun, Dong, and Liu (2015) with some mod-
ification. The sausages were prepared with lean pork (90%, w/w) and pork 
back fat (10%, w/w), and the following additives were added: 2.5% salt, 1.0% 
sugar, 0.3% monosodium glutamate, 0.01% sodium nitrite, 1.0% wine, 5.0% 
water and 0.8% mixed spices. Lactobacillus curvatus, Pediococcus pentosa-
ceus R1 and Staphylococcus xylosus A1 were used as mixed starter culture 
(107 cfu/g) in the current study. For control samples, salt was 100% NaCl. For 
other two treatments, NaCl was partly substituted by 30% KCl (SS1) and by 
20% KCl combined with 3.5% maltodextrin, 4% L-Lys, 1% L-Ala, 0.5% citric 
acid and 1% Ca-lactate (SS2).The sausages in each treatment were sampled 
at various fermentation times (0, 3, 6, and 9 d) to measure the physicochem-
ical characteristics.
 
2. Moisture content, water activity (aw) and pH 
The moisture content was determined according to AOAC procedures 
(AOAC, 1995). Aw was measured by an Aqualab water activity meter. The 
pH of the sausages was measured based on the method described by Be-
rardo et al. (2016) with slight modification. Briefly, fermented sausages (10.0 
g) were homogenized in a blender with 90.0 mL of distilled water. A standard 
pH meter was used to measure the pH of the mixture.
 
3. Shear force and thiobarbituric acid reactive substances (TBARS) 

The shear forces of cooked sausages (15 min at 90 °C) were measured by 
a TA-XT2 plus Texture Analyser (Stable Micro Systems Ltd., England, U.K.) 
with a knife blade. The TBARS values of dry sausages were determined 
following the method of Wang and Xiong (2005), andexpressed as mg of 
malondialdehyde (MDA) per kg of sausage.
Results
1. Moisture content, aw and pH
The moisture content and aw declined in all sausages during fermentation, 
as presented in Fig. 1 (A) and (B). The initial moisture content was 62.58%, 
and it had declined to 29.87%, 32.12%, and 33.15% for the control, S1 and S2 
treatments, respectively, at the end of fermentation (P < 0.05), which was 
due to the migration and evaporation of water in the sausages. Compared to 
the control treatment, there were higher moisture contents in the S1 and S2 
treatments at 6 d and 9 d (P < 0.05), which was attributed to the lower Na+ 
concentration, which inhibited the release of water (Aliño, Grau, Baigts, & 
Barat, 2009). The initial aw was 0.968, and by the end of fermentation, it had 
decreased to 0.797, 0.807, and 0.835 for the control, S1 and S2 treatments, 
respectively (P < 0.05). Reducing the amount of NaCl in the fermented sau-
sages led to an increased moisture content and aw.
As shown in Fig. 1 (C), the initial pH of the sausages was approximately 6.35, 
and it gradually decreased to 4.96, 4.86 and 4.53, respectively, for the control, 
S1 and S2 treatments after a nine-day fermentation. The pH of the S1 and 
S2 treatments was significantly lower than that of the control treatment (P 
< 0.05), which was mainly attributed to the higher LAB population caused 
by lowering the NaCl addition level. Then, the pH of all sausages remained 
stable from 6 d to 9 d, mainly due to the environment being unsuitable for the 
growth of LAB and the formation of ammonia from protein hydrolysis.
 
2. Shear force and TBARS
As shown in Fig. 2(A), the shear force values of all the treatments gradually 
increased during fermentation (P < 0.05). Additionally, the shear force values 
of the S1 and S2 treatments after a nine-day fermentation were significantly 
lower than that in the control treatment (P < 0.05). As shown in Fig. 2(B), 
the initial TBARS value in all sausages was 0.05 mg MDA/kg meat, and it 
increased to 0.62, 0.65, and 0.56 mg MDA/kg meat for the control, S1 and S2 
treatments, respectively, after a nine-day fermentation (P < 0.05). However, 
there were no significant differences in the TBARS values among the three 
treatments for the same fermentation time.
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Conclusion
According to our results, substitution of 30% of the NaCl by KCl and flavor 
enhancers resulted in higher moisture content and aw, as well as led to lower 
pH and shear force. Therefore, treatment S2 can be employed as a low-so-
dium substitute in fermented sausages to achieve better quality with a 30% 
reduction in NaCl.  

 
Figure 2. Shear force and TBARS of fermented sausages during fermen-
tation

   
Figure 1. Moisture content, water activity and pH of fermented sausag-
es during fermentation
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Evaluation of heat induced protein degradation and food functionality in retort-processed porcine meats. (#349)

Kojiro Katayama1, Yuka Tanaka2, Risa Tanizawa2, Mao Nagasawa1, 2, Toshiya Hayashi1, 2

1 Meijo University, Graduate School of Agriculture, Nagoya, Japan; 2 Meijo University, Faculty of Agriculture, Nagoya, Japan

Introduction
Taste and texture of meat products are associated with the properties of 
protein included in the muscle. The protein makes the tissues of our body, 
such as muscles and organs. Ingested proteins are digested in the stom-
ach and absorbed as peptides and amino acids through the intestine. These 
small molecules exert effects to support biological regulatory functions in 
our body. Of the 20 types of amino acids, nine essential amino acids cannot 
be synthesized in the human body, thus intake from diet is essential. Recent-
ly, peptides and amino acids containing them in meats have been reported 
to be effective in preventing dementia and depression, and research on the 
relationship between meat nutrition and human health has received much 
attention.
Despite the fact that meat is rich in such nutritional components, the current 
situation is that consumers have a negative image with respect to human 
health. Improved this image would lead to not only the revitalization of the 
meat market but also the maintenance and improvement of people’s health.
We have focused on lifestyle-related diseases. Life-style related diseases 
are regarded as a problem due to the extension of the healthy life span in 
association with changes in eating habits. In particular, the number of hyper-
tensive patients has reached 1.13 billion in the world. The increasing health 
consciousness in the world also is required for functional effects of food as 
a complement to medical treatment.
From the above, it is expected that the prevention of hypertensive symptoms 
by the intake of meat could contribute to the establishment of a new nutri-
tional therapy diet, leading to the maintenance and improvement of people’s 
health.
In the present study, we focused on the proteolysis of meat caused by heat-
ing, and evaluated relationships between the degree of protein degradation 
different heating temperatures and the inhibitory activity of angiotensin I 
converting enzyme, which induces hypertensive symptoms. We used re-
tort heating applied to various retort foods including meat products as the 
heat treatment method. Retort-processed foods are excellent with respect 
to preservation, and this benefit has been exploited in their use as food in 
space travel. Researchers have investigated the effect of retort-processing 
on food palatability, but they have not focused on the food functionality.
Methods
We extracted soluble fraction of whole muscle protein and myofibrillar protein 
from porcine loin, and prepared control-fraction (75 °C) and retort-fraction 

(125 °C) in each preparation. The use of retort-processing enables high-tem-
perature heating above 120 °C, and we investigated protein degradation and 
angiotensin I converting enzyme inhibitory activity by each heat-processing 
sample.
From each of these two preparations, we also obtained three fractions: one 
that digested with trichloroacetic acid, one digested with pepsin, and one 
which was untreated, resulting in a total of six samples. We determined the 
peptide and free amino acid concentrations in each of the six samples. We 
simultaneously confirmed changes in the protein profiles as a result of differ-
ences in heating temperature using SDS-PAGE. Furthermore, in all six sam-
ples, we determined ACE inhibitory activity, which was an in vitro indicator 
of the hypertension suppressive effect, as an evaluation of the functionality 
of each treated meat sample.
Results
The concentrations of both peptide and free amino asid significantly in-
creased in the retort-fraction compared with the control-fraction. From SDS-
PAGE, we confirmed that the macro molecular proteins in the retort fractions 
disappeared and low molecular proteins were appeared. It was suggested 
that the high molecular proteins were degraded to low molecular proteins 
by retort-processing. Retort-fraction showed higher activity than the control 
fractions. Significantly higher activity were obtained with the enzyme-di-
gested sample, suggesting that the peptides having high ACE inhibitory ac-
tivity were produced by digestion of the low molecular peptides which were 
digested in the digestive tract with retort-processing.
Conclusion
The results from this study, we suggested that the retort-heating promotes 
protein degradation by digestive enzymes, which would be beneficial for 
digestion through the digestive tract, and higher ACE inhibitory activity 
was obtained in the retort preparation compared to the normal temperature 
preparation.
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Mechanism of hypertension 
This figure shows a part of hypertension mechanism. Hypertension oc-
curs by reaction of angiotensin I converting enzyme (ACE). ACE works 
on 2 substances. Blood pressure rises when ACE decomposes angioten-
sin I to angiotensin II. Also, ACE inactivates bradykinin and inhib-
ites blood pressure-down effect.
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Effect of cooking times on fatty acid composition and textural properties of pork backfat (#373)

Jun Qi, Xiaofei Xie, Wenwen Zhang, Guoyuan Xiong, Lin Mei, Hengxiu Xue
Anhui Agricultural University, Anhui Engineering Laboratory for Agro-products Processing, Hefei, China

Introduction
Adipose tissue, as an important component of meat, can involve in a series 
of metabolism and provide energy in body, and is a flavor reservoir during 
cooking process. Many meat products rich in fat are popular in China, such 
as hongshaorou and traditional Chinese sausage. It can be attributed to that 
fat could provide unique texture, flavor and taste. Thermal process is an es-
sential method to make fresh meat edible and promotes a series of physical 
and chemical reactions within fat tissues that can affect eating quality attri-
butes and fatty acid composition. It has been reported that cooking increas-
es percentages of n-6 polyunsaturated fatty acids (PUFA) and monounsatu-
rated fatty acids (MUFA), but decreased the SFA percentage in lamb meat, 
compared to roasting and grilling. Although studies on processing charac-
teristics of fat in meat have been performed, few have been conducted on 
the adipose tissue during cooking. This work aimed to evaluate the effect of 
long-term cooking on the processing characteristics of pork backfat.
Methods
Eight pig carcasses (about 6 months of age, 80 ± 10 kg of carcass weight) 
were slaughtered and cleaned by a commercial pork-processing company 
(Sushi, Jiangsu, China). After 24 h postmortem, each chilled backfat sam-
ples were removed and cut into strips (5 cm width, 5 cm length and 2 thick-
ness). Then, the strips were placed in 4-L stainless steel pots (ST22J1, Supor, 
Hubei, China) with purified water (Yibao, Shenzheng, China) in a weight 
ten times the mass of the backfat, and  cooked at 95-99 ∝  for 0, 50, 100, 
150 or 200 min. Finally, the backfat was removed from the pots after cooking, 
and cooled down to room temperature for analysis. The fat content of the 
backfat was determined using the Soxhlet extraction method (AOAC 1990). 
Fatty acids of backfat were analyzed by gas chromatography after lipid ex-
tract and methyl esterification. The relative content of each fatty acid constit-
uent was calculated based on the region normalization. Each strip was cut 
into the 1.0 cm (height)×2.5 cm (diameter) cylinder for TPA analysis. TPA was 
carried out with a texture analyzer TA-XT2i (Stable Micro Systems, Godalm-
ing, U.K.). Hardness (kg), chewiness, cohesiveness (J) and resilience were 
calculated from the compression curves provide by the texture analyzer.
Results
The fat contents of porcine back fat obtained at different cooking times are 
shown in Fig. 1a. The fat content was 58.34 % in raw backfat, which was 
lower than that of previous reports. The discrepancies maybe attributed to 
differences in the breeds and pork parts. As cooking time increased, fat con-

tent significantly increased to 84.88 %. Cooking destroyed the integrity of 
fat cells, and resulted in fat melting and migration of other components from 
backfat into liquid and water phases. Fat content increased when compo-
nent migration dominated, and vice versa. Fig. 2 shows the change of fat-
ty acid profile of backfat during cooking. Palmitic acid (C16:0), stearic acid 
(C18:0), oleic acid (C18:1) and linoleic acid (C18:2) were the main fatty acids 
in porcine backfat, and C18:1 had the greatest content. Meanwhile, UFA was 
the major component, followed by MUFA and SFA from the angle of satu-
ration level of Fatty acid. The significant changes in SFA and UFA contents 
haven’t been observed even after cooking for 200 min. MUFA content in-
creased significantly during cooking. It could be attributed to high levels of 
natural antioxidants present in cooked samples such as Maillard reaction 
products (MRPs). MRPs, especially of melanoidins, have the ability of scav-
enging hydroxyl radicals, superoxide and hydrogen peroxide as well as metal 
chelation, resulting in the inhibition of unsaturated fatty acids oxidation. The 
textural properties of backfat were remarkably affected by the cooking time 
(Fig. 1b). Hardness, gumminess, resilience and chewiness of cooked por-
cine backfat decreased with increasing cooking time, but springiness and 
cohesiveness increased firstly, then decreased significantly. This suggested 
that the tenderness and elasticity of cooked backfat increased after long-
term cooking, which could account for the unique texture of cooked fat that 
was different from the short-term cooking for porcine backfat. The adipocyte 
integrity largely depended on the connective tissue and reticular fiber, and 
long-term cooking could lead to the solubilization of connective tissue and 
the destruction of adipocytes, which could cause the decrease in hardness, 
gumminess, resilience and chewiness of cooked backfat. The increase in 
springiness and cohesiveness at 50 min of cooking could result from the 
solubilization and gelation of collagen in connective tissue, and then the de-
creases could contributed to the loss of collagen in backfat.
Conclusion
Prolonged cooking time increased the percentages of fat and MUFA in por-
cine backfat after cooking, and had tenderizing effects. Long-term cooking 
may be recommended as an appropriate cooking protocol for the prepara-
tion of a tasty and healthier pork product.
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Figure 2 Heat-map of fatty acids of porcine backfat at different cook-
ing times obtained after differ

 
Figure 1 Heatmap analysis showed the changes of fat content (a) and 
texture parameters (b) of porcin 
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Effect of vegetable powders as nitrite sources on the quality characteristics of cooked sausages (#388)

Mohamed E. Abdel-Aziz
Cairo, Food Science, Cairo, Egypt

Introduction
For centuries nitrate and nitrite have been used extensively in preserving 
meat products. Nitrate and, more specifically, nitrite, create the distinctive 
cured meat characteristics (Zhang et al., 2014). A primary function of nitrite 
is the production of the characteristic pink color of cured meats, which is 
desired by the consumer and is usually indicative of quality of cooked prod-
ucts, nitrite also inhibits lipid oxidation and contributes to desirable meat 
product flavor (Sebranek and Bacus, 2007).  In addition the most important 
role of nitrite is its antimicrobial activity, specifically against controlling the 
growth of Clostridium botulinum. Despite all of its desired properties, the 
safety of nitrite to human health has been questioned. Nitrite can cause the 
formation of carcinogenic Nnitrosamines in cured products due to its re-
action with secondary amines and amino acids in muscle proteins. Resid-
ual nitrite in cured meats may form N-nitrosamines in the gastrointestinal 
tract Thus; the meat industry continues to search for alternative methods 
to produce nitrite-free meats that maintain the color characteristics of ni-
trite cured meat products (Riel et al., 2017). Regarding the potential health 
concerns of nitrite, consumers prefer natural additives instead of synthet-
ic additives in meat products due to the health risks involved. Therefore, 
the replacement of chemical additive nitrite with natural additives have in-
creased in recent years (Riel et al., 2017). Some Vegetables with high con-
tent of nitrate such as carrot, celery, spinach, red beet and parsley in the 
form of powder or extracts, qualify as nitrate sources (Riel et al, 2017; Ko 
et al., 2017). Celery ( Apium graveolens var. graveolens) products like juice 
concentrate   and powder are the main widely used additives as nitrate 
sources in studies related to cured meat products (Sindelar et al., 2007).   
Parsley (Petroselinum crispum) extract powder is often used in spice mix-
tures. Due to its high nitrate content it is an innovative alternative for the 
direct addition of nitrite in the production of meat products. Spinach (Spina-
cia oleracea L) has often been seen as a major vegetable source for nitrate 
in the human diet According to Walker (1990), nitrate level in spinach is as 
high as 2,470 ppm.  Red Beet (Beta Vulgaris), is regarded as a rich source 
of nitrate and it contains bioactive phytochemicals, including phenolic com-
pounds which functions as antioxidant and natural colorant components in 
meat products (Sucu &Turp, 2018).  Nitrate in this vegetables must be re-
duced to nitrite by microorganisms such as Staphylococus xylosus and/or 
Staphylococus carnosus (Sebranek and Bacus, 2007). The objective of this 
study was to evaluate the possibility of replacing sodium nitrite with vege-

table powders of (celery, spinach, parsley and red beet), as a nitrite alter-
natives in the production of cooked sausage by examining the changes in 
some quality characteristics during 28 days of storage period at 4 °C.
Methods
1- Production of vegetable powders
2- Production of cooked beef sausage 
3- Proximate composition analysis 
4-  pH determination 
5- Residual nitrite analysis
6- Color measurement
7- Thiobarbituric acid value (TBARS)
8- Lactic acid bacteria 
Results
Due to the potential health risk associated with nitrites, nitrite alternatives 
from vegetable sources in meat products have been investigated. Therefore, 
in this study cooked sausages, manufactured with 0.438 % celery powder, 
0.425 % parsley powder, 0.29 % red beet powder and 0.404 % spinach pow-
der were produced. These sausage samples were compared to a traditional-
ly nitrite-cured control. The inclusion of red beet powder increased a* value 
of samples and resulted in the protection of the desired red color during 
storage. There were significant differences among samples treated with veg-
etable powders and the sausage with sodium nitrite (control) at the end of 
storage period. The lactic acid bacteria count was higher in samples treated 
with vegetable powders. After 4 weeks of storage, no significant difference 
in TBARS value was observed between the sausages with sodium nitrite 
(control) and the sausages with red beet and spinach powder. 
Conclusion
This work showed that replacing nitrite by vegetable powders is an effective 
strategy to develop new meat products. At the same time, lower residual nitrite 
levels could be achieved with the use of vegetable powders and marketing 
of these products may consequently reduce consumers’ intake of nitrite. Red-
ness value (a*) of the samples increased and was well protected during the stor-
age when an increased amount of beetroot powder was used. No significant 
difference in TBARS value was observed between the sausages with sodi-
um nitrite (control) and the sausages with red beet and spinach powder at 
the end of storage. After 4 weeks of storage, the control sample (sausage 
with sodium nitrite) had significantly more residual nitrite than the sausages 
treated with vegetable powders. The lowest LAB count (p<0.05) during stor
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age period was observed in the control sample. The traditional meat products 
with no/reducedsynthetic nitrite will be a new opportunity for consumers. 
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Influence of citric acid incorporated in alginate casing on white efflorescence formation on dry fermented 
sausages (#422)

Jonas Hilbig, Katrin Hartlieb, Monika Gibis, Kurt Herrmann, Jochen Weiss
University of Hohenheim, Department of Food Physics and Meat Science, Stuttgart, Germany

Introduction
The formation of white crystals on the surface, called white efflorescence, 
are a big issue for the meat processing industry because it is misjudged 
as microbial spoilage and therefore rejected by the consumer. It was iden-
tified that the formation is a physical mass transport phenomenon of acids 
and minerals from the core to the surface of the sausages [1]. Furthermore, 
as one of the main efflorescence causing (irreversible efflorescence type 
II) substances magnesium and lactate was identified. Moreover, due to the 
crosslinking of the alginate film with the divalent cation calcium in the form 
of calcium chloride (CaCl2)-solutions the formation could be enhanced. The 
effect of alginate casings on white efflorescence compared to natural and 
collagen casings was investigated by Walz et al. [2]. In the study the white 
efflorescence formation on the surface of the alginate casings (72.2%) was 
increased compared to collagen (48.3%) or natural (25.0%) casings. Further-
more, the diffusion of magnesium and calcium to the surface was signifi-
cantly increased (p < 0.05) compared to the other casings. Therefore, in this 
study the effect of citric acid added to the alginate gel before co-extrusion 
on the white efflorescence formation was investigated, due to its ability to 
chelate divalent cations.
Methods
Production of dry fermented sausages:
The meat batter was composed of 20% frozen pork back fat SVIII (-18 °C), 
45% frozen lean pork shoulder SII (-10 °C), and 35% minced lean pork shoul-
der SII (3 mm, 2 °C) purchased from a local wholesaler (MEGA eG, Stuttgart, 
Germany). Moreover, 0.1 g/kg starter culture (TEXEL® SA-308, mixture of 
Lactobacillus sakei, Staphylococcus carnosus and -xylosus), 0.5 g/kg ascor-
bic acid, 3 g/kg white pepper, 5 g/kg dextrose, and 28 g/kg nitrite curing 
salt (NCS, 0.5% nitrite) were added. The sausage batter was produced in a 
bowl chopper. The alginate gels (90% water, 10% alginate powder, Protanal® 
ME 5147, DuPont Nutrition & Health, Brabrand, Denmark) without chelator 
as a control and with the addition of 0.8, 1.1, and 1.4% of citric acid (Van Hees 
GmbH, Walluf, Germany). The sausages were manufactured with the ConPro 
co-extrusion unit (Albert Handtmann Holding GmbH & Co. KG, Biberach, 
Germany) with a casing thickness of 0.2 mm, caliber of 19, and a length 
of 270 mm. Subsequently, the co-extruded sausages were crosslinked with 
25% of CaCl2. Afterwards, the sausages were fermented, lightly smoked, and 
dried (weight loss of 44%). After drying the sausages were packaged into 

vacuum bags under modified atmosphere (80% N2, 20% CO2) and stored up 
to 8 weeks at 4 °C. For the chemical analyses the surface of the sausages 
were analyzed, therefore a layer of 0.6 mm thickness was cut off the sausag-
es with a food slicer (VS8A, Bizerba, Balingen, Germany).
Chemical and optical investigations:
Lactate, creatine and citric acid were determined by HPLC. Furthermore, 
the elements calcium and magnesium were determined by ICP-OES. The 
pH-value during the storage of 8 weeks were measured. For the image anal-
ysis 8 sausages were cut in half lengthwise, scanned and analyzed by Im-
ageJ. The analyzes were done according to Walz et al. [1].
Results
The addition of all concentrations of citric acid significantly decreased (p 
< 0.05) the white efflorescence formation during the storage. The best re-
sults were achieved by the addition of 1.1% (17.55 ± 4.85%) and 1.4% (13.09 
± 1.64%) compared to the control (73.93 ± 7.16%) after 8 weeks of storage 
(Figure 1). Citric acid showed a diffusion into the sausage during the stor-
age. The amounts decreased by 40.09% (0.8%), 29.19% (1.1%), and 44.39% 
(1.4%) (Figure 2), but the diffusion of calcium and magnesium was not 
influenced during the storage compared to the control.However, the reduced 
efflorescence formation could be explained by the pH-values of the surface 
of the sausages. The pH-values of the samples with 1.1% and 1.4% were al-
ways significantly lower (p < 0.05) compared to the control. Initially after dry-
ing the pH-values were for 1.1 and 1.4% of citric acid at 4.73 ± 0.03 and for the 
control at 4.90 ± 0.01. Furthermore, the pH-values of all samples increased 
during the storage of the sausages which could be caused by the diffusion 
of citric acid into the sausage. Because of that, the efflorescence formation 
may not be inhibited because a comparable pH-value to the control sample 
(4.90 ± 0.01) was reached after 6 weeks of storage (4.87 ± 0.02 for 1.1%; 4.84 
± 0.02 for 1.4%). The critical pH-value for the formation of white efflorescenc-
es on dry-fermented sausages could be ~4.80 due to the biggest decline of 
the citric acid content on the surface. At lower pH-values the magnesium- or 
calcium lactate complexes could be soluble and therefore no crystals can be 
formed on the surface (Table 1).
Conclusion
The results of the study clearly demonstrate that the pH-value and the cor-
responding citric acid content of the surface influences the efflorescence 
formation and furthermore that pH-values below 4.80 could inhibit the for
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Citric acid concentration (mg/g DM) 
Figure 2 Citric acid contents (mg/g DM) of the sausag-
es produced without or with the addition of citric acid. 

 
Image analysis 
Figure 1 Image analysis of the sausage surface with or without (con-
trol) the addition of citric acid.

 
pH-values Table 1 pH-values (mean ± standard deviation) of the sau-
sage surface layer produced without or with the addition of citric 
acid to the alginate gel during the storage of 8 weeks.
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Incorporation of gelled emulsions with α-tocopherol as fat replacer in heat-treated fermented sausages (#432)

Gamze İpek, Hülya S. Kavuşan, Meltem Serdaroğlu, Burcu Öztürk-Kerimoğlu
Ege University, Food Engineering Department, İzmir, Turkey

Introduction
As consumers are becoming more aware of healthy nutrition, researches 
related to reduction of toxic compounds resulting from oxidation in the meat 
industry have gained attention [1,2]. In this case, the use of gelled emul-
sions, which is a novel approach, may be an important solution for eliminat-
ing oxidative stress and the health risks caused by animal fats used in the 
formulation of meat products [3,4]. Some studies showed that using both 
GE and antioxidants had a better protective effect against oxidation in meat 
products [5,6]. Thus, in this study it was aimed to assess the effects of us-
ing gelled emulsion and tocopherol on the oxidative quality of heat-treated 
fermented sausages. 
Methods
Cold set emulsion gels were prepared according to Pintado et al. [7] with 
some modifications. Beef and beef fat were minced, 20% of beef fat was 
totally replaced with GE with/without α-tocopherol addition. Production of 
heat-treated sausages were carried out according to Zungur-Bastıoğlu et al. 
[8]. Peroxide, p-anisidine and TBARS values were determined throughout 
storage [9,10,11]. Colour was measured with a portable colorimeter (Konica 
Minolta, Japan).
Results
Peroxide, p-Anisidine and TBARS values of fermented sausages are given 
in Table 1. GE added samples showed higher peroxide values than control 
groups (p<0.05). Addition of tocopherol to samples formulated with 20% fat 
did not affect peroxide values (p>0.05), while incorporation of it to GE in-
creased peroxide value except 0th month (p<0.05). Using gelled emulsion 
(GE) caused an increment in p-Anisidine values (p<0.05). However, adding 
tocopherol to the gelled emulsion decreased p-Anisidine values throughout 
the storage (p<0.05), while direct addition of tocopherol did not have any 
decreasing effect except first month of storage. The lowest initial TBARS 
value was observed in CA1 samples (p<0.05), while other treatments were 
not significantly different from each other. At first month of storage, addition 
of tocopherol was unable to retard the oxidative changes and GE added 
samples showed highest TBARS values of all storage time values. At the 
end of the storage, the lowest TBARS values were found in CA1 samples 
and tocopherol decreased TBARS values both in direct addition and in GE 
formulation (p<0.05). 
Colour changes of fermented sausages are presented in Figure 2.  The high-
est initial L* value was seen in CA1 samples, while the lowest value was 

obtained in GEA1 samples (p<0.05). On 3rd month, all samples exhibited 
similar L* values. Since a* values are indicators of lipid oxidation, it was found 
that direct addition of tocopherol showed its antioxidant activity, but addition 
of tocopherol in gelled emulsion did not affect a* values positively. The high-
est initial b* value was found in GEA1 samples, at the end of the storage, b* 
values of CA1 and GEA0 samples increased (p<0.05).
Conclusion
In this study, it was shown that 100% replacement of beef fat with gelled 
emulsion containing healthier oils showed less oxidative stability than con-
trol groups, however using healthier oils without modifying by using emulsifi-
cation methods may show higher TBARS values when it is incorporated into 
meat product formulations, thus it is recommended that since different oils or 
antioxidants may show different oxidative stability, researches related with 
GE and utilization of antioxidant in GE should be studied in detail.
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Figure 1. Peroxide, p-Anisidine and TBARS values of fermented sausages 

 

Figure 2. Colour parameters of fermented sausages
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Effects of ascorbic acid and frozen storage condition on processing characteristics and oxidative stability of 
pre-rigor salted chicken breast (#450)

Jae Ho Ha, Dong Heon Song, Sin Woo Noh, Yu Ri Kim, Hyun Wook Kim
Gyeongnam national university of science and technology, Department of animal science & biotechnology, Jinju, South Korea

Introduction
Processing and economic advantages of pre-rigor muscle have been known 
well (Hamm, 1977). However, the practical use of pre-rigor muscle is mostly 
limited in the meat processing industry, in which there is no continues hot 
processing system (a series of slaughtering, deboning and manufacturing). 
In this regard, pre-rigor salting has been considered to preserve the pro-
cessing benefits, thereby inhibiting postmortem anaerobic glycolysis (Ber-
nthal et al., 1989). In fact, previous studies have indicated that the process-
ing characteristics of pre-rigor salted meat could be maintained for 14 days 
at chilled storage condition or for 6 weeks at frozen storage (Abu-Bakar 
et al., 1989; Sadler and Swan, 1996). However, accelerated lipid oxidation in 
pre-rigor salted meat has been observed during further storage (Torres et al., 
1988; Lee et al., 1997). In the way that freezing/thawing and frozen storage 
can accelerate lipid oxidation, oxidative quality changes in pre-rigor salted 
meat during frozen storage should be prevented for its practical use in the 
meat industry. Therefore, the aim of this study was to evaluate the effects of 
ascorbic acid (AA) and frozen storage condition on the processing charac-
teristics and oxidative stability of pre-rigor salted chicken breasts.
Methods
A total of 60 broilers (Ross 308 broiler, 4 weeks of age) was slaughtered in a 
commercial slaughterhouse. Immediately after evisceration, chicken breast 
muscles from both left and right sides of each carcass were obtained within 
15 min after slaughter. The left side of the chicken breast was ground using a 
meat grinder and separated into two portions for pre-rigor treatments. Each 
portion was mixed with 2% NaCl (w/w) or 2% NaCl (w/w) plus 500 ppm AA 
within 25 min after slaughter. The right side of chicken breast muscles was 
vacuum-packaged and stored at 2°C for 24 h (post-rigor treatment). The 
post-rigor muscles were salted as mentioned above. The pre- and post-rigor 
salted chicken breasts were vacuum-packaged and grouped into five stor-
age conditions; unfrozen control (in a 2°C refrigerator for 24 h), frozen at 
either -20°C or -70°C for 6 weeks and 12 weeks. On the target storage days, 
frozen samples were thawed in a 2°C refrigerator for 24 h before analysis. The 
frozen/thawed samples were used to determine pH value, cooking loss, pro-
tein solubility (Warner, 1997), emulsion activity index (Chan et al., 2011), tex-
ture profile analysis (Bourne, 1978), 2-thiobarbituric acid reactive substances 
(TBARS) value (Buege and Aust, 1978) and protein carbonyls (Levine et al., 
1990). An analysis of variance was performed on all the variables measured 

using the general linear model (GLM) procedure of the SPSS 18.0 program, 
in which two factors (4 treatments × 5 frozen storage conditions) and their 
interaction were considered as main effects. T-test and Duncan’s multiple 
range test (p<0.05) were used to determine the differences among treatment 
means.
Results
Pre-rigor salted chicken breasts showed higher pH value, EAI, protein sol-
ubility and some textural parameters (e.g. cohesiveness, springiness and 
chewiness) than post-rigor salted chicken breasts (p<0.05). However, the 
addition of AA had no impacts on the processing characteristics (p>0.05). 
Frozen storage of salted chicken breasts modified the protein solubility and 
textural properties (p<0.05). In particular, frozen storage for 12 weeks sig-
nificantly decreased the protein solubility and textural parameters, in which 
frozen storage at -70°C showed higher protein solubility, hardness, springi-
ness and chewiness compared to frozen storage at -20°C. Pre-rigor salted 
chicken breasts had a lower cooking loss than post-rigor salted chicken 
breast (Figure 1(a),  p<0.05), regardless of AA addition. All frozen/thawed 
chicken breasts showed a lower cooking loss than unfrozen control (Fig-
ure 1(b), p<0.05). The pre-rigor salted chicken breasts resulted in a lower 
TBARS value than post-rigor salted chicken breasts without AA (p<0.05). 
Frozen storage for 12 weeks increased TBARS value, however, there was 
no significant difference in TBARS value between unfrozen control and fro-
zen storage at -70°C for 12 weeks. Similar carbonyls content was observed 
among treatments (p>0.05). In addition, frozen storage for 12 weeks also 
resulted in significant protein oxidation of salted chicken breasts. However, 
frozen storage at -70°C had no impact on the carbonyls content (p>0.05), 
unlike lipid oxidation.
Conclusion
In this current study, the processing benefits of pre-rigor salted chicken 
breasts on water-holding capacity, protein solubility and textural properties 
were confirmed. However, frozen storage for 12 weeks resulted in the oxida-
tion of lipids and proteins, as well as, it diminished the protein solubility and 
textural properties. While the addition of AA had little impacts on the chang-
es in processing benefits during frozen storage, frozen storage at -70°C 
could prevent the extent of lipid oxidation. Thus, this study suggests that 
the frozen storage at -70°C may be effective in preventing oxidative quality 
changes of pre-rigor salted chicken breasts, including lipid oxidation.
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Figure 2. Oxidative stability of pre- and post-rigor salted chicken 
breast with ascorbic acid (AA).
a,bMeans in the samples with different letters are significantly differ-
ent (p<0.05).

  
Figure 1. Cooking loss of pre- and post-rigor salted chicken breast 
with ascorbic acid (AA).
a,bMeans in the samples with differ-
ent letters are significantly different (p<0.05).

 
Table 1. Processing characteristics of pre- and post-rigor salted chick-
en breast with ascorbic acid. 
All values are mean±standard deviation. a-dMeans within each column 
with different letters are significantly different (p<0.05).
1)AA: ascorbic acid. 2)NS: non-significance (p>0.05).
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A study on the reduction of the salt contents on pork sausage using the pre-rigor ham (#468)

Jiseon Choi, Changhoon Lee, Koobok Chin
Chonnam National University, Animal science, Gwangju, South Korea

Introduction
The cost for long-term storage of post-rigor muscle and the charge of space 
could be reduced with the pre-rigor muscle for the processed meat. The im-
provement of functional properties, such as water-holding capacity, emulsi-
fying ability, and binding ability could be expected during meat processing, if 
the pre-rigor muscle was used(Fischer et al., 1979; Honikel and Hamm, 1978). 
The addition of salt into the pre-rigor muscle could maintain higher pH value, 
resulting in good processing properties and increase the binding force and 
the cooking yield (Coon et al., 1983). Therefore, the objective of this study 
was to reduce the salt levels on pork sausage through the pre-rigor ham.
Methods
Sausages using post-rigor ham were manufactured at the regular-salt con-
centrations (1.5%), and those with pre-rigor ham were processed at different 
salt concentrations (0.5, 1.0, 1.5%). pH values and temperature were mea-
sured to confirm the state of pre-rigor and post-rigor. And pH and color 
values, protein solubility, cooking loss (CL, %), expressible moisture (EM, 
%), textural properties, lipid oxidation (TBAR), protein oxidation (VBN), and 
SDS-PAGE were measured. The experiment design was one-way analysis of 
variance at a significant level of 0.05.
Results
As shown in Figure 1, pre-rigor ham had higher pH value and temperature, 
compared to post-rigor ham. Pre-rigor muscle was defined as the meat pro-
cessing within 1 hour after slaughter (Fischer et al., 1979; Honikel and Hamm, 
1978). After processing the pork sausages (data were not shown), pre-rig-
or meat batter had higher pH values than post-rigor one(p<0.05). In pro-
tein solubility, pre-rigor sausages with various salt levels were not different 
from the post-rigor sausages (1.5% salt level). This result might suggest that 
pre-rigor muscle has a good protein solubility, and contributes to the de-
sirable textural properties in the final products. Pre-rigor cooked sausages 
had higher pH values than the post-rigor ones. However, no differences in 
color values, TBARS, and VBN were observed among pre-rigor (salt level 
of 0~1.5%) and post-rigor treatment (1.5%) salt (data were not shown). As 
shown in Table 1, cooking loss was not different among the treatments, and 
EM values of pre-rigor at 0.5% salt was higher than those at 1.5% salt. How-
ever, no differences were between pre-rigor sausages with 0.5 and 1.0% salt 
observed. Textural properties of pre-rigor sausages were similar to those of 
post-rigor sausages, regardless of salt levels. These results indicated that 
the reduced-salt sausages could be manufactured with the pre-rigor sau-

sages. Figure 2 showed the SDS-PAGE of pork sausages with pre-rigor and 
post-rigor loin cuts. A high intensity of myosin heavy chain band was shown 
in pre-rigor sausage compared in post-rigor sausage.
Conclusion
Pork sausages with pre-rigor ham at 1.0% salt had similar characteristics to 
those with post-rigor ham at 1.5% salt.  By using the pre-rigor ham, the salt 
content could be reduced by one third of the regular salt level (1.5%).
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Figure 1. pH values and temperature of pre-rigor and post-rigor ham 
a,b Means (n=3) having same superscripts in a same column are not dif-
ferent (p>0.05).

 
Table 1. CL, EM and textural properties of cooked pork sausages with 
pre-rigor(0~1.%%) or post-rigor 
a,b Means (n=3) having same superscripts in a same column are not dif-
ferent (p>0.05).

 
Figure 2. SDS-PAGE of pork sausages with pre-rigor or post-rigor ham 
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Evaluation of product quality of pre-rigor pork sausages with reduce salt as compared to post-rigor ones (#476)

HaEun Kim, Koobok Chin
Chonnam, Animal science, Guwangju, South Korea

Introduction
Excessive sodium intake increases the risk of chronic diseases, such as hy-
pertension, stroke and cardiovascular disease. Therefore, many studies for 
reduced-salt meat products have been progressed with improved process-
ing technologies. Pre-rigor muscle had high functional properties such as 
water-holding capacity, cooking loss, and juiciness compared to post-rigor 
muscle, since it had higher pH value than post-rigor muscle [1]. In addition, 
the lipid oxidation of meat products with pre-rigor muscle was retarded as 
compared to the post-rigor muscle [2]. The objective of this research was to 
assess the potential possibility to produce low-salt (<1.0%) pork loin using 
the pre-rigor muscle as compared to those with post-rigor ones.
Methods
Pre-rigor cured pork loin(< 1 hr after slaughter) with various salt levels 
(0~1.5%) were prepared with 3 cm thickness and compared to post-rigor 
muscle at the salt levels of 1.5%. pH values and temperature were measured 
to check if they were pre-rigor pork loins as compared with the post-rigor 
ones. Before and after cooking, pH values, temperature and color values 
(L*, a*, b*) of the loin cuts were measured. After cooking in the water-bath, 
salinity, lipid oxidation (TBARS), volatile basic nitrogen (VBN), cooking loss 
(CL, %), expressible moisture (EM, %) and shear values of cooked pork loin 
were measured during frozen storage (-70oC). Data were analyzed by two-
way (treatment *storage time) analysis of variance at significant level of 0.05.
Results
Since no interaction between treatment and storage time were observed 
(p>0.05), data were pooled by treatment and storage time. The pre-rigor 
pork loins had higher pH and temperature than post-rigor ones. Before cook-
ing, pre-rigor pork loins had lower a* values than the post-rigor ones (Table 
1). As storage time increased, a* values decreased, but no differences in pH, 
and L* and b* values were observed.
 pH values, and L * and a * values did not show any differences, but b* values 
of the pre-rigor pork loins at 0.5% salt were higher than those of post-rigor 
loins (Table 2). During 28 days of storage, pH values increased at 14 days 
of storage, but decreased thereafter. No differences in TBARS, VBN and 
EM values of hams between the pre- and post-rigor pork loins were ob-
served (Table 2). However, the shear force values (kgf) of the pre-rigor loin 
were higher than those of the post-rigor loin. This result indicated that the 
pre-rigor muscle improved the textural characteristics as compared to the 
post-rigor muscle.

CL (%) of pre-rigor at 1.0% salt was similar to those with post-rigor with 1.5% 
salt (Fig 1). This result was partially due to higher pH of the pre-rigor muscle, 
resulting in similar values with post-rigor [3].
Conclusion
Pre-rigor pork loins with 1.0% salt showed similar characteristics to post-rig-
or pork loins with 1.5% salt level, which could be reduced the salt level by 1/3 
of the original salt levels and could be produced the pork loin with reduced 
salt levels without detrimental effects. In addition, the frozen storage affected 
pH, b* values, TBARS, VBN and shear values.

 
Fig 1. Cooking loss (CL, %) of pork loins with pre-rigor at various salt 
levels (0~1.5%) and compare a, c Means with having different super-
scripts within same column are different (P<0.05).



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

385

Notes
 

 
Table 2. pH, color values, TBARS, VBN, shear values and EM values 
and salinity of cooked pork loins 
a-c Means with having different superscripts within same row are dif-
ferent (P<0.05).

 
Table 1. pH and color values of raw pork loins post- and pre-rigor with 
various salt levels 
a, b Means with different superscripts within a same row are different 
(P<0.05).
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Phosphate reducing potential of apple pomace and coffee silver skin in irish breakfast sausage using a mixture 
design approach (#494)

Karthikeyan Palanisamy Thangavelu1, 2, Carlos Álvarez1, Brijesh Tiwari1, Ciara K. McDonnell1, 3, Joseph P. Kerry2

1 Teagasc Food Research Centre, Department of Food Quality and Sensory, Dublin 15, Ireland; 2 University College Cork, School of Food and Nutritional Sciences, Cork, Ireland; 3 Commonwealth Scientif-
ic and Industrial Research Organisation, CSIRO Agriculture and Food, Brisbane, Australia

Introduction
Consumers demand for high quality and minimally processed food has re-
sulted in the clean label trend in meat products, whereby the use of additives 
in the product formulation is avoided. One such recent trend in the meat 
industry is the removal of phosphate which serves several functions in pro-
cessed meats such as improving water holding capacity (WHC), emulsion 
stability, texture and sensory qualities [1]. It remains challenging to replace 
phosphates in meat products due to its unique mechanistic buffering and 
chelating properties within the meat cell. Studies have been made to replace 
phosphates with natural ingredients like starch, proteins and fibres, but this 
often results in a loss of quality [2]. Apple pomace powder and coffee silver 
skin powder are fibre-rich food by-product substances that could serve as 
phosphate replacers in sausages. Hence, the objective of the study was to 
make a detailed characterisation and optimisation of apple pomace powder 
and coffee silver skin powder as phosphate replacers in breakfast sausages 
using mixture design software approach.
Methods
Two pork loins (pH > 5.5) per block were purchased (Gleeson Butchers, 
Ireland). Back fat was separated from the lean meat and each component 
was minced (Meat Grinder MG510, Kenwood, UK). All sausage formulations 
(1Kg) were made containing lean pork meat (58%), pork back fat (20.35%), 
water/ice (13.45%), rusk (5.75%) and seasoning (1.45%) along with the mix-
ture designed ingredients (1%) as described in Table 1 (Design Expert v. 10, 
Minneapolis, USA). 
The ingredients were mixed together in a mixer and placed in collagen 
casing of 1.5cm diameter using the same meat mincer with a sausage filler 
attachment. The sausages were then covered in cling film on a retail tray 
and stored at 4°C for 24h before being analysed for water holding capacity 
(WHC), texture profile analyses (TPA), colour (L*, a* and b*), low-field nu-
clear magnetic resonance (LF-NMR) and proximate composition. The factor 
response characteristics of ingredients were studied using I-optimal design 
type with quadratic design model for three ingredient mixture systems with 
three meat blocks.
Results
Three constraints were employed for ingredients, (i) sodium tripolyphos-
phate (≤0.5); (ii) apple pomace (X2) (≤1); (iii) coffee silver skin (X3) (≤1). No 

significant changes were observed in the proximate analysis of the raw sau-
sages except for the fibre contents. It was also observed that NMR relaxation 
times were not significantly affected by formulations (p>0.05). However, the 
response values showed that there is significant change (p<0.05) in the val-
ues of WHC, cook loss, colour and textural parameters of each run. Results 
showed (Table 1) that apple pomace and coffee silver skin on their own did 
not perform well when phosphate is completely removed (treatment run 1, 2, 
3, 7, 8, 10 and 15). However, the WHC and cook loss values of treatment run 
11 and 12 (Table 1) were 88.63% & 5.58 % and 87.53% & 5.93%, respective-
ly,  indicating that a reduction in phosphate content can be made resulting in 
better WHC and low cook loss values.
Conclusion
The model successfully indicated that almost a 50% reduction in phosphate 
could be achieved when using clean label ingredients, without any loss in 
WHC and cook loss quality.
Acknowledgements
The funding for this research was kindly provided by Teagasc and the Walsh 
Fellowship Scheme.
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Figure 1 Contour plot for (a) WHC (%) and (b) Cook loss (%) influenced 
by Sodium Tripolyphosphate (STTP); Apple pomace (AP) and Coffee sil-
ver skin (CSS).

 
Table 1 Experimental design of mixture components in sausage formula-
tions
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Quality characteristics of reduced-salt sausages using the pre-rigor muscle during frozen storage at different 
temperatures (#496)

Geon Ho Kim, Koo Bok Chin
Chonnam National U, Animal Science, Gwangju, South Korea

Introduction
Salt is an important ingredient for processed meats, because it improved 
flavor, emulsifying capacity, and inhibited the growth of microorganisms in 
meat products. However, the excessive levels of salt in processed meats can 
cause cardiovascular disease in the consumers. Thus, Scientific Advisory 
Committee on Nutrition (SACN) recommended that the daily intake of sodi-
um should be reduced to 6 g or less, and that the additional levels as food 
should be as low as 2300 mg per day. Pre-rigor processed meat showed 
higher extractable salt soluble proteins, and it increased water-holding ca-
pacity by the addition of salt. Therefore, the objective of this study was to 
evaluate the quality characteristics of pork sausage (PS) using the pre-rigor 
muscle to reduce the salt levels for meat products.
Methods
Pork hams were prepared with the state of pre-rigor (< 1 hr after slaughter) 
and post-rigor (1 day after slaughter). Sausages with post-rigor muscle at 
the salt levels of 1.5% were manufactured, while those with pre-rigor muscle 
at salt levels of 1.0% were processed. There were two factors, storage time 
(0, 4, 8, 12 weeks) and temperature (-30, -70°C) of meat batter. Accordingly, 
PSs were prepared 4 treatments (HC=PS (1.5% salt) with post-rigor muscle 
stored at -30°C; LC=PS (1.5% salt) with post-rigor stored at -70°C; HH=PS 
(1.0%) with pre-rigor muscle stored at -30°C; LH=PS (1.0%) with pre-rigor 
PS stored at -70°C. The pH, temperature, protein solubility, SDS-PAGE of 
raw meat batter were measured, while pH and, color values, cooking loss 
(CL, %), expressible moisture (EM, %), textural properties, lipid oxidation 
(TBARS), protein oxidation (VBN) of cooked sausages were measured. Data 
were analyzed by two-way analysis of variance (ANOVA) using IBM SPSS 
Statistics 23 (SPSS Inc., Chicago, IL, USA).
Results
The pH values and temperature of pre-rigor pork ham (6.07±0.21; 34.4±1.92) 
were higher than those of post-rigor one (5.68±0.85; 12.3±9.40). Before 
cooking the PSs, the pH values of LH were higher than those of HC and LC 
(Table 1). At the initial storage, the lightness (L*) and yellowness (b*) values 
were highest, and the redness values were lowest. These were partially due 
to the differences of the frozen and non-frozen. No differences in protein 
solubility were observed among the treatment.

As shown in Table 2, after cooking the PSs, no differences were observed in 
pH, color values and cooking loss. However, the expressible moisture of LH 
and HH were the higher than those HC. This result suggested that the higher 
the salt level of the PS, the higher the water holding capacity.
As shown in Table 3, the lipid oxidation, protein oxidation and textural proper-
ties of sausages were not affected by salt levels and state of pre or post-rig-
or. These results were supported by Berry et al. (1986) who reported that 
there were no differences in textural properties of restructured beef steaks, 
regardless of rigor state and salt levels.
Conclusion
Regardless of storage time and temperature, pre-rigor PSs with additional 
level of 1.0% salt had the same characteristics as the post-rigor with 1.5% 
salt. By using the pre-rigor, the salt content could be reduced by one third of 
original salt level. In addition, the frozen storage of raw meat batter affected 
the color values, while, it didn’t affect the characteristics of cooked sausag-
es.
 

 
Table 3
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Increasing salt impression due to pef-treatment of low salt-cured, cooked ham (#506)

Franziska Witte, Katrin Heinzelmann, Ernst Söhnel, Volker Heinz, Nino Terjung, This IGF project of the FEI is supported via AiF within the programme 
for promoting the Industrial Collective Research (IGF) of the German Ministry of Economics and Energy (BMWi), bases on a resolution of the German 
Parliament.
German Institute of Food Technologies, Quakenbrück, Germany

Introduction
Through the application of new technologies like PEF (pulsed electric fields), 
salt diffusion shall be improved to 1) reduce ham’s salt content while ensuring 
same taste and salt impression such as in commonly cured, cooked ham, 2) 
to avoid damage of meat cells, which is caused due to brine injection and 
furthermore 3) to avoid microbiological contamination caused by injection 
needles. Generally, PEF opens cells due to electroporation, which, in this 
context, shall enable the reduction of total salt content while securing micro-
biological stability and familiar taste. Moreover, this exerts a positive effect 
on the nutritional value.
Methods
Raw top- and silverside of pork ham was treated in a PEF-pilot plant system 
with an electric field strength of 1 kV/cm and an energy input of 10 kJ/kg. 
Control hams were not PEF-treated. Thereupon, control and PEF-treated 
hams were rubbed with a mixture of 0.05 % ascorbic acid and 1.6 % curing 
salt (therein 0.9 % sodium-nitrite), tumbled for 16 hours and cooked until 70 
°C core temperature. After tumbling and before cooking, half of the samples 
were stored for 96 hours at 2 °C to let salt diffuse and also to examine differ-
ences due to PEF-treatment.
Since hams were produced without phosphate, cooking loss was deter-
mined before (after PEF-treatment) and after cooking. pH of raw top- and 
silverside was determined via testo 480 (Lenzkirch, Germany) and results 
were pooled. Firmness of ham (20 x 20 mm stripes) was determined via 
TA-XT2 (Stable Micro Systems Ltd. (Guildford, UK) with a 2,0 mm/s accel-
erated/speeded blade and measurement distance of 30 mm. Water hold-
ing capacity (WHC) was analyzed from ham samples with a geometry of 
10 x 10 x 2 mm and placed between filter paper. After that a 5,000 g stamp 
was load for 5 minutes on each sample. WHC was determined by calculating 
the differences before and after pressure. Colour of samples was analyzed 
via L*a*b* measurement with CM-600d from Konica Minolta Sensing Inc. 
(Marunouchi, Japan), whereas in this abstract only brightness (L*-value) is 
considered. For determining sensory attributes, an evaluating test with a 
10-point-scale was conducted from 8 trained panelists, whereby 10 means 
firm, juicy, bright or salty.
Results
Figure 1 emphasizes differences between pH-values of raw, untreated hams 

and illustrates differences in cooking loss with no dependency to pH. 
After storage of tumbled control hams, a tendency to a softening in terms 
of mechanical and sensorial firmness was measured, whereas PEF-treat-
ed and stored samples are firmer (Fig. 2). Interestingly, the firmer samples 
were scored as more juicier, although WHC is not affected by treatment 
(Fig. 3). Mechanical brightness is also not affected by treatment, although 
PEF-treated samples were scored brighter (Fig. 4).
Furthermore, saltiness was recognized most intensive for PEF-treated sam-
ples (5.09 ± 1.75), followed by control + storage (4.76 ± 2.39), control (4.58 
± 1.36) and lastly PEF-treated and stored samples (3.72 ± 1.97) in sensorial 
evaluation. Storage time between tumbling and cooking seems to reduce 
PEFs influence on salt reduction. In addition to that, a visual greyish spot 
was obvious in one of the PEF-treated and directly cooked hams, which 
could be due to insufficient diffusion time or is animal-dependent. However, 
reasons for un-fully reddening are currently examined.
Conclusion
Salt content could be reduced since 10 kJ PEF treated samples were de-
scribed as saltier. Furthermore, by applying more energy (> 10 kJ) this influ-
ence should be more pronounced. How PEF-treatment influences meat cells 
and thus salt diffusion and how much additional low-pressure application of 
nitrogen contributes to salt reduction, needs to be determined in follow up 
trials. 

 
Mechanical determined firmness, juiciness and brightness in compar-
ison to sensorial results Figure 2: Left: mechanical (N) [white] (n=16) 
and sensorial (score) [grey] (n=16) determined firmness; Middle: me-
chanical (%) [white] (n=12) and sensorial (score) [grey] (n=16) de-
termined juiciness; Right: mechanical ( ) [white] (n=20) and sensorial 
(score) [grey] (n=16) determined brightness for control, PEF-treat-
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ed, control and stored as well as PEF-treated and stored samples.  

 
pH-value ( ) and cooking loss (%) for control and PEF-treated samples 
Figure 1: pH-value ( ) [white] (n=12) and cooking loss (%) [grey] 
(n=2) for control, PEF-treated, control + stored as well as PEF-treat-
ed + stored samples.
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Additive-free vegan emulsion-type sausages based on meat and fat substitutes (#507)

Marie-Christin Baune1, Marlene Völler1, Sarah Schroeder1, Franziska Witte1, Volker Heinz1, Jochen Weiss2, Nino Terjung1, This IGF Project of the FEI is/
was supported via AiF within the programme for promoting the Industrial Collective Research (IGF) of the German Ministry of Economics and Energy 
(BMWi), based on a resolution of the German Parliament.
1 German Institute of Food Technologies, Product Innovation, Quakenbrück, Germany; 2 University of Hohenheim, Institute of Food Science and Biotechnology, Stuttgart, Germany

Introduction
The gel-sol-gel transformation of meat proteins during emulsion-type sau-
sage production relies on the ingredients. Salt and water allow solubilization 
of meat proteins, which in turn link insoluble, crushed meat fibers and ho-
mogenized fat particles in a continuous protein-gel network after heating. 
Owing to unique texture of meat proteins, texture of many vegan analogs is 
not as good as of meat sausages. Moreover, customers want additive-free 
products. As it is known that functional plant proteins can form protein-gel 
networks after heat induction [1], we hypothesized that an additive-free 
vegan emulsion-type sausage can be made by transferring the gel-sol-gel 
transformation process to plant proteins. Based on the original process, an 
improve in texture was assumed if, besides solubilized proteins, insoluble 
protein fibers (meat substitute) and solid fat emulsions (fat substitute) are 
used (Fig. 1). To test these assumptions, three independent experiments 
were carried out. 1) Meat substitute from soy protein concentrate was pro-
duced by high-moisture extrusion and the effect of temperature on protein 
solubility and gelling ability was analysed. 2) Canola oil was dispersed in 
aqueus suspensions, containing soy or pea protein isolate (fat substitutes), 
and after heating firmness and stability were determined. 3) Ingredients were 
combined and vegan sausages, based on protein, fat and water, produced. 
Firmness and cut resistance at cold (lyoner-type) and hot (wiener-type) 
state were compared to a vegetarian sausage standard.
Methods
Meat Substitute
Soy protein concentrate (Solae, US) was extruded using twin-screw extrud-
er ZSK 27MV Plus (Coperion GmbH, DE) with dye FKD-750 (DIL e. V., DE), 
and bowl chopped adding 1/3 water to create crushed fibers. The effect of 
temperature on protein solubility (20, 70, 90°C) was analysed in comparison 
to the powder. Least gelation concentration (LGC) was determined accord-
ing to Sathe et al. [2] (90°C, 15 min). Gel firmness was measured with texture 
analyzer TA-XT2 (Stable Micro Systems, UK) and elasticity with oscillation 
rheometer (TA Instruments, DE).
Fat Substitute
Different ratios (65:35, 70:30, 75:25) of canola oil and aqueous protein sus-
pension [8.0–11.5% soy (Yihai Kerry, CN) or pea protein isolate (Cosucra, 
BE)] were dispersed using Ultra Turrax® T25 with dispersion tool S25N 25G 

(IKA Labortechnik, DE). After heating (65°C) and cooling (4°C), firmness was 
determined (v. s.). The effect of protein concentration on elasticity (v. s.), 
droplet-size distribution (Mastersizer 2000, Malvern Instuments, UK), ex-
tractable fat (petrol-ether) and structure (CLSM Eclipse E600, Nikon, JP) 
was analyzed, using o/w ratio 70:30.
Sausage
70% meat substitute (79% extrudate, 21% water) and 30% fat substitute (70% 
o/w, 11.5% protein) were dispersed (bowl chopper), filled in artificial casings 
(Ø 60 mm) and heated to 72 (like a meat sausage) or 85°C (used for veg. 
standard). Cut resistance and firmness (texture analyzer) were compared to 
a veg. standard (Frutarom, DE).
Results
Meat Substitute
Even after extrusion, gelling ability was given (Fig. 2 A) but LGC increased 
and share in soluble proteins halved compared to the powder. Temperature 
had a positive effect on solubility with highest values for protein powder after 
heating to 90°C. The extrudate gel was considerably firmer and more elastic 
than the powder gel, which might be explained by the lower protein solubil-
ity which negatively correlates with firmness [3], but notably solid content 
of extrudate gels was slightly higher than of powder gels. Mixtures of both 
could be used to modify texture.
Fat Substitute
After detailed analyses of solidyfied emulsions, 70% oil and 11.5% protein in 
suspension resulted in firmest as well as heat stable products (Fig. 2 B). Soy 
emulsions proved to be firmer but less elastic and slightly less stable than 
pea emulsions, as oil droplets were bigger, amount of extractable fat high-
er and satisfaction of the system reached. Due to different properties both 
emulsions were used for sausage production.
Sausage
At cold and hot state, cut resistance of sausages made with soy emulsion 
was significantly higher than of veg. standard, whereas pea-emulsion sau-
sages showed relatively low resistance (Fig. 3). Firmness of both emul-
sion-type sausages was considerably lower than of veg. standard. These 
results indicate, that properties of the fat emulsions (firmness, elasticity) and 
proteins (aggregation) are crucial for overall sausage firmness and bite. A 
higher heating temperature had a positive impact on cut resistance and firm
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ness. This can be explained by insufficient protein denaturation and aggre-
gation at low temperatures due to high denaturation temperature (≥ 85°C) of 
11S globulins [4, 5]. Reheating had a negative impact on cut resistance which 
can be explained by the thermoplastic, irreversible character of protein ag-
gregates [6].
Conclusion
We concluded that the gel-sol-gel transformation process can be transferred 
to plant proteins and that the protein used for fat substitute as well as prop-
erties of fat substitute are crucial for overall sausage firmness. The optimal 
protein and fiber concentration as well as improved fat emulsions are neces-
sary to enhance sausage firmness and bite.
References
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Figure 2, Appearance of meat substitute and fat substitute
A, Appearance of soy protein powder and fiber-based gels (meat sub-
stitute). Gels were prepared with least gelation concentration: 14% 
and 16% solids for powder and fiber-based gels, respectively. B, Ap-
pearance of pea and soy protein-based fat emulsions. Emulsions were 
prepared dispersing 70% canola oil in 30% aqueous protein suspension 
(11.5% protein)
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Figure 1. Scheme of sausage manufacture and process transformation to 
vegan sausages. 

 

 
Figure 3, Firmness and cut resistance of pea/soy emulsion-based sau-
sages compared to a veg. standard 
A, Intersections of the vegan sausages prepared with soy extrudates 
and pea or soy protein-based fat emulsion in comparison to the vege-
tarian (veg) standard. The latter was manufactured at 85°C (manufac-
turer’s instructions), while the vegan sausages were manufactured at 
both, 72 (meat sausage) and 85°C. B, Plotted is the sausage firmness 
in Pa (left graph) dependent on production temperature, 72 (dark 
grey bars) or 85°C (light grey bars), and the cut resistance in N of 
respective sausages (right graph) at cold state (lyoner-type; darker 
bars) and after reheating (wiener-type; lighter bars).
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High-moisture extrudates can rebuild their meat-like structure (#519)
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was supported via AiF within the programme for promoting the Industrial Collective Research (IGF) of the German Ministry of Economics and Energy 
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Introduction
High-moisture extrudates (HME) are known to have a fibrous meat-like 
structure which allows manufacture of improved meat analogs [1], but only 
if complete HME chunks are used. If finely chopped HME is required, e. 
g. in case of emulsion-type sausage analogs, the previously generated fi-
ber structure is destroyed. Nevertheless, based on a sausage meat batter, 
we assumed that the addition of finely chopped HME, resembling insoluble 
meat fibers, can improve the texture of sausage analogs. Yet, a preliminary 
test revealed that the addition of finely bowl-chopped HME (ø approx. 23 – 
25 µm) to a vegan sausage compound resulted in grittiness perception [2], 
which was explainable by the oral particle-perception threshold of approx. 
23 µm [3]. Finer particles were neither generated through other devices nor 
through the addition of water during the bowl-chopping process. As it is 
known, that gelling reduces the threshold for grittiness perception, too [3], 
the use of gelled HMEs could be an alternative to particle size diminution. It 
is known, that solubilized functional plant proteins can form protein gels after 
heating [4]. However, it is unclear if this is also true for HMEs which already 
suffered high temperatures and pressures during the extrusion process [5]. 
For this reason, gelling ability of HME from pea, pumpkin and sunflower was 
tested and compared to gelling ability of respective protein powders.
Methods
Pea protein isolate, pumpkin and sunflower flour were extruded using twin 
screw extruder ZSK 27MV Plus (Coperion GmbH, DE) with cooling dye FKD-
750 (DIL e.V., DE). HMEs were chopped (vacuum bowl chopper) by addition 
of 1/3 water. Least gelation concentration (LGC) of chopped HMEs and re-
spective powders was determined according to Sathe et al. [6] using sus-
pensions containing 12-22 % solids (always powder content). The effect of 
extrusion, and temperature (20, 70, 90 °C) on protein solubility was analyzed 
via nitrogen content in stock solution and supernatant (Dumas). Effects of 
Extrusion on gel firmness and elasticity were analyzed via texture analyzer 
TA-XT2 (Stable Micro Systems, UK) and oscillation rheometer (TA Instru-
ments, Germany). The effect on gel structure was analyzed using confocal 
laser scanning microscope (CLSM) Eclipse E600 (Nikon, Japan) and scan-
ning electron microscope (SEM) JSM-6460LV (Jeol GmbH, Germany).
Results
Even after extrusion all analyzed proteins possessed gelling ability and the 

fibrous structure of HMEs was rebuilt. LGC of pea HME increased while 
share in soluble proteins decreased (about 30 %). By contrast, LGC of pump-
kin HME decreased and share in soluble proteins was unaffected while LGC 
of sunflower HME stayed unaffected with a strong decrease (30 %) in protein 
solubility (Tab. 1). Li and Lee [7] hypothesized that protein solubility is more 
negatively affected during extrusion if the amount of cysteine in the protein is 
high. According to literature sunflower and pea protein have a higher amount 
in cysteine-rich 2S albumins than pumpkin [8-11], which could explain the 
higher loss in solubility. Elasticity and firmness of pea HME-based gels was 
much higher than of powder-based gels. By contrast, elasticity and firm-
ness of pumpkin and sunflower HME-based gels was much lower than of 
powder-based gels. CLSM and REM analyses of pea protein powder-based 
gels revealed linked, coarse particles while HME-based gels showed an 
anisotropic fibrous structure with a finer network, explaining higher firmness 
and elasticity. In case of pumpkin, the fibrous structure and cross-linking of 
proteins was nearly absent in powder-based gels. Proteins rather aggregat-
ed, explaining the high firmness. In case of sunflower a cross-linked net-
work in both sunflower gel types was revealed, but in the HME-based gels 
the structure was coarser explaining the higher elasticity and firmness of 
powder-based gels (Fig. 1). On the one hand the results indicate that ex-
truded proteins can improve the gel-structure as particulate or aggregated 
structures are converted in a fibrous network which could improve sausage 
texture and reduce grittiness perception. On the other hand, extruded pro-
teins loosen the gel-network structure which in turn reduced firmness and 
elasticity of the gels and could have a negative impact on sausage texture.
Conclusion
High-moisture extrudates can form protein gels which rebuilt their fibrous 
structure. HME-gels could reduce the grittiness perception if added to veg-
an sausages but may reduce firmness and elasticity. The impact of HME-
based gels on sausage texture as well as the effect of salt on gel firmness 
and elasticity needs to be further analyzed.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

396

Notes

 
Tab. 1, LGC and solubility of pea, pumpkin and sunflower protein prod-
ucts before and after extrusion 
Listed are the least gelation concentration (LGC) in % and the share 
in soluble proteins in % (at 20 °C) for protein powders of pea, 
pumpkin and sunflower and  respective high moisture extrudates (HME).

 
Figure 1, Structural changes of powder and HME-based gels from pea, 
pumpkin and sunflower.  
Gels were prepared with respective LGC. Bars: 50 µm. 
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Utilization of plant proteins for solid fat substitutes (#522)
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Introduction
The rising interest in meat analog products is based on four major trends: 
growing world population, an increasing interest in nutritional and environ-
mental aspects, as well as an increase in the vegetarian diet [1]. Unfortunate-
ly, due to lack of solid fat alternatives, palm oil is used in many vegan prod-
ucts (e. g. VEGGYNESS Vegan Chorizo from TOPAZ GmbH or CHEATIN 
Chicken Style Slices from V-Bites Foods Limited). Palm oil is known to have 
a negative environmental impact as deforestation, in order to make way for 
oil palm plantations, destroys the habitat of many species [2]. For people that 
pay attention to environmental aspects, these products are unsuitable. In the 
past years, organogels – dispersed vegetable oils, mineral oils or organic 
solvents that are structured by an organogelator – became of interest of in-
dustry. They provide solid-like properties and high nutritional quality, as use 
of saturated fatty acids can be avoided. Oleogels can be induced directly, e. 
g. by heat, causing reorganization of gelators or indirectly by emulsification 
or solvent exchange technique [3]. Based on the indirect induction by emul-
sification, the eligibility of plant protein isolates (1x soy, 2x pea and 1x pota-
to) to form solid fat emulsions from canola oil was analyzed and respective 
emulsion properties evaluated, aiming a fat substitute for vegan sausages.
Methods
Canola oil and protein suspensions (8.0 – 11.5 % (w/w) protein) from pea 1, 
pea 2, soy and potato protein isolate were emulsified with different ratios 
(o/w 65:35 – 75:25) using Ultra Turrax® T25 with dispersion tool S25N 25G 
(IKA Labortechnik, Germany) at 16,000 rpm until solid. After heating to 65 
°C and subsequent cooling (4 °C), the optimal ratio of protein and oil was 
determined visually by emulsion appearance (homogenous, non-emulsified 
oil, instable) and instrumental by firmness using texture analyzer TA-XT2 
(Stable Micro Systems, UK). The effect of protein concentration on emulsion 
structure and stability was analyzed via CLSM (Eclipse E600, Nikon, JP), 
oscillation rheometer (TA Instruments, DE), droplet-size distribution in cream 
(Mastersizer 2000, Malvern Instuments, UK), and amount in extractable fat 
(petroleum ether extraction), using 70 % o/w emulsions.
Results
First, different amounts of oil and 8.0 – 11.5 % (w/w) protein suspension were 
dispersed to analyze the effect of oil-to-protein ratio on emulsion-gel firm-
ness. Maximum pressure and thus firmness of the emulsions increased with 
increasing protein and oil content. In case of pea 1 the emulsifying capacity 
was reached at o/w ratio 75:25 with 11.5 % protein in suspension, indicated 

by emulsion instability and phase separation. Also soy emulsions with o/w 
ratio 75:25 and 11.5 % protein in suspension decreased in firmness. Generally, 
firmness was in ascending order pea 1 < pea 2 ≤ potato < soy, whereat at 
o/w ratio 70:25 and 11.5 % protein in suspension potato formed by far the 
firmest emulsions. To allow comparison of all proteins, an o/w ratio of 70:30 
was chosen to analyze the effect of protein concentration on emulsion-gel 
structure and stability. Particle size distribution with 8, 10, and 11.5 % pro-
tein in the continuous phase indicated macro emulsions. Smallest volumetric 
mean diameters (D[4,3]) of oil droplets in cream were obtained with 8 % 
pea 1 and 10 % pea 2 protein, 18 and 13 µm, respectively, while potato (10 
% optimum) and soy (8 % optimum) revealed mean diameters of 47 and 70 
µm (Tab 1). The amount of extractable fat reflected these results with lowest 
percentage for pea 1 and 2 emulsions (< 2 % and < 0.5 %), followed by soy 
with a slightly higher percentage (5 – 7 %). Potato emulsions emerged to be 
instable as extractable fat was > 25 %. A closer view by CLSM revealed that 
potato protein formed a fine gel-network instead of forming an interphase 
between oil and water droplets. Thus, it did not function as emulsifier, point-
ed up by non-emulsified oil explaining the high amount of extractable fat 
and the high firmness (Fig. 1). By contrast, leguminous proteins formed an 
interphase between oil and water. For them, it is known that protein gelling 
only occurs upon heating [4, 5] allowing the action as emulsifiers prior to 
heat-induced gel formation. All leguminous proteins microscopically showed 
insufficient emulsification when 8 % protein suspension was used. These re-
sults are reflected in the droplet size distribution, as besides many small also 
many big droplets are present. Consequently, D[4,3] values alone cannot be 
used to make a statement about how finely dispersed oil is. Increasing pro-
tein concentration reduced droplet size and enhanced dispersion matching 
the increasing firmness. For soy, saturation of the system was shown using 
11.5 % protein suspension. Optimum protein amount for pea 2 and soy can be 
assumed between 10 and 11.5 % and needs to be further examined.
Conclusion
We conclude that potato protein is an improper emulsifier due to its ability to 
form polymeric gel networks after solubilization. Leguminous proteins, which 
form aggregated dispersions, suit better to incorporate emulsified oil in the 
gel network.
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Figure 1.  CLSM images of potato (a, b) and soy protein emulsions (c, 
d). Emulsions were made with o/w ratio 70:30 and 8 % protein in sus-
pension. Protein was stained with Fluorescein (green signals) and 
canola oil with Nile red (red signals). Enlargement: 10x (a, c) and 
60x (b, d). Bars: 15 µm.

 
Table 1, Volume mean diameter D[4,3] (µm) values of Pea 1, Pea 2, Po-
tato and Soy-based Emulsions. Emulsions were prepared with canola 
oil and o/w ratio 70:30 using 8, 10 or 11.5 % protein in suspension.
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Effect of extrudate amount and particle size on texture of dry-fermented sausage analogues (#524)

Eva Herz, Till Kinne, Sabine Schäfer, Kurt Hermann, Monika Gibis, Jochen Weiss
University of Hohenheim, Institute of Food Science and Biotechnology, Department of Food Physics and Meat Science, Stuttgart, Germany

Introduction
Facing challenges such as the growing world population and the urgency to 
reduce our ecological footprint in conjunction with increasing ethical aware-
ness by consumers has shifted the focus on replacing the high intake of an-
imal-derived products by plant-based alternatives and analogues. Moreover, 
the meat consumption in most western countries has steadily decreased 
over the last years, whereas the demand for plant-based alternatives has 
continuously grown, creating also an economic interest for the development 
of plant-based meat-alternatives. A variety of vegetarian and vegan sau-
sages analogues has already become established on the market. However, 
the range of products lacks in vegan analogues to dry fermented sausages. 
To create a plant-based dry fermented sausage analogue, we hypothesized 
that protein suspensions forming acid- and/or heat-induced gels will hold 
together fat particles and extruded proteins with fibrous structure, which will 
resemble the structure of classical dry-fermented sausages.
Methods
The aim of this study was to investigate the effect of different compositions 
on the structure of vegan salami analogues, in particular, the extent and 
limits of fat and high-moisture extrudate particle embedment into the sys-
tem. Furthermore, the influence of particle size of comminuted extrudates on 
textural properties was investigated. A bowl chopper was used to prepare 
soy protein isolate suspensions and to comminute soy protein extrudates 
and fat mimetics, separately from each other. Subsequently, the components 
were mixed and glucono-delta-lactone (to reach a final pH of 5.8), salt (2%), 
spices and red beet powder were added. Fat mimetics were held constant 
at 15% (w/w) while comminuted extrudate particles were added in amounts 
of 15-55% (w/w). Mixtures were filled into cellulose casings, heated to 85 ⁰C 
core temperature to ensure microbial stability and dried to 30% weight loss 

in a process similar to traditional dry fermented meat-sausages. Samples 
were analyzed among protein content, dry matter content, texture and in a 
sensory evaluation by 20 trained panellists.
Results
All sausage analogue compositions led to firm, sliceable products. With in-
creasing extrudate content, the hardness, measured by TPA, increased from 
~60 N at 15% extrudate content to ~125 N at 55% extrudate content. Sen-
sory evaluation showed the same effect. Concurrently, the cohesiveness, 
measured by TPA, decreased with increasing extrudate content from ~0.5 at 
15% extrudate content to ~0.25 at 55% extrudate content. Similarly, the sen-
sory evaluation revealed an increased crumbliness with increasing extrudate 
content. Additionally, increasing extrudate contents in vegan salamis led to 
increased dryness, where samples with >45% extrudate content (dry matter 
~50%) were rated clearly too dry in a sensory evaluation.
Furthermore, the variation of comminuting extrudates to different particle 
sizes only had slight effects on the texture of dry fermented sausage ana-
logues. TPA measurements only showed a slight decrease in cohesiveness 
with increasing particle size, whereas other parameters were not affected. 
The sensory analysis only revealed a distinct effect on visual appearance, 
where samples were rated better with decreasing particle size.
Conclusion
The results of this study proved our hypothesis, that the production of plant-
based dry fermented sausage analogues, by embedding comminuted ex-
trudate and fat particles into a gelled protein suspension, is possible. While 
the firmness of the product can be modulated by the amount of extrudate in 
the system, the lack of cohesiveness, also expressed as high crumbliness in 
sensory tests, couldn’t be solved with our system. Therefore, further studies 
on the adhesive properties of the binder system are necessary.
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Effects of postmortem deboning time on texture characteristics of cooked chicken breast meat patties (#555)

Hong Zhuang, Brian Bowker
US National Poultry Research Center, Quality and Safety Assessment, Athens, US

Introduction
Due to its high protein and low fat content, ground chicken breast meat is 
becoming more common in the US market. However, there is a lack of in-
formation about how whole chicken breast meat quality affects the ground 
products. With lamb loins it has been shown that postmortem aging can 
directly affect the quality of comminuted products. It is also well known that 
the postmortem time at which chicken breast fillets (pectoralis major) are 
removed from carcasses results in significant changes in texture quality of 
cooked products. The objective of the present study was to evaluate in-
strumental texture measurements and sensory descriptive texture profiles 
of cooked patties made from ground chicken fillets deboned 2 or 24 h post-
mortem. Intact chicken fillets deboned at the same postmortem times were 
also evaluated for comparison.
Methods
Post-chill carcasses of broilers (6 wk old) were procured from a local com-
mercial plant at 60 min postmortem after water-immersion chilling. Breast 
fillets were deboned at either 2 h or 24 h postmortem. One fillet from each 
carcass was ground to make meat patties and the other fillet was used for 
intact fillet evaluation. Samples were stored in a -20oC freezer and cooked 
directly from a frozen state to an endpoint temperature of 78oC. Color (CIE 
L*a*b*) and pH of raw fillets were measured using a Minolta spectrophotom-
eter and a pH meter with a spear-tipped probe, respectively. Instrumental 
texture properties of cooked samples were determined using both compres-
sion force and Warner-Bratzler shear force. Sensory descriptive texture pro-
files (consisting of 8 attributes) were evaluated by 8-trained panelists using 
a Spectrum™ like approach with 0-15 universal intensity scale. Data were 
analyzed using the General Linear Model (GLM) procedures of SAS. Means 
were separated with the Tukey option at a significance level of 0.05.
Results
Tables
Conclusion
Like cooked intact breast fillets, cooked patties made from 2h-deboned fillets 
exhibit significantly higher hardness and shear force and are perceived more 
cohesive, harder, and chewier with greater cohesiveness of mass, bolus size, 
and rate of breakdown than cooked patties made from 24h-deboned fillets 
(P < 0.05). Data suggest that postmortem deboning time significantly affects 
both instrumental texture measurements and sensory descriptive texture 
profiles of cooked chicken breast patties and grinding is not able to complete-

ly alter the effects of postmortem deboning on intact breast meat texture. 

 

Results
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Medellín-type cooked cured ham: Effect of protein, aditives and moisture retaining blendings upon texture and 
sensory analysis (#572)

Eddier Martínez-Agudelo1, Ana C. Zuluaga-Vanegas -Velez2, Kenneth Cabrera-Torres3, María E. Sayas-Barberá1, Juana Fernández-López1, 
José A. Pérez-Alvarez1

1 IPOA Research Group, Agro-Food Technology, Orihuela, Spain; 2 Grifith Colombia, Research &Development Department, Marinilla, Colombia; 3 Universidad Nacional de Colombia, Facultad de Ciencias. 
Escuela de Geociencias, Medellín, Colombia

Introduction
In Colombia, the search of processed meat products economical-
ly more competitive, forced to the meat industry to look for several solu-
tions in order to satisfy its demands. This adpatation is complicated 
since requiere the adaptation processing operation lines with the com-
pliance with colombian food regulations as well as consumers accepta-
tion.  Processed meat products are complex systems in which the sol-
uble meat protein (in saline solutions) heat induced, produce gels that 
reitain water and fat, that are responsible for the final product texture. 
Food additives companies and Meat industries that want to remain in the 
Colombian market, have no other option that acquire new knowledge and 
innovation that could add more value added to their products. Medellin-type 
cooked cured ham is a well apreciated meat product to Colombian consum-
ers. The aim of this work is to offer an alternative for the small and medium 
meat enterprises producers in Colombia, in order to be more competitive 
through the technological evaluation of blendings of additives and ingredi-
ents that can be used to increase water binding capacity without affecting 
their nutritional, textural  and sensory properties. 
Methods
To elaborate Medellin-Type cooked ham model systems, six mixtures were tested:  
X2: Mix of a pig collagen protein;  X3 : Mix porcine globin protein; X4: Mix 
of carrageenan for meat emulsion type products;  X5: Mix of sodium trip-
olyphosphate, tetrapotassium diphosphate, sodium hexametaphosphate for 
food; X7: Mix of starch and vegetable fibers; X11: Mix of isolated and concen-
trated soy proteins. A statistitical model desig of six (6) components with 
restrictions of protein level and raw material cost for the mixture and (3) 
three central points was applied. After obtaining the best regions (data no 
showed), was defined the best three mixes and It was used in the elabora-
tion process of Medellin-type cooked ham.(N7 and N8) evaluated in perme-
able and non-permeable casing.
Medellin-type cooked ham model system elaboración process:  All the in-
gredients of each mixture were mixed into  a cutter to guarantee the ho-
mogeneity, then, each mixture was heat treated (cooked oven) until reach 
the internal temperature of 72 ° C; then they were cooled in cold wa-
ter showers of cold water and mantained for 24 hours in cooling chamber 

(  4 ° C).  Brining: It was done according to colombian industrial practices. 
The tumbling procesing was carried out for 2 hours at 4 °C in a mixer. All 
the hams were provided with a 12 hour rest at 4 ºC, before being stuffed  in 
permeable a non-permeable casing using a stuffing machine. Hams were 
cooked until an internal temperature of 72 ° C; then they will be cooled in cold 
water showers and taken to a cooling chamber at 4 ° C for 24 hours. Each 
experiment were elaborated by triplicate (batchs of 25 kg).
ANALYTICAL METHODS 
Texture. Texture profile analysis using Brookfield CT3 Texture Analyzer 
(BrookfieEngineering Labs, USA). at room temperature. A cylindrical alumi-
num probe 50 mm in diameter will be used. With two compression cycles at 
a crosshead speed of 5.0 mm / s, the tension of 50%, the surface of force de-
tection of 99.0 g, and the threshold of 30.0 g in 1 s time interval between the 
first and second compression. The data will be analyzed using the Texture 
ProCT software (Brookfield Engineering Labs, USA). Samples of the cooked 
ham will be cut into 20 x 30mm cylinders using a stainless steel cutter (Pre-
mac, Itagüí, Colombia).Sensory analysis. Difference with control (DFC). The 
training and sensory analysis of the group of judges under the Colombian 
Technical Standards applied to the Sensory Analysis of Foods.
Results
ANOVA test results can be observed in Table 1: 
  Table 1. ANOVA results for hardness (g) for all blends of additives and ingredients 

(type II tests)

  Sum Sq Df F value Pr(>F)

  X11 577 1 1,0769 0,329741  

  X3 7754 1 14,4687 0,005209 **

  X4 304626 1 568,4499 1,02E-08 ***

  X5 4916 1 9,1744 0,016336 *

  X2 219629 1 409,841 3,70E-08 ***

  X7 596 1 1,1121 0,322436  

  X11:X5 2630 1 4,9074 0,057605 .

  X3:X2 30032 1 56,0405 7,02E-05 ***

  X4:X2 56282 1 105,0261 7,07E-06 ***

  Residuals 4287 8  

● There is synergy between X3 and X2 
● There is synergy between X4 and X2 
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● There is no synergy between X3 and X4 

It could observed that,   there are interactions between different in-
gredients (gums, carrageenans, soy proteins, wheat proteins, algi-
nates, pork proteins) and meat and meat protein (Gao et al 2016). 
For sensory analysis no statistical differences betwen N7, N8 and Control 
samples were not found, Also in figures 1 and 2 this behaviour can be ob-
served.
REFERENCES 
Gao, X. Q.,  Hao, X.Z.,  Xiong, G.Y.,  Ge,  Zhang, W.G., Zhou, G.H., Yue, X.Y. 
2016. Food and Bioproducts Processing 100: 47–53
Conclusion
N7 and N8 mixtures does not show statistical difference with a commercial 
reference and it is technically viable opción for the Colombian processed 
meats  market. Thus, these mixtures offers an alternative to develop new 
products and improve competitiviness in the meat sector.

  
Figure 2. Sensory analysis for cooked hams added with N7 and N8 blends 
in non-permeable casings

 
Figure 1. TPA curves of cooked ham added with N7 and N8 blends in 

non-permeable casings
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Potato peel powder as a functional ingredient in breakfast pork sausages (#590)
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Introduction
Potatoes (Solanum tuberosum L., Solanaceae) are an important constituent 
of human diet around the world. Despite potato consumption having de-
creased, processed products such as french fries, chips, and puree have 
experienced growing popularity. The major waste of potato processing 
are peels (Schieber et al. 2001). Losses caused by peeling range from 15 
to 40%. Food processing industries particularly potato-crisp manufacturers 
generate between 70 and 140 thousand tonnes of peels worldwide annually 
(Chang, 2011). Moreover, the discarded potato peel (PP) represents a severe 
disposal problem to the potato industry as the wet peels are prone to micro-
bial spoilage (Hossain et al. 2014). Nevertheless, potato waste could also be 
considered an opportunity for recovery of target compounds that possess 
anticarcinogenic and anti-inflammatory effects (Wang et al. 2011; Kenny et 
al. 2013). PP powder has been included as a functional additive in different 
food products (Schieber et al. 2001; Hossain et al. 2014) and it could have a 
positive effect on physicochemical and functional properties of meat prod-
ucts (Kanatt et al. 2005; Farvin et al. 2012). In fact, PP powder has reduced 
lipid oxidation in irradiated lamb (Kanatt et al. 2005) and minced mackerel 
(Farvin et al. 2012). The aim of this investigation was to evaluate PP powder 
as a functional ingredient in breakfast pork sausage.
Methods
PP powder was obtained as of fresh PP from a vegetables processing fa-
cility, dried with a cross-flow air dryer at 70 °C for 5 h and ground in a mill 
through a 1 mm sieve. Thereafter, pH, color (redness a*), water holding ca-
pacity (WHC) and oil holding capacity (OHC) of the PP powder were evalu-
ated (Joshi et al. 2015). Breakfast pork sausages were formulated according 
to USDA (2013), and randomly allocated into the following treatments: Con-
trol (30% fat in the final formulation, w/w); T1 (20% fat in the final formula-
tion, w/w; 8.69% water and 1.19% PP powder, w/w for both); and T2 (10% fat 
in the final formulation, w/w; 17.41% water and 2.39% PP powder, w/w for 
both). All samples were stored at 2 °C/9 days/under dark, and assessed for 
lipid oxidation (LOX) by measuring thiobarbituric acid reactive substances 
(TBARS), as well as color (a* values), WHC, and cooking loss weight (CLW) 
(Espinoza-García et al. 2015). Data were subjected to ANOVA and means 
were separated with the Tukey’s test (P<0.05).
Results

The pH, a*, WHC, and OHC values for PP powder were 4.76, 6.4, 7.3 and 4.5%, 
respectively. Inclusion of PP powder in the pork patties affected (P<0.05) 
initial a* values. On the last day of storage (day 9), samples treated with 
PP powder showed higher (P<0.05) a* values (>3.0) than control counter-
parts (Figure 1A). TBARS (Figure 1B) and CLW (Figure 1C) values increased 
(P<0.05) during storage for all treatments; the lowest LOX and CLW values 
resulted from patties treated with 2.39% of PP powder and were different 
(P<0.05) from the control. No significant differences (P>0.05) were found in 
WHC (ca. 95%) among treatments.
Conclusion
The evaluation of functional properties of several natural flours has deter-
mined its acceptability and application as an ingredient in food systems 
(Okezie & Bello, 1988). Color, WHC, and OHC parameters of a flour can in-
fluence moisture content, texture and appearance of a food product, which 
in turn, are associated with its pH values (Chau & Cheung, 1998; Sharma 
et al. 2016). In agreement with our study, it has been demonstrated that the 
addition of PP powder reduces color changes, CLW and the generation of 
toxic metabolites such as malondialdehyde, which may be related to the an-
tioxidant activity of PP powder (Espinoza-García et al. 2015)]. In addition, it 
is noteworthy that the phenolic content varies with the potato variety (Al-
Saikhan et al. 1995). These results indicate that PP powder possess antioxi-
dant activity, which could extend the shelf life of breakfast sausages.
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Figure 1 Figure 1. Redness (a* values) (1A), LOX (1B) and CLW (1C) 
of breakfast pork sausage with PP powder during storage time. Dif-
ferent superscripts within the same storage day (a-c) and across 
storage days (A-B) indicate differences (P<0.05).



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

405

Notes
P-05-33 

Oxidative stability of pork patties as affected by cooking and addition of Ganoderma lucidum extract (#591)
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Introduction
The higher proportion of unsaturated fatty acids in pork meat facilitates the 
lipid oxidation process (LOX), and consequently increases the loss of its 
oxidative stability (Huang et al. 2011). Synthetic antioxidants such as the bu-
tylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tert-bytyl-
hydroquinone (TBHQ) and propyl gallate (PG) are commonly used in meat 
products to prevent oxidative changes, but their addition in uncontrolled 
concentrations is also a widespread practice (Kahl & Kappus, 1993). The ox-
idative stability depends upon the balance and interaction among endoge-
nous antioxidant systems composed by non-enzymatic lipophilic and hydro-
philic constituents such as vitamins, carotenoids, and polyphenols, among 
others (Serpen et al. 2012; Falowo et al. 2014). However, during industrial 
thermal processing or home cooking of meat (roasting, microwaving, frygin 
and grilling), the oxidative stability can decrease (Domínguez et al. 2014). 
Also, it has been extensively reported that the oxidative stability could be 
enhanced by adding natural antioxidants (Falowo et al. 2014). Ganoderma lu-
cidum is an mushroom from the traditional Chinese medicine widely used for 
the treatment of hypertension, bronchitis and arthritis. Also, their antioxidant 
activity has been previously demonstrated (Yen & Wu, 1999). Hence, the aim 
of this study was to evaluate the oxidative stability of pork patties under the 
effects of cooking and the addition at three levels of a Ganoderma lucidum 
aqueous-ethanolic extract (GLE).
Methods
Bioactive compounds of Ganoderma lucidum powder were extracted with 
water (1:10) and the extraction was assisted by ultrasound method (42 KHz/ 
25 °C/ 30 min). Inmediately, the mixture was centrifuged (4,200 x g/ 10 min) 
and the resulted solution was filtered (Whatman No. 4 filter paper), con-
centrated under reduced pressure, lyophilized and stored at -20 °C under 
dark, until further analysis. Total phenolic content (TPC) and antiradical 
activity [2,2-diphenyl-1-picrylhydrazyl free radical (DPPH•); and 2,2’-Az-
ino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt radical 
cation, (ABTS•+)] of Ganoderma lucidum extract (GLE) were determined 
by the Folin-Ciocalteu, as well as by the DPPH• (2,2’-diphenyl-1-picrylhy-
drazyl) and   ABTS•+ (2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid) 
antiradical methods (Ainsworth & Gillespie, 2017; Re et al. 1999; Molyneux, 
2004). Thereafter, minced pork meat (M. semimembranosus, 24 h postmor-
tem) was mixed with fat (10% in final formulation, w/w), salt (1.5%, w/w), and 

water (5%, v/w). In each replication (twice) pork patties were assesed in four 
treatment as follow: control (with out natural antioxidant); GLE0.5%, patties 
treated with 0.5% of GLE; GLE1.0%, patties treated with 1.0% of GLE. Patties 
were grilled until reaching an internal temperature of 71 °C. Cooked samples 
were cooled (at 25 °C, during 1 h). Raw and cooked patties were subjected to 
analyses of total antioxidant activity (TPC, DPPH•, and ABTS•+) (Huang et 
al. 2011). Data were subjected to ANOVA and means were separated by the 
Tukey’s test (P<0.05).
Results
As shown in Figure 1, TPC values decreased (P<0.05) in cooked pork 
patties, and the highest (P<0.05) TPC values (17.4 mg gallic acid equiva-
lents/g of meat) were reached in patties treated with GLE. Upon cooking the 
ABTS•+ values also decreased (P<0.05) (Figure 2) for pork patties where-
as DPPH•values increased (P<0.05) (Figure 3) in all samples. The highest 
(P<0.05) ABTS•+ and DPPH•inhibition values (14.2 and 67.1%, respectively) 
of pork patties were found for the GLE 1.0% treatment.
Conclusion
The antioxidant activity of mushroom extracts is commonly associated with 
the presence of some phenolic acids such as caffeic, p-coumaric, gallic, gen-
tisic, protocatechuic, syringic, vanillic, among others (Nowacka et al. 2014). 
Meat is a  food with a complex physical structure and chemical composition 
that is very susceptible to the oxidation process (Serpen et al. 2012). Addi-
tionally, it has been reported that natural extracts added to meat and meat 
products can increase their polyphenol content, and hence, their oxidative 
stability (Huang et al. 2011; Serpen et al. 2012; Falowo et al. 2014). The TPC 
method relies on the electrons transfer in alkaline medium from the anti-
oxidant (phenolic compound, ArOH) to phosphomolybdic/phosphotungstic 
acid complexes (colorimetric reagent Folin-Ciocalteu) (Ainsworth & Gilles-
pie, 2017). Therefore, the electron-donating ability of ArOH is responsible 
for the antiradical DPPH• and ABTS•+ activities of ArOH derived from nat-
ural extracts (Re et al. 1999; Molyneux, 2004). The modification of total an-
tioxidant activity of meat upon cooking can be attributed to several factors 
such as denaturation and exposure of reactive protein sites, and degradation 
of endogenous antioxidants (Serpen et al. 2012). In this context, the TPC, 
ABTS•+ and DPPH• assays can be used to provide additional information 
regarding changes that occur in meat samples after cooking (Kahl & Kap-
pus, 1993). In conclusion, extracts from Ganoderma lucidum are an effective 
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source of antioxidants and can increase the total antioxidant activity in meat 
products upon cooking.
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Figure 1 
Figure 1. Effect of GLE addition on TPC of raw and cooked of meat. 
Different literals beared in the same GLE treatment (a-c) or thermal 
process (A-B) indicate differences (P<0.05).  

 
Figure 3 Figure 3. Effect of GLE addition on DPPH• antiradical ac-
tivity of raw and cooked pork meat. Different literals beared in the 
same GLE treatment (a-c) or thermal process (A-B) indicate differences 
(P<0.05).
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Figure 2 Figure 2. Effect of GLE addition on ABTS•+ antiradical activ-
ity of raw and cooked of meat. Different literals beared in the same 
GLE treatment (a-c) or thermal process (A-B) indicate differences 
(P<0.05).
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Introduction
Since ancient times edible mushrooms have been used either as a food or 
medicine, because their great potential for both nutritional and therapeu-
tic use (Nowacka et al. 2014). Pleurotus ostreatus (PO), an edible mushroom 
known as oyster mushroom, has potential beneficial effects on human health 
because its antioxidant-driven therapeutic properties, which are associated 
with their bioactive compounds including lectins, nucleotides, alkalodis, ter-
penoids, steroids and phenols (Deepalakshmi & Sankaran, 2014). In a previ-
ous work, PO by-products were used during the finished period to improve 
growth performance and carcass quality traits of Berkshire pigs. Also, it has 
been reported that dietary supplementation of PO in Japanese quail diets 
during 35 days, increased meat quality parameters such as pH, color (L*, 
a* and b*), water holding capacity, texture whilst reducing cooking losses, 
lipid oxidation and total antioxidant activity (total phenolic composition and 
antiradical DPPH• and ABTS•+ activity) (Vargas-Sánchez et al. 2018). How-
ever, despite the alleged benefits of its human consumption, there are limited 
studies about the PO functionality in meat foods, their changes during the 
digestion process, and particularly their fate in the food matrix under the 
gastric and intestinal conditions. The aim of this study was to evaluate the 
PO antioxidant activity in pork patties before and after in vitro gastrointesti-
nal digestion (ivGID).
Methods
Pork meat (M. semimembranosus, 24 h postmortem) was purchased from a 
local processor, trimmed of all visible extramuscular fat, and minced using a 
conventional meat grinder (4.5-mm orifice plate). Minced meat was homog-
enized with fat (10% in final formulation, w/w), salt (1.5%, w/w) and water 
(5%, v/w). The pork patties (120 g each) were formulated to represent the 
following treatments: untreated pork (control), 2% and 5% of PO powder (P2 
and P5, respectively) and synthetic antioxidant (BHT, butylated hydroxytol-
uene). Patties were cooked to reach 72 °C (internal temperature), and vac-
uum-packaged for further analyses. The ivGID (González-Ávila et al. 2017; 
Tarko et al. 2013) proceeded during 2 h in a flask with pepsin at 2.0-2.5 pH 
and 150 rpm. Thereafter, the pH was adjusted to 5.0-5.5 and a solution of 
pancreatin, lipase and bile bovine was added. The conditions (37°C, 150 rpm) 
were maintained for 4 h. Samples of 50 mL were collected in a tube for fur-
ther analysis of total phenolic content (TPC) by the Folin-Ciocalteu method, 

and antiradical activity {as measured by ABTS•+ and ferric reducing antioxi-
dant power (FRAP)] (Vargas-Sánchez et al. 2018). Data were subjected to a 
one-way ANOVA and the Tukey’s mean comparison test (P<0.05).
Results
The TPC and antioxidant activity are showed in Figure 1. Treatments of pork 
patties with PO powder (P2 and P5) resulted in the highest (P<0.05) amount 
of phenolic content, before and after the ivGID. PO treatments elicit a similar 
response in the antiradical activity as measured by both ABTS•+ and FRAP 
assays (Figures 2 and 3).
Conclusion
In the past few years, in vitro digestion models provide a useful alternative 
to animal and human models by rapidly screening food ingredients (Hur et 
al. 2011). The ivGID brought about an increment of the TPC, which could 
be attributed to the fact of native polyphenols in foods are mainly present 
as esters, glycosides and polymers which cannot be readily absorbed and 
thus require hydrolysis by digestive system enzymes or intestinal micro-
flora (González-Ávila et al. 2017; Tarko et al. 2013). The observed increase 
of the antiradical activity (ABTS•+ and FRAP), could be attributed to the 
addition of PO powder as it has been reported that PO possesses a high 
content of compounds with antioxidant activity (Carrasco-González et al. 
2017). A previous study also reported an increment in phenolic compounds 
and antioxidant activity after in vitro digestion of cooked PO (Brugnari et al. 
2018). Also, it has been reported that total phenolic antioxidant activity after 
ivGID was increased in turkey and pork meat emulsions treated with natural 
plant sources (Martínez et al. 2014). In conclusion, the presence of phenolic 
composition and antioxidant activity of pork patties treated with PO powder 
were increased by ivGID, which will likely benefit the consumer’s health.
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Figure 2 Figure 2. In vitro digestion effect on ABTS•+ of pork patties 
formulated with PO. Means bearing different superscripts within the 
same treatment (a-c) or across treatments (A-B) indicate differences 
( P < 0 . 0 5 ) . 

 
Figure 1 Figure 1. In vitro digestion effect on TPC of pork patties 
formulated with PO. Means bearing different superscripts within the 
same treatment (a-c) or across treatments (A-B) indicate differences 
(P<0.05).

 
Figure 3 Figure 3. In vitro digestion effect on FRAP of pork patties 
formulated with PO. Means bearing different superscripts within the 
same treatment (a-c) or across treatments (A-B) indicate differences 
(P<0.05).
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State-of-the-art coextrusion technology for edible alginate sausage casings (#622)

Michael Betz, Thomas Ott
Albert Handtmann Maschinenfabrik GmbH & Co. KG, Biberach, Germany

Introduction
Sodium alginate solutions have the ability to rapidly form stable hydrogels in 
the presence of calcium ions. This so-called ionotropic gelation of alginates 
is used in the food industry to produce products such as sausages with 
edible calcium alginate hydrogel casings. However, during industrial produc-
tion of such films, the alginate gelation kinetics is a limiting factor. To work 
at high production speed an optimum adaption of the alginate technology 
to a highly accurate processing equipment is required to instantly obtain a 
mechanically stable alginate film.
Methods
The present work is aimed at presenting a coextrusion system that allows to 
fully exploit the ionotropic gelation of alginate for film formation. The system 
consists of two feeding pumps that are connected to a coextrusion nozzle, 
in which a sodium alginate solution is extruded trough an annular gap on 
the surface of a coextruded food product and immediately crosslinked with 
calcium ions. By this means a calcium alginate film is generated continu-
ously at a high speed of up to 2 m/s. By adjusting the speed of the feeding 
pumps and the concentration and composition of the crosslinking solution, 
the thickness of the alginate films on the food product can be controlled, 
typically in a range of 0.1-0.3 mm. .
Results
With a special variation of the coextrusion nozzle individual food portions 
can be generated by linking. These linked portions are completely coated by 
a calcium alginate film. In these completely sealed calcium alginate coatings 
also liquids can be packaged. The system has been successfully applied in 
meat, dairy and vegetarian applications for the production of sausages with 
edible alginate casings.

Conclusion
The alginate used is totally compatible with vegan and vegetarian diets. The 
raw material is harvested from a sustainable source. Alginates are available 
with halal and kosher certification and are approved for use in organic foods. 
In the light of major, global food trends towards appropriate diets and life-
styles, the system offers a large industrial potential for food applications in 
general to create alginate-based coatings for low-viscous to highly viscous 
food products.

  
Dry sausage with white moulds in alginate casing 
Alginate-encased products can be frozen, dried, heated in water, oil 
or hot air, fried, barbecued and smoked. They can also be matured and 
enriched with mould.
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The Handtmann ConProLink coextrusion system for the production of  
sausages in alginate casings The ConPro system essentially compris-
es two vacuum filling machines which are connected via a coextrusion 
head. One of the two vacuum fillers, the “master machine”, pumps the 
filling product that a product strand is produced from. The “slave 
machine” transports the alginate paste which subsequently forms the 
product casing. The pasty sodium alginate solution is applied to the 
product strand as a thin film through an annular gap at the coextru-
sion head and crosslinked in a fixing bath containing calcium ions.
The alginate coated strand can then either be cut into individual 
portions or linked. 

 
Schematic illustration of the coextrusion process to produce alginate 
coated food portions After coextrusion and crosslinking the algi-
nate coated product strand is portioned. This can be done by cutting 
the coextruded product strand into individual portions, leading to 
products with open ends which are not completely enclosed by the 
alginate casing. Alternatively, the coextruded product strand can 
be linked into individual portions during alginate crosslinking to 
produce individual portions which are completely encased in algi-
nate.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

412

Notes
P-06-01 

Effect of finishing system and weight gain rate on meat quality from crossbred Angus x Nellore steers (#61)

Daniel S. Antonelo1, Juan F. M. Gómez2, Mariane Beline2, Bruna Pavan2, Ana J. A. Hayashida2, Larissa A. Koulicoff2, Daniela Almeida2, Julio C. C. Balie-
iro1, David Gerrard3, Saulo L. Silva2

1 University of Sao Paulo, College of Animal Science and Veterinary, Pirassununga, Brazil; 2 University of Sao Paulo, College of Animal Science and Food Engineering, Pirassununga, Brazil; 3 Virginia Tech 
University, Department of Animal and Poultry Science, Blacksburg, US

Introduction
Manipulating growth rate could be a strategy to improve meat quality (Man-
ni, 2018). Feedlot animals have a higher weight gain rate (WGR) and are 
slaughtered earlier when compared to the grazing animals (Maday, 2016), 
which promotes a shift towards to a more glycolytic muscle fiber in those 
animals when compared to those finished in grazing (Frylinck et al., 2013). In 
this sense, grazing animals tend to be more susceptible to have dark-cutting 
and tough meat (Nuernberg et al., 2005; Frylinck et al., 2013), since animals 
with an oxidative metabolism have lower glycogen and greater myoglobin 
concentrations and, consequently, darker meat than those with a glycolytic 
metabolism (Bidner et al., 1986; McKeith et al., 2016).
In general, the finishing system (FS) and the WGR seems to modify the mus-
cle type fiber and its metabolism, which consequently affects the meat qual-
ity (Frylinck et al., 2013; McKeith et al., 2016). However, it is unclear which 
factor directly impact on meat quality, since within each FS animals slaugh-
tered at constant age have different weights and those slaughtered at con-
stant weight have different ages. We hypothesized that the weight gain rate 
(WGR) is responsible for differences on meat quality between feedlot and 
grazing animals. Therefore, this study was carried out to evaluate the ef-
fect of FS and WGR on meat quality from crossbred Angus x Nellore steers 
slaughtered at same age.
Methods
Thirty-six Angus x Nellore steers (341±23 kg body weight; 12±1 mo old) were 
used in a completely randomized design with a 2 x 2 factorial arrangement 
and 9 animals per treatment to evaluate the effects of FS (grazing or feed-
lot) and WGR (high or low). The WGR was controlled by the feed restric-
tion and stocking rate in feedlot and grazing system, respectively. Animals 
were slaughtered at 140 d of feeding, and after 24-h of chilling (0 – 2 °C, the 
left half-carcass was divided into the region between the 12th and 13th ribs, 
where a 2.5 cm thick samples of Longissimus thoracis muscle was obtained 
and vacuum packed individually to evaluate meat color (L*, a* and b*; CIE, 
1986), cooking loss and Warner-Bratzler shear force (WBSF) (AMSA, 2015).
Data were analyzed by a variance analysis using PROC MIXED from SAS 9.4 
software (SAS Institute Inc., Cary, NC). The effect of FS (grazing or feedlot), 
WGR (high or low) and their interactions were considered as fixed effect, 
and each animal was considered an experimental unit. Means were obtained 

by the PROC LSMeans and were compared using Student’s t-test. Differ-
ences were considered statistically significant when P ≤ 0.05.
Results
Despite of animals had different WGRs and, consequently, different body 
weights at slaughter in feedlot and grazing systems (Table 1), there was no 
interaction between FS and WGR for any meat quality attributes evaluated 
(Table 2). Thus, it suggests that other factors (diet, age at slaughter, physical 
activity, among others) within the FS may be responsible for the differences 
on meat quality from feedlot and grazing animals.
Meat from feedlot animals had greater values of L* (P < 0.0001), a* (P = 
0.0128) and b* (P = 0.0041), and lesser values of WBSF (P = 0.0001) in com-
parison with those from grazing animals, without affecting cooking loss (P 
= 0.2833). Those results suggest that meat from feedlot animals had a more 
glycolytic postmortem metabolism when compared to those from grazing 
animals, which led to a brighter red meat in those animals, as reported by 
Vestergaard et al. (2000) and Frylinck et al. (2013). In addition, a glycolytic 
metabolism also can favor the calpain activity and, consequently, affect the 
extent of protein degradation (Ouali & Talmant, 1990), which may explain the 
lesser WBSF in feedlot animals found in the present study. Similarly, Nuern-
berg et al. (2005) and Frylinck et al. (2013) also reported that grazing animals 
have tougher meat when compared to the feedlot animals.
On the other hand, there was no effect of WGR on meat quality attributes 
(P > 0.05). Sinclair et al. (2001) suggested that there are limited possibilities 
to improve beef eating quality by modifying growth rate through diet. There-
fore, the lack of effect on meat quality suggests that there was no change in 
muscle metabolism due to the WGR in animals slaughtered at 140 d on feed. 
Similarly, Perry & Thompson (2005) reported there was no clear relationship 
between WGR and WBSF. In addition, Thirkildsen et al. (2002) found no re-
lationship between WGR and the activity of calpastatin, μ-calpain or m-cal-
pain, concluding that WGR does not affect the proteolysis.
Conclusion
The WGR is not the factor responsible for the difference in meat color and 
tenderness from crossbred Angus x Nellore steers slaughtered at same age 
in different FS. In addition, FS impacts on meat color and tenderness where-
as WGR has no effect on meat quality.
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Table 2 – Effect of finishing system and weight gain rate on meat quali-
ty from crossbred steers 
WBSF = Warner-Bratzler shear force.

 
Table 1. Characterization of experimental treatments. 
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Meat quality and acceptability of dry-aged beef from cull cows slaughtered at 60 or 80 months old (#62)

Dicky T. Utama1, Yeong J. Kim2, Hae Seong Jeong1, Juntae Kim1, Farouq H. Barido1, Sung Ki Lee1

1 Kangwon National University, College of Animal Life Sciences, Chuncheon, South Korea; 2 Nutritional Resource Research Institue, Seoul, South Korea

Introduction
The meat quality of the cull cows is much lower than that of steers, thus 
lowering its acceptance [1]. Dry aging could overcome  the weakness of 
low-marbled beef produced from cull cows. Previous study revealed that the 
quality of dry-aged beef from Hanwoo cattle of different sexes slaughtered at 
different ages (28-month-old steers and 48-month-old cull cows) is not dif-
ferent, regardless of the aging method used [2]. To confirm previous results 
and to provide new information, this study aimed to compare the quality of 
dry-aged beef from cull Hanwoo cows slaughtered at 60 or 80 months old.
Methods
The carcasses from cull Hanwoo cows with a quality grade of 3 and from two 
differenet age groups (63.5 ± 2.5 months old, n = 4 and 87.8 ± 4.5 months 
old, n = 4) were selected. Whole longissimus thoracis et lumborum from the 
11th rib to the last lumbar vertebrae, including the back fat, was immediately 
transferred to a commercial dry aging plant at 24-h postmortem. The sam-
ples were placed on stainless steel gratings and aged in darkness for 40 
days at a temperature of 2°C ± 1°C, a relative humidity of 85% and an air flow 
of 2 m/s. The day-0 samples were frozen at -24°C and used for comparison 
study. 
The color of the meat (after 90 min of blooming) was recorded using a chro-
mameter (CR-400, Konica Minolta Sensing Inc., Japan). The pH of meat  was 
measured using a pH meter (SevenEasy pH, Mettler-Toledo GmbH, Switzer-
land). Water-holding capacity was determined using centrifugation method 
[3]. Cooking loss was determined after the steak was cooked until the core 
temperature of 72°C was reached. Shear force measurement was performed 
using a TA-XT2i Plus (Stable Micro Systems, UK) with a constant speed 
of 200 mm/min. A total of 25 untrained panelists (college students) were 
participated to evaluate tenderness, juiciness, flavor and overall acceptance 
of skillet-roasted samples using a seven-point hedonic scale, ranging from 
very unacceptable (score 1) to very acceptable (score 7). The steak was cut 
into 2-cm cubes prior to serving. Drinking water was provided to cleanse the 
palate.
Two way analysis of variance (ANOVA) was used for determining the effect 
of age, aging period and their interactions. General linear model was used 
for analyzing acceptability test data. The mean values were separated by 
Duncan’s multiple range test at the 5% level of significance using R-version 
3.3.3.
Results

The meat quality of dry-aged beef obtained from cull Hanwoo cows slaugh-
tered at either 60 or 80 months old was comparable. Regarding the age at 
slaughter, no significant differences were found on color, pH, water-holding 
capacity, cooking loss and shear force value (Table 1). Aging increased color 
variables at initial blooming and cooking loss. No significant changes in pH 
were found from the beginning of aging to day 40. The water-holding capac-
ity decreased after aging. Aging significantly tenderized the meat. There-
fore, current results are in line with those of previous study [2].Table 1. Meat 
quality traits of beef from cull cows slaughtered at 60 or 80 months old (mo) 
before and after dry aging
Variable 60 mo (before) 60 mo (after) 80 mo (before) 80 mo (after) Standard error

Lightness (L*) 36.0b 41.0a 35.0b 39.7a 0.32

Redness (a*) 21.7b 25.2a 21.9b 24.4a 0.25

Ye l l o w n e s s 
(b*)

11.6b 13.7a 11.8b 13.0a 0.22

pH 5.60 5.63 5.57 5.56 0.01

Water-holding 
capacity (%)

64.2a 50.6b 65.5a 49.7b 0.89

Cooking loss 
(%)

27.6b 33.1a 29.2b 33.6a 0.35

Shear force 
(kgf)

6.16a 1.80b 6.93a 2.19b 0.41

a-b Mean values are significantly different according to aging period (p<0.05).
No significant effect of age at slaughter was found for any of the accept-
ability variables (Table 2). Dry aging increased the score of tenderness and 
overall acceptance but did not affect the score of juiciness and flavor. There-
fore, the dry-aged beef obtained from either 60-month-old or 80-months-
old Hanwoo cows are comparable and still acceptable.Table 2. Acceptability 
towards beef from cull cows slaughtered at 60 or 80 months old (mo) before 
and after dry aging
Variable 60 mo (before) 60 mo (after) 80 mo (before) 80 mo (after) Standard error

Tenderness 3.30b 5.10a 3.20b 5.10a 0.21

Juiciness 4.10 4.70 4.00 4.70 0.12

Flavor 4.70 4.70 4.60 4.60 0.07

Overall 4.10b 4.80a 3.70b 4.80a 0.12
a-b Mean values are significantly different according to aging period (p<0.05).
Conclusion
Dry aging can be applied to both age groups with comparable results.
Acknowledgement
This study was supported by 2018 Research Grant from Kangwon National 



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

415

Notes
University (No.C1014779).
References
1. Reddy, B. V., Sivakumar, A. S., Jeong, D. W., Woo, Y. B., Park, S. J., Lee, 

S. Y., Byun, J. Y., Kim, C. H., Cho, S. H. & Hwang, I. (2015). Beef quality 
traits of heifer in comparison with steer, bull and cow at various feeding 
environments. Animal Science Journal 86: 1-16.

2. Oh, J., Lee, H. J., Kim, H. C., Kim, H. J., Yun, Y. G., Kim, K. T., Choi, Y. I. & Jo, 
C. (2017). The effects of dry or wet aging on the quality of the longissi-
mus muscle from 4-year-old Hanwoo cows and 28-month-old Hanwoo 
steers. Animal Production Science 58: 2344-2351.

3. Kristensen, L. & Purslow, P. P. (2001). The effect of ageing on the wa-
ter-holding capacity of pork: role of cytoskeletal proteins. Meat Science 

58: 17-23. 



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

416

Notes
P-06-03 

Fatty acid composition of minced pig carcasses according to sex and weight (#82)

Maria Font-i-Furnols1, Isabel Diaz1, Marjetta Čandek-Potokar2, Daniel Mörlein3, Marina Gispert1

1 IRTA, Monells, Spain; 2 Agricultural Institute of Slovenia, Ljubljana, Slovenia; 3 University of Göttingen, Department of Animal Science, Göttingen, Germany

Introduction
Fatty acids composition may affect the firmness of the fat and the char-
acteristics of the meat for processing, mainly in terms of oxidative stabili-
ty. It is affected by pigs’ diet, however also by the level of carcass fatness. 
Therefore, differences between four sex categories known to differ in body 
composition (surgically castrated-CM, entire male-EM, immunocastrated-IM 
and females-FE) can be expected. A meta-analysis carried out by Pauly et 
al. (2012) showed that saturated fatty acids were lower and polyunsaturated 
fatty acids were higher in EM than in CM and IM. These differences are ex-
pected to be greater at higher weights (Mörlein and Tholen, 2015). If the use 
of surgical castration is diminished or stopped and EM production increases, 
the fatty acids composition may considerably affect pork technological qual-
ity. The aim of the present work was to determine the fatty acids composition 
of minced carcasses from EM, CM, IM and FE at three target body weights 
(TBW), namely 70, 100 and 120 kg TBW.
Methods
A total of 68 Pietrain x (Duroc x Landrace) pigs were used, 18 CM, 18 FE, 
16 IM and 16 EM. Immunocastration was performed with two doses of the 
vaccine Improvac®. The vaccination were applied at 12 weeks of age and 6 
weeks later at approximately 70 kg TBW.
All pigs were fed the same commercial diet ad libitum (10.24 and 10.08 MJ net 
energy/kg for the 1st and 2nd feeding phase, respectively). Between 3 and 
4 pigs per sex were slaughtered at 70 and 100 kg TBW and the rest were 
slaughtered at 120 kg TBW (approximately 8 weeks after 2nd vaccination).
When pigs reached the desired TBW they were slaughtered. The right half 
carcasses without teeth were frozen, cut into small pieces with a cutting 
guillotine and minced with an industrial mincer. Minced carcasses were ho-
mogenized and a sample was vacuum packed and kept frozen.
Fatty acids were determined using gas chromatography (with FID detector) 
following the extraction of lipids (Folch et al., 1957). Individual fatty acids 
were summed into saturated, monounsaturated and polyunsaturated (SFA, 
MUFA, PUFA, respectively).
Statistical analysis was performed with SAS v. 9.4 software (SAS Institute 
Inc., Cary, NC, USA). Mixed procedure was used including sex, TBW and its 
interaction as fixed effects. Tukey test was applied to evaluate differences 
between least square means.
Results
The concentration of SFA, MUFA and PUFA (in g/100 g of fat) according 

to sex and TBW is presented in Figure 1. For SFA an interaction between 
sex and TBW can be seen (P=0.053). The evolution of SFA with increasing 
weight was similar for FE, CM and EM carcasses, with a significant (P<0.05) 
decrease of SFA at 100 kg. However, for IM SFA increased with higher 
weight. Except at 70 kg, FE had the lowest amount of SFA, followed by EM. 
For MUFA, interaction between sex and TBW was not significant (P=0.557). 
In all sexes, MUFA were higher at 120 kg TBW than at lower weights. EM 
and IM had lower MUFA than FE and CM. Regarding PUFA, interaction was 
also not significant (P=0.115). PUFA were higher at 100 kg than 70 and 120 kg 
TBW. In general, PUFA were lower in CM than in the other sexes and it might 
be related with the higher amount of fat of these pigs.
 
When only animals of 120 kg TBW were considered (n=42), differences be-
tween sexes were significant (P<0.001) for all the fatty acid groups consid-
ered (Table 1). In this case, SFA were significantly lower in FE than in CM 
and IM, EM being in between whereas MUFA were significantly higher in 
FE than in EM and IM and significantly higher in CM than EM; no signifi-
cant differences were found between CM and FE and between CM and IM. 
Finally, the highest PUFA were observed for EM and lowest in CM, with IM 
and FE taking intermediate position. IM were closer to CM and FE closer to 
EM. These results can be related with the different levels of carcass fatness, 
which is significantly higher in CM than IM and EM and being intermediate in 
FE. In fact, the total fat of the minced carcasses is negatively correlated with 
the PUFA content and positively correlated to the SFA and MUFA content.
 
Conclusion
According to the present results, the pigs’ sex, and their weight affect the 
fatty acid composition which is correlated with total carcass fat content. Also 
an interaction of sex and weight needs to be considered. If surgical cas-
tration is stopped, differences in the fatty acid composition may affect the 
quality of meat and meat products.
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Figure 1 Saturated (SFA), monounsaturated (MUFA) and polyunsaturated 
(PUFA) fatty acids by sex and live weight.

 
Table 1 Fatty acid composition (Saturated: SFA, Monounsaturated: 
MUFA, Polyunsaturated: PUFA) (in g/100 g of fat) and carcass fatness 
by sex in pigs of 120 kg target body weight1.
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Impacts of heat stress on the growth performance and meat tenderness of 2ND cross and dorper lambs (#133)

Ming H. Zhang1, Robyn D. Warner1, Frank R. Dunshea1, Kristy Digiacomo1, David L. Hopkins2, Minh Ha1, Aleena Joy1, Archana P. R. Payyanakkal1, Richard 
Osei-amponsah1, 3, Surinder S. Chauhan1

1 University of Melbourne, School of Agriculture and Food, Faculty of Veterinary & Agricultural Sciences, Melbourne, Australia; 2 NSW Department of Primary Industries, Centre for Red Meat and Sheep 
Development, Cowra, Australia; 3 University of Ghana, Department of Animal Science, Accra, Ghana

Introduction
Heat stress (HS) is one of the greatest challenges facing the livestock indus-
try, as increased environmental temperature compromises animal welfare 
and productivity during the hot summer months. To maintain homeothermy 
during exposure to high ambient temperatures, animals often reduce heat 
production by reducing feed intake [1]. However, there is genetic variation in 
thermotolerance among different breeds of sheep and hair sheep may have 
better tolerance than classic wool sheep breeds [2], which may in turn may 
influence their growth performance. There are limited studies comparing the 
growth performance and meat quality of hair type and wool type breeds 
of sheep when exposed to HS conditions. Therefore, this experiment was 
designed to compare the growth performance and meat quality attributes 
of hair type lambs (Dorper) and dual-purpose wool/meat type lambs (2nd 
cross) exposed to two weeks HS during the finishing phase.
Methods
This experiment was approved by the University of Melbourne FVAS Animal 
Ethics Committee (AEC ID 1714357.1). Forty-eight 4-5 months old 38 – 42 
kg; 24 2nd cross; Poll Dorset X (Merino X Border Leicester), and 24 Dorper 
lambs were procured from 5 different breeders across south-eastern Aus-
tralia. Lambs were acclimatized for 1 week in group pens and then housed in 
individual pens for 1 week before being relocated to metabolic cages. Lambs 
were fed a diet of oaten (25%), lucerne (25%) chaff and standard finisher pel-
lets (50%) ad libitum and water was always available. After acclimatization, 
animals were exposed to thermo-neutral (TN; 18-21°C, 40-50% RH, n=12) 
or cyclic HS (28°C (16:00 to 08:00 h) - 40°C (08:00 to 16:00 h), 40-60% RH, 
n=12) for 2 weeks while housed in metabolic cages in the purpose-built 
climatic chambers. Respiration rate and rectal temperature were recorded 
three times a day (8:00, 12:00, 16:00 h). Body weight was recorded at d 0 and 
d 14 of HS for all lambs and daily feed intake was recorded. After slaughter, 
hot carcass weight was recorded, fat depth (GR) was measured over the 12th 
rib bone of the carcass, the loin eye area was measured, and pH was mea-
sured in the loin of lumbar/sacral junction. The Longissimus lumborum(LL) 
muscle was removed at 24 h postmortem, sliced into 120±10 g steaks, and 
packaged using high O2 modified atmosphere packaging (HiOx ; 80% O2, 
20% CO2) and then placed for 0 d, 5 d and 10 d in simulated retail display. 
Warner–Bratzler shear force (WBSF) and hardness were measured using a 

texture analyzer on each specified display day [3]. Statistical analysis was 
performed using IBM SPSS Statistics 19 software. Single factor general lin-
ear model procedures were undertaken followed by Tukey’s honestly signif-
icant difference test for multiple comparisons (95%).
Results
HS significantly increased respiration rate and rectal temperature (P < 0.01) 
in both Dorper and 2nd cross lambs (Figure 1). However, Dorper lambs 
showed lower respiration rate and rectal temperature than the 2nd cross 
lambs, under both HS and TN conditions at 8:00. 12:00 and 16:00 h (P < 
0.05).HS significantly (P < 0.05) decreased feed intake in 2nd Cross lambs 
but had no influence on Dorper lambs (P < 0.05). HS decreased body weight 
of both Dorper and 2nd cross lambs (P < 0.05), but the decline was greater in 
2nd Cross lambs. However, when compared under TN conditions, 2nd cross 
lambs had higher body weight gain and feed intake (P < 0.05) (Table 2). Over 
all, 2nd cross lambs had higher ultimate pH than Dorper (P < 0.05) (Figure 3). 
There was no effect of HS or breed on GR and loin eye area of carcass and 
meat texture after 0 d, 5 d and 10 d display (P > 0.05 for all).  
Conclusion
Compared to 2nd cross lambs, Dorper lambs are more thermotolerant and 
maintain lower respiration rate and rectal temperature and are thus able to 
maintain the feed intake and lose less body weight under HS conditions. 
There were no differences in lamb carcass characteristics and meat texture 
between 2nd cross and dorper lambs under HS condition, and the difference 
in ultimate pH had no impact on meat tenderness.
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Figure 1. The effect of heat stress on respiration rate and rec-
tal temperature of 2nd cross and Dorp Respiration rate: Treat-
ment***, Breed***, Time***, Treatment×Breed***, Treatment×Time***, 
Breed×Time***, Treatment×Time×Breed N.S.; Rectal temperature: 
Treatment***, Breed***, Time***, Treatment×Breed N.S., Treat-
ment×Time***, Breed×Time N.S., Treatment×Time×Breed N.S.; N.S.=-
No significant; *** P<0.01, *P<0.05; Error bars=pooled SED  

 
Figure 3. The effect of heat stress on meat texture of 2nd cross and 
dorper lambs longissimus lumbor WBSF and Hardness: Time ***, Treat-
ment, Breed, Treatment×Breed, Treatment×Time, Breed×Time and Treat-
ment×Time×Breed N.S; N.S.=No significant; *** P<0.01, *P<0.05; Error 
bars=pooled SED 

 
Table 2. The effect of heat stress on growth performance and carcass 
characters of 2nd cross and dor 
N.S.=No significant; *** P<0.01, *P<0.05; a-c Means with different su-
perscripts differ significantly of rows (P<0.05). 
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Factors affecting chevon quality and their integration into industry practices (#148)

Pamela Pophiwa1, Edward C. Webb1, Lorinda Frylinck2

1 University of Pretoria, Animal and Wildlife Sciences, Pretoria, South Africa; 2 Agricultural Research Council, Animal Production Institute, Irene, South Africa

Introduction
Goat meat (chevon) could become an ideal choice for health-conscious con-
sumers due to its salubrious fatty acid profile compared to other meat types 
(Webb & O’Neill, 2008). However, there are some concerns with the eating 
quality of chevon. It is important to understand the factors that affect chevon 
quality and how they can be managed for enhanced quality. This paper dis-
cusses key factors and strategies for improving chevon quality in resource 
constrained environments.
Methods
This paper reviews scientific literature factors affecting chevon quality. 
Results
The choice of breed is important for chevon quality. It is imperative to choose 
a breed with a potential for quality chevon production. Research has shown 
that the unimproved South African indigenous goats are suitable for com-
mercial chevon production. A comparative study reported non-significant 
differences in  objective meat quality properties between Boer goats and the 
so-called South African indigenous goats, in both the longissimus (LM)and 
semimembranosus (SM) (Pophiwa et al., 2016). These findings are important 
for the unimproved goats which have an anecdotal reputation of being infe-
rior to Boer goats.
It is recommended to slaughter goats between the age of one and two 
years as meat from older goats tend to be tough. Warner Bratzler shear 
force (WBSF) values as high as 77.4 N  have been reported for the SM of 
8-teeth goats compared to 58.9 N for the 2-teeth group (Simela et al., 2004). 
Age at slaughter  is  important in Africa, where the markets are dominated 
by old culled goats.  There is also a lower preference for meat from very 
young goats due to their less desirable carcass fat content.
Goat carcasses are very lean, predisposing them to cold shortening 
(CS) during chilling. Focus had been on feeding practices that improve the 
degree of fat deposition. Simela et al. (2004; 2011) showed the advantages of 
pre-slaughter conditioning (improved nutrition) in quality chevon production. 
The conditioned goats had increased carcass fat content (19.7% vs. 10.2%), 
showed slower chilling rates (19.6 °C vs. 13.5 °C at 3h p.m) and had lower 
WBSFvalues at 24 hours (65.9 N vs. 82.4 N) and a 96 hours p.m (57.8 N vs. 
75.0 N) than the non-conditioned goats. The only potential conflict arising 
from increasing the level of carcass fatness is the current consumer percep-
tion against fat.
On-farm handling and transportation to the abattoir expose goats to stress 

which could affect meat quality. The stress is induced by stimuli such as 
noise, exercise, physical force, social disruption, unfamiliar personnel and 
novel environments (Kruger et al., 2016). Minimising fear through proper an-
imal handling is important in reducing stress-associated effects on chevon 
quality. At the abattoir, goats should be allowed a resting period of at least 
3 hours to recover from transportation stress. Provision of feed and water 
is necessary for extended lairage periods of more than 18 hours in order 
minimise economic losses due to stress and live weight shrinkage (Kannan 
et al., 2000).
The commercial chilling conditions (0-4 ℃ until 24h) are not “ideal” for goat 
carcasses as they result in CS and subsequent muscle toughnening. Con-
trolling the rate of temperature decline is important in preventing the delete-
rious effects of CS . Pophiwa et al.(2016) showed that delayed chilling (10-15 
℃ for 6h, 0-4 ℃ until 24h) can minimise CS and improve chevon tenderness. 
In that study, the onset of rigor mortis (pH~ 6) occurred at elevated tem-
peratures (13-17 °C) and the sarcomeres were longer than 2 µm, which gives 
an indication that CS did not occur. The LM had presumably an acceptable 
degree of tenderness at 24 hours p.m (av. WBSF = 43.4 N) but the SMwas 
tough (av. WBSF = 82.9 N), possibly due to a higher connective tissue con-
tent.
Electrical stimulation can accelerate the rate of pH with beneficial effects on 
meat quality. Pophiwa et al. (2016) confirmed the efficiency of electrical stim-
ulation in improving chevon quality. However, the application of ES should be 
carefully monitored to avoid quality problems related to under- or over-stim-
ulation. This is particularly important if other species are slaughtered in the 
same abattoir. 
Suspending carcasses in such a way that muscles are restrained from short-
ening can improve meat tenderness. Basinger et al. (2019) showed that pel-
vic suspension effectively stretched the sarcomeres by 6-14% and improved 
chevon tenderness by 39-53% (WBSF ~25-38 N) compared to the tradition-
al vertical suspension by the Achilles tendon. Pelvic suspension is recom-
mended for small abattoirs, but it requires more chilling space compared to 
Achilles-hung carcasses.
Ageing period can further improve chevon tenderness. Simela et al. (2004) 
reported an increase in tenderness by 12% in SM of   goats during a 96-
hour ageing period. However, ageing could result in economic losses due to 
a tendency for chevon to discolour within 4 to 8 days of storage (Kanaan et 
al., 2001).
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Conclusion
Effort has been made in enhancing chevon quality. Future priorities should focus 
on marketing and social awareness of goat meat. This will promote the consump-
tion of chevon among diverse consumers and contribute to global food security.  

 

Managing chevon quality in resource-constrained environments 
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Effect of organic selenium supplementation on meat quality of heifers finished in feedlot (#179)

Juan B. Franco1, Virginia Beretta2, Alvaro Simeone3, Carolina Realini4, Antonella Goyeneche5, Rafael Delpiazzo6
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Introduction
Meat antioxidant status plays a key role in maintaining color and flavor and 
extending its shelf life, by protecting muscle fiber membranes from lipid per-
oxidation during storage. The low levels of antioxidants in grains in confine-
ment diets including low Vitamin E concentrations result in decreased lipid 
stability and reduced meat shelf life (Realini et al., 2004).The objective of 
this work was to evaluate the effect of organic selenium supplementation on 
shelf life of meat from heifers fed in a feedlot system.
Methods
Thirty Hereford heifers (n=15 with 20 months of age and 323 ± 26.27 kg live 
weight, and n=15 with 36 months of age and 405 ± 30.52 kg live weight) 
were housed in individual pens outdoors and stratified by live weight and 
age to one of two treatments: 1) Control without supplementation or 2) Sup-
plementation with organic selenium (0.9 mg Sel-Plex 2000/ kg DM/ day, 
Alltech®). An initial adaptation period of 18 days was followed by an experi-
mental period of 62 days. All animals were fed ad libitum with a fully mixed 
ration (RTM) including 15% moha bait (Italic Setaria) and 85% of concentrate. 
At the beginning and at the end of the feedlot period, blood samples were 
taken from each animal, for the subsequent determination of glutathione per-
oxidase activity (Paglia & Valentine, 1967). Loin steaks (2.5 cm thick) were 
cut from the Longissimus thoracis et lumborum muscle (between the 10th rib 
and 1st lumbar vertebra), packed using styrofoam trays, overwrapped with 
oxygen permeable film and displayed for 12 days in a refrigerated cabinet 
(4±1°C). Lipid oxidation was determined by measuring 2-thiobarbituric acid 
reactive substances (TBARS, Jo & Ahn, 1998). A random plot design with 
a factorial treatment arrangement was used, considering the animal as the 
experimental unit. Variance analysis was performed using the MIXED proce-
dure of the SAS system 9.1 (SAS institute, Cary, NC)
Results
Table 1. Blood Levels of enzyme glutathione peroxidase according to treat-
ments and age of heifers
  Treatments   Slaughter Age  

  Control Selenium P 18 months 32 months P

GSH I (U/
gr.Hb)

105.8 111.7 0.6426 110.8 106.3 0.7940

GSH F(U/
gr.Hb)

195.9 259.7 <.0.0001 242 213.6 0.0598

             

 
Selenium supplementation resulted in increased blood glutathione peroxi-
dase activity (p <.0001) which was higher in 20 than 36 months old heifers 
(p = 0.0598)
Table 2. Effect of Selenium supplementation (Sel-Plex, Alltech®) on TBARS 
levels (mg malonaldehyde/kg sample) during 12 days of display at 4±1°C.
  Control Selenium P

Malonaldehyde (mg/
kg)

0.65 0.57 0.048

Days of display      

0 0.52 0.50 0.6724

6 0.66 0.55 0.0456

12 0.75 0.65 0.0452

 
Selenium supplementation reduced lipid oxidation resulting in lower malon-
aldehyde levels at 6 and 12 days of display.
Conclusion
Supplementation of feedlot heifers with organic selenium for 9 weeks prior to 
slaughter reduced lipid oxidation during display resulting in extended meat 
shelf life
REFERENCES
Jo, C., & Ahn, D. U. (1998). Fluorometric analysis of 2-thiobarbituric acid reac-
tive substances in turkey. Poultry Science, 77, 475–480.
Paglia D E, Valentine W N. (1967) Studies on the quantitative and qualitative 
characterization of erythrocyte glutathione peroxidase. Journal of Laborato-
ry and Clinical Medicine, 70: 1:158-169, 1967
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Possibilities for black soldier fly larvae meal in pork production: A source of rare saturated fatty acids (#198)

Brianne A. Altmann, Angela Sünder, Daniel Mörlein
University of Göttingen, Department of Animal Sciences, Goettingen, Germany

Introduction
Black soldier fly (Hermetia illucens) larval meal (BSF) has been intensively 
researched as a promising protein source to replace soy in swine diets and 
has been found to be a suitable alternative from an animal nutrition and a 
meat quality perspective (Altmann, Neumann, Rothstein, Liebert, & Mörlein, 
2019; Neumann, Velten, & Liebert, 2018). Besides its protein content, the 
incorporation of BSF into swine diets presents two opportunities. First, its 
high content and the uniqueness of lauric and myristic acid may qualify them 
as biomarkers for alternative production systems, i.e. to identify the incor-
poration of BSF in meat production. Secondly, BSF’s high saturated fatty 
acid (SFA) content could increase the SFA content in animal-flesh, which 
would be advantageous for production systems that are specialized for the 
cured-meat market, such as heavy ham pigs. Increased proportion of SFA 
could make products less susceptible to lipid oxidation. Therefore, the aim of 
this abstract is to illustrate possible advantages of influencing pork backfat 
through the inclusion of BSF in swine diets.
Methods
Two replicates totalling 15 Pietrain x (Large White x German Landrace) bar-
rows were fattened on diets where soybean meal was replaced between 
50% and 100% (dependent on physiological stage) by partially-defatted BSF 
meal (Altmann et al., 2019). A control group (n=16) without soybean meal 
substitution accompanied. At approx. 116 kg, animals were slaughtered and 
backfat samples were collected from the cranial-dorsal side of the longis-
simus thoracis et lumborum 24hr post mortem. Fatty acid composition was 
analysed using fatty acid methyl ester extraction followed by gas chroma-
tography; fatty acids were quantified with relative areas. Mixed ANOVAs 
(fixed effect: diet, random effect: replicate, and covariate: carcass weight) 
were conducted. Fischer’s least significance difference test with a p < 0.05 
threshold determined statistical significance.
Results
The fatty acid composition of the BSF meal used in the feeding experiments 
was chiefly composed of lauric acid (Table 1) and was found to alter the fatty 
acid composition of pork backfat. Lauric acid (C12:0) content in the backfat 
of swine fed BSF five-times higher compared to the control. A similar trend 
was observed for myristic acid (C14:0). Both fatty acids are uncommon in 
animal-flesh products; thus, in light of the growing importance of production 
factor traceability, both fatty acids could be utilized as indicators for BSF as 
a dietary protein feed used in production. Identifying such indicators will be 

vital to ensuring consumers’ trust in the meat industry; especially regarding 
feed-type statement claims, which are increasing in popularity in Germany.
Secondly, BSF could increase the overall SFA content in pork backfat, given 
that BSF meal fatty acid composition is 77% SFAs. However, in our exper-
iment these effects were jeopardized by a high amount of soybean oil (up 
to 50 g/kg DM) in the experimental diets. Therefore, when considering BSF 
as a means to increase SFA content for cured-products, the diet formulation 
plays a significant role. Further research should focus on incorporating full-
fat BSF to completely substitute soybean meal and oil in swine diets.
Conclusion
Black soldier fly larval meal’s unique fatty acid composition containing high 
levels of lauric and myristic acid distinctively influences the saturated fatty 
acid composition in pork backfat; therefore making the fatty acids plausible 
biomarkers for indicating a BSF dietary protein source. The dietary high in-
clusion of BSF alone is not sufficient to increase SFA proportion in backfat, 
rather total diet formulation is more relevant.
References
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Gene expression analysis to evaluate differences in beef tenderness from nelore and Rubia gallega x nelore cattle 
(#206)
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Introduction
Beef tenderness is the most important attribute of eating sensory quality; 
however, beef herds (Bos indicus) adapted to tropical and subtropical re-
gions presents low beef tenderness, which is a problem for product accept-
ability (Bressan et al., 2011). In the last decades, the use of Bos taurus x Bos 
indicus crossbred animals has increased in beef production systems in tropi-
cal and subtropical regions to assure a high beef quality (Bressan et al., 2011).
Recently, the Rubia Gallega breed (Bos Taurus), already recognized in Eu-
rope for its quality, has been introduced in crossing with zebu in Brazil. 
Rubia Gallega animals have a higher growth rate and low development of 
fat depots, although without further details about their beef tenderness. In 
addition, Rubia Gallega may present mutations in myostatin gene (MSTN), 
the mutation results in inactivation of myostatin protein and, consequently, 
increase of muscle mass, providing the double-muscled phenotype (DM) 
(Wang & McPherron, 2012). According to Fiems (2012) DM cattle provides 
more tender meat than non-DM.
Thus, our hypothesis is that the crossbred Rubia Gallega x Nelore will af-
fect meat tenderness and gene transcripts involved in beef tenderness at-
tributes. The main objective of this study was to investigate the transcript 
levels of genes involved in proteolysis post mortem and muscle growth in 
Longissimus from Rubia Gallega x Nelore crossbred cattle.
Methods
Thirty two bulls from Nelore breed (N) (n=16) and Rubia Gallega x Nelore 
cross (RGN) (n=16) were selected (initial weight 280 kg ± 15 kg and 11 
months of age ± 2). Bulls were fed with the same diet during 120 days of fin-
ishing. All bulls were harvested and Longissimus thoracis et lumborum (LTL) 
samples were collected for analysis of gene expression and immediately fro-
zen in liquid nitrogen. All carcass were chilled for 24 h postmortem at 0-2ºC, 
and 2.5 cm thick steak was obtained between the 12th-13th ribs and the 
muscles were vacuum packed and kept at -18°C for Warner Bratzler Shear 
Force analysis (WBSF).
Samples were cooked according to AMSA (2015) and shear force was per-

formed using Brooksfield® CT-3 Texture Analyzer, according to Wheeler et al. 
(2001) expressed in kilograms (kg).
RNA was extracted using TRIzol reagent® according to the manufactur-
er’s recommendations. The target genes analyzed were myostatin (MSTN), 
µ-Calpaín 1 (CAPN1), m-Calpaín (CAPN2), calpastatin (CAST), and two nor-
malizers Glyceraldehyde-3-phosphate Dehydrogenase (GAPDH), β-Actin. 
The reactions of qPCR were analyzed in Real-Time PCR QuantStudio 6 fol-
lowing cycle parameters: initial denaturation at 95 °C for 2 min, followed by 
45 cycles consisting of 95 °C for 15 sec and 60 °C for 1 min. To calculate 
relative expression, the cycle threshold (Ct) value of target genes were nor-
malized to the geometric mean of the Ct values for GAPDH and β-actin, and 
the relative levels were represented as 2-ΔCt.
The experiment was completely randomized design, with 16 replicates per 
treatment, each animal being considered an experimental unit. The data 
were analyzed by the SAS program version 9.3. For gene expression results, 
normalized data were submitted to the Student’s T test using the Excel OF-
FICCE tool.
Results
Beef tenderness was influenced by genetic group (P = 0.025) (Figure 1). 
RGN animals presented lower values of WBSF, when compared to N group, 
5.41 kg and 6.00 kg, respectively. According to Fiems (2012) DM cattle can 
present meat more tender than non-DM, due to lower collagen content or a 
less mature collagen.
Genetic groups did not influence the transcript levels of CAPN1 (P = 0.482), 
CAPN2 (P = 0.1003) and CAST (P = 0.4309) (Figure 2). In the present study, 
it was expected to find greater gene expression of CAST in pure Nelore an-
imals, due to the higher activity of calpastatin shown in previous studies in 
these animals when compared to Bos taurus (Koohmaraie, 1994; Wheller et 
al., 1990; Wright et al., 2018).
However, other proteolytic systems, besides calpain-calpastatin, may be in-
volved in meat tenderization (Ouali et al., 2006), such as caspase systems 
(CASP) and heat shock proteins (HSP) (Ouali et al., 2013; Saccá et al., 2018). 
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Martins et al. (2017) when compared proteolysis of Angus and Nelore cattle, 
observed higher post-mortem proteolysis in longissimus muscle from Angus 
than Nelore, despite this, it was not found differences in gene expression 
of CAST or CAPN1, nor by the abundance of these enzymes, but due to the 
greater calpastatin activity in skeletal muscle of Nelore cattle than that from 
Angus.
RGN animals showed higher transcript levels of MSTN gene (P = 0.043) 
(Figure 3) when compared to N.
It is suggested that increasing levels of active myostatin protein decrease 
their own expression and promoter activity, representing a classic example 
of negative feedback. However, the same does not occur when has nonfunc-
tional myostatin, allowing higher expression of this gene.
Conclusion
The use of Rubia Gallega x Nelore crossbred suggests its potential applica-
tion to improvement of meat tenderness; however, this result is not caused 
by differences in expression of CAPN1, CAPN2 and CAST genes, but due to 
greater levels of MSTN gene.
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84–93, 2018.
 

 
Figure 2. Gene expression of CAST, CAPN1 and CAPN2 from Nelore and 
Rubia Gallega x Nelore



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

427

Notes

 
Figure 1. Warner Bratzler Shear Force (WBSF) of beef from Nelore and 
Rubia Gallega x Nelore 

 
Figure 3. Gene expression of myostatin (MSTN) from Nelore and Rubia 
Gallega x Nelore 
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Effect of by product from coconut oil production on carcass traits of growing-finishing pigs (#209)
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Introduction
The coconut palm (Cocos nucifera L.) is grown in more than 80 countries 
in the world. This multipurpose tree is used for food, animal feed, beverage, 
shelter, dry to produce fertilizer or grow crops. The main coconut by prod-
uct, copra meal or coconut oil meal, is produced by expeller extracting or 
solvent extracting the oil from dried coconut kernels [1,2]. With the increased 
production of livestock such as swine industry, demand for feed is also in-
creasing. Those are needed to be an alternative feed ingredient which are 
sufficient production, stable supply, storage convenience and cheaper price 
than established ingredients [3].
The remaining oil in copra meal and copra expellers contains 50 to 70% of 
medium-chain, saturated fatty acids (lauric acid and myristic acid), which 
can result in firmer carcass fat when high levels of copra meal are used in 
the diet [4]. Kim et al. [5] reported that copra meal with 0.1% of β-mannanase 
(800 IU) could be supplemented instead of corn and soy bean meal up to 
25% without detrimental effects on growth performance and pork quality of 
growing-finishing pigs. Since, the copra meal is useful in animal feed, this ex-
periment was conducted to study the effect of dietary copra meal on carcass 
and meat quality of pork.
Methods
The experiment was conducted in crossbred (Large white x Landrace x Du-
roc) growing-finishing pigs. Ten pigs were randomly allocated into 5 treat-
ments in 2 replicates. The treatment groups consisted of 0 (T1), 10 (T2), 20 
(T3), 30 (T4) and 40 (T5) percent of copra meal. The data of carcass traits 
of pig were subjected to analysis of least square means in a completely ran-
domized design (CRD) using the Statistical Analysis Systems Institute soft-
ware package.
Results
The effect of dietary levels of copra meal on carcass traits ingrowing-finish-
ing pigs was presented in Table 1. The results revealed that the dietary levels 
of copra meal effects to carcass length, fillet, total bone weight (P<0.05) 
and fresh side bacon (P<0.01). There was no significant difference among 
treatments in carcass yield, backfat thickness, loin, shoulder, ham and total 
of fat and skin (P>0.05). However, there was a trend for better carcass trait 
when the copra meal was supplemented at the level of 20%. The residual 
oil in copra meal contains high level of lauric acid and myristic acid as a re-
sult in three to five times greater in the backfat of pigs fed 30% copra meal 

compared with pigs fed 10% copra meal [6]. Kim et al. [3] founded that use 
of diets containing copra meal has no negatively influence on pork quality 
parameters such as fatty acid or dressing percentages and also produces 
firm fat in pigs.
Moreover, the analyses of data on red and white offal indicated that stomach 
weight was a significant higher (P<0.05) in T5 followed by T4, T3, T2 and 
T1, respectively (Table 2). No significant difference in heart, kidneys, spleen, 
liver, lung, large intestine, small intestine, urinary bladder and gall bladder 
was observed between treatment groups (P>0.05). Even though copra meal 
showed an economical and valuable by product feed for pigs and can be 
used to partially replace costly imported feed such as soybean meal, how-
ever, the high fiber content of copra meal restricts its use in pig feeding [4].
Conclusion
The different levels of copra meal in dietary of growing-finishing pig effect 
to carcass length, fillet, total bone weight, fresh side bacon and stomach 
weight.
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Table 2 Effect of dietary levels of copra meal on red and white offal 
in growing-finishing pigs.

 
Table 1 Effect of dietary levels of copra meal on carcass traits in 
growing-finishing pigs. 
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Detection of polymorphisms in the cast gene from brangus and simmental cattles using next generation 
sequencing (#210)
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Introduction
Nutritional and environmental factors as well as genetic factors and genomic 
composition are known to have a significant effect on meat quality. The po-
tential of genomic data to increase the quality of meat has been an empha-
sized subject for many years. The effects of genetic variations on meat ten-
derness and textural properties of meat have been demonstrated by several 
studies revealing that the polymorphisms in the calpastatin (CAST) gene 
play an important role in determining the meat tenderness.
Calpain activity is influenced by calpastatin which is the endogenous specif-
ic inhibitor for protease ∝-calpain. Increased post-mortem calpastatin activi-
ty is correlated with reduced meat tenderness. Variations in calpastatin gene 
change the activity of the gene and affect the tenderness of postmortem 
meat.
NGS technology is a technology that allows to analyze large amounts of 
DNA. It is therefore possible to perform sequence analysis of multiple genes 
or multiple exons simultaneously. We therefore used the NGS method to 
analyze the entire 31 exons of the CAST gene at the same time and on the 
same platform. Thus, we have ensured that many variations of the gene are 
included in the evaluation.
In this study, by performing whole gene sequencing instead of identified tar-
get mutations a large numberof variations was detected in the CAST gene. 
Positive or negative effects of the acquired polymorphisms on the CAST 
gene were evaluated.
Methods
Beef samples were obtained from two different cattle breeds, Brangus 
(n=52) and Simmental (n=52). Sequence analyses of the CAST gene were 
performed for each sample. A 1cm3 meat sample was taken for genetic anal-
ysis from each cattle for the two genetic groups and stored for DNA iso-
lation. With appropriate adapter primers, 31 exons of the CAST gene and 
exon-intron binding areas were amplified. Genetic profiling uses “New Gen-
eration Sequencing” (NGS) method.  The NGS outputs were analyzed in the 
Ensembl database. As a result of the analysis, 13 variations were determined. 
Unlike the Sanger sequencing and target polymorphism studies that were 
used in many previous surveys, this time a dynamic analysis was performed. 
With the NGS technology, more variations were determined and included in 
the study and also new variations were identified. Fisher’s Exact test was 

utilized for statistical analysis of variations and group interactions.
Results
Distribution of variations acquired by analysis of Next Generation Sequenc-
ing (NGS) outputs.
A total of 13 variations (V1... → V13) were determined after analysis and bioin-
formatics evaluation with NGS (Table 1).  V6 (exon 8 c.439C> G / p.L147LV) 
and V13 (intron 18 c.1335 + 6G> A) are variations that were not previously 
reported.
All variations that we have detected are the polymorphic attributes to MAF 
(minor allele frequencies) and only two of them (EXON 8 c.439c> G / p.l147v) 
and (INTRON 18 c.1535 + 6G> A) have not been previously reported and 
their pathogenicity is not clear and the “rs” number is not found.
Considering the variation distributions: the distribution frequencies of V1, V2, 
V5, V8, V10 and V13 variations were significantly different (p <0.05) between 
Simmental and Brangus samples (Table 2).
Conclusion
In this study, the NGS method prevented the limitation of predetermined 
polymorphic variations in detecting the correlation between CAST gene and 
meat tenderness and provided us with the possibility to detect all possi-
ble polymorphisms. This genetic profiling data is highly important for cattle 
breeders and restaurant owners therefore theyare able to choose the type of 
meat or cattle according to the data of their genetic markers.
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TABLE 2.Frequencies and level of significance for variations detect-
ed in Brangus and Simmental beef  
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Characterising production systems of beef using fatty acid composition (#214)

Bridgette G. Logan1, 2, 3, David L. Hopkins1, 2, Leigh M. Schmidtke3, 4, Stephanie M. Fowler1, 2

1 Graham Centre for Agricultural Innovation (NSW Department of Primary Industries and Charles Sturt University), Wagga Wagga, Australia; 2 NSW Department of Primary Industries, Centre for Red Meat 
and Sheep Development, Cowra, Australia; 3 Charles Sturt University, School of Agricultural and Wine Sciences, Wagga Wagga, Australia; 4 Charles Sturt University, National Wine and Grape Industry 
Centre, Wagga Wagga, Australia

Introduction
Various feeding and production systems exist for Australian cattle and these 
are necessary to meet the consumer demand for beef. Currently verification 
of production systems is solely based on audits which are costly and time 
consuming. The development of a scientific method for verifying production 
systems is required to reduce costs. A proposed system is to assess the 
fatty acid composition of subcutaneous fat as an indicator of the changes 
in diets. The fatty acid composition of subcutaneous fat has been examined 
previously, but not to compare production systems. While subcutaneous fat 
is a low value portion that is trimmed from the carcase, it provides valuable 
information on the diet of the animal and a study was undertaken to test this 
hypothesis for cattle from two different finishing systems.
Methods
In this investigation 300 beef carcases were sampled: 150 grass-fed and 
150 grain-fed animals. With the grain-fed cattle from a Southern Australian 
feedlot and grass-fed from seasonal pastures in Southern Australia. All diets 
were verified through supply chain methods and directly with the produc-
ers of sampled carcases. A 30g sample of subcutaneous fat was excised 
from the brisket and frozen at -20°C for transport and then were stored at 
-80°C until they were freeze dried, and homogenised using a Foss Knife-
Tech® grinder for 15s. Analysis of fatty acids in the subcutaneous fat were 
completed using a one-step extraction method [1].  Extraction of fatty ac-
ids was achieved by using 10mL of chloroform/methanol mixture (2:1v/v) 
added to the sample, shaken and centrifuged. Once extracted, an aliquot of 
80–100 µl was evaporated to dryness under nitrogen gas. Once evaporated, 
the mixture was methylated using 2mL of methanol/toluene mixture (4:1v/v) 
containing C13:0 (4µg/mL) and C19:0 (4µg/mL) as internal standards, 200μL 
of acetyl chloride and 5mL of a 6% potassium carbonate solution. The fatty 
acids were then identified from 80µL of FAME using an Agilent 6890N gas 
chromatograph equipped with a SGE BPX70 analytical column.
Statistical analysis was completed using linear mixed effects models, deriv-
ing predicted means and standard errors and calculating least significant 
differences between means (at the P = 0.05)for the fatty acids measured 
from the carcases of each feed type. To account for any batch effects, day of 
measurement was included as a random effect, with cattle feed type also as 
a fixed effect. All statistical analyses were completed in R Core Software us-

ing the ‘emmeans’ package and prospectr package.
Results
As highlighted in Table 1, carcases from grain-fed cattle had significantly 
higher saturated fatty acid  (SFA) concentrations (11.1g/100g) compared to 
grass-fed cattle (8.3g/100g).
Although, the concentration of total monounsaturated fatty acids (MUFA) 
in the subcutaneous fat in this study did not differ between carcases from 
grass and grain finishing systems, individual fatty acids including C15:1n-5, 
C16:1n-7t, C17:1n-7, C18:1n-7t, C18:1n-9t, C20:1n-9, C20:1n-15 and C24:1n-9 
showed significant variation. The omega-6 to omega-3 ratio was found to be 
significantly lower in grass fed cattle than in grain fed.
Conclusion
There has been extensive research conducted on the effect of diet on the 
intramuscular fatty acid composition of beef [3]. The  total MUFA  in the 
subcutaneous fat in this study did not differ between  finishing systems, 
which disagrees with previous research that has shown consistent differ-
ences in MUFA [2].
Given that finishing cattle on grain for both long and short periods can cause 
a reduction in the total omega-3 concentration [3] and an increase in ome-
ga-6 fatty acids within intramuscular fat, it is unsurprising that the omega-6 
to omega-3 ratio was found to be significantly different in the subcutane-
ous fat from cattle finished in grass and grain fed production systems. This 
difference in composition of fatty acids is due to cereal grains being rich in 
C18:2n-6, with cattle feed concentrates containing very little lipids and those 
lipids being storage triglycerides. Conversely most grasses are made up of 
55-70% C18:3n-3 [3].
The fatty acid composition of subcutaneous fat is able to be used to deter-
mine a difference between grain fed and grass fed production systems and 
can be used to determine production system and thus verify beef production 
systems. Further research aimed at collecting samples from cattle across 
various levels of grain feeding and supplementation will improve the knowl-
edge and potential use in the industry as a random auditing system of beef 
products.
1 Lepage, G. & C. C. Roy. 1986. Direct transesterification of all classes of lipids 
in a one-step reaction. Journal of lipid research, 27(1):114
2 Noci, F., F. Monahan, P. French & A. P. Moloney. 2005. The fatty acid 
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Table 1. Subcutaneous fatty acid composition from 150 grass- fed and 
150 grain-fed beef carcases Least square means (LSM) and standard 
errors (s.e.) of the subcutaneous fatty acid (FA) composition from 
carcases of 150 grass-fed and 150 grain-fed beef cattle.
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Effects of betaine supplementation on growth performance, tissue weights and mrna expressions relating to 
protein metabolism in broiler chicks (#222)

Ryozo Takada, Keisuke Matsumoto
Niigata University, Graduate School of Science and Technology, Niigata, Japan

Introduction
Betaine has been used as a methionine alternative in animal nutrition for 
more than 50 years. Because, it improves growth performance, increases 
muscle weight and reduces body fat in pigs and chicks. However, the results 
in the literatures are not essentially consistent (1, 2). These contradiction may 
be partially explained by the difference of nutrient contents in the diet. This 
experiment was conducted to clarify the nutritional mechanism of betaine for 
broiler chicks, especially focused on protein metabolism.
Methods
Twenty-seven 10-day-old male chicks (ROSS 308 strain) were assigned to 
one of the three treatment groups: corn-soybean meal based control diet, 
control diet + 0.1 % betaine, and control diet + 0.1 % methionine. The con-
trol diet was formulated to meet or excessed nutrient recommendations for 
Ross broiler chicks. Experimental period was 2 weeks. Broilers were individ-
ually housed in battery cages with wire-mesh floor and had free access to 
diet and water. At the end of experiment, birds were killed and plasma, liver, 
breast and thigh muscles were obtained for the after analysis.
Results
Body weight gain, feed intake and feed efficiency in the betaine and methi-
onine groups were significantly higher than that in the control group (Ta-
ble 1.). The breast and thigh muscle weights in the betaine and methionine 
groups were significantly heavier than that in the control group (FIGURE 1). 
Plasma free histidine and alanine concentrations were higher than that in the 
control group. Liver IGF-1 mRNA expression in betaine group, which is relat-
ing to protein synthesis, tended to be higher than that in the control group. 
Liver CPT-1 mRNA expression in methionine group, which is a rate-limiting 
enzyme of fatty acid degradation, was significantly lower than that in the 
control group. Breast and thigh muscle atrogin-1 mRNA expressions in beta-
ine group, which is relating to muscle protein degradation, was significantly 
lower than that in the control group (FIGURE 2).
Conclusion
These results indicate that betaine affects mRNA expressions of protein metab-
olism relating factors as well as growth performance in chicks. Furthermore, the 
nutritional mechanism of betaine may be partially independent of methionine. 

 
FIGURE 1 Muscle weights of chicks fed methionine and betaine sup-
plemented diets
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FIGURE 2 Relative Atrogin 1 mRNA expression in the thigh muscle of 
chicks fed methionine and betaine supplemented diets
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Comparison of quality characteristics breast meat from conventional and animal welfare farm chicken (#240)
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Introduction
The production of poultry meat has increased worldwide significantly and 
it is predicted to be the largest meat sector at 130.7 million tons by 2023. 
During last several decades, research on broilers has been focused on mass 
production, the intensive system of production, feeding, and management 
to increase productivity. However, an increasing number of consumers 
demanding health and natural foods have favored welfare farming that is 
reputed to be environmentally friendly, sustaining animals in good health, 
with high welfare standards and resulting in high-quality products. Howev-
er, there is a lack of study on the difference between chicken breast from 
conventional and animal welfare farm. Therefore, the aim of this study was 
to compare the quality characteristics and bioactive compounds of chicken 
breast from conventional and welfare farm during refrigerated storage.
Methods
Chicken breast meat of Abor Acres broilers (29-32 days old, 1.1 kg carcass 
weight) from the conventional farm (CBC, n = 30) and animal welfare farm 
(CBA, n = 30) were obtained from a slaughterhouse (Harim Co., Iksan,Korea) 
just after slaughtering. Then the breast meat was immediately wrapped with 
low-density polyethylene. The meat was directly stored in a refrigerator at 
4°C for 9 days. The pH value of meat was determined using a digital pH me-
ter. The meat color was measured on the meat with a color meter. The Tex-
ture Analyzer TA 1 (Lloyd Instruments, Berwyn, USA) with V blade was used 
to measure the shear force value of breast. Total aerobic bacteria counts 
were determined using 3M Petrifilm™. Thiobarbituric acid reactive substance 
(TBARS) was determined using the methods described by Buege and Aust 
(1978). A micro-diffusion method described by Conway method was modified 
for the determination of total volatile basic nitrogen (VBN) values in breast. 
The creatine, creatinine and di-peptide (anserine and carnosine) content 
were determined with method of Mora et al. (2007). All results of this experi-
ment were analyzed using SAS program.
Results
Meat pH, meat color, and shear force of CBC and CBA were shown in Table 
1. The pH in CBC and CBA was not significantly different on day 1, 3, 5, and 
7. The pH of CBC was significantly higher than that of CBA at day 9. The L* 
(lightness) value of the CBC and CBA was maintained from 53.28 to 55.33 
during storage and no significant changes occurred during the storage. For 

9 days, no significant difference was found in the a* value of CBC and CBA. 
The b* (yellowness) of CBC was significantly increased after day 5. No sig-
nificant difference was found in shear force of CBC and CBA on day 1, while 
the shear force of CBA was significantly higher than that of CBC on day 3, 
5, 7, and 9.
Total aerobic bacteria counts, TBARS, and VBN of CBC and CBA during 
cold storage are shown in Table 2. The initial total aerobic bacteria counts of 
CBC and CBA was 2.60-2.82 Log CFU/g on day 1, however, it was increased 
significantly during storage. There was no significant difference was found in 
total aerobic bacteria between CBC and CBA until day 7. However, total aer-
obic bacteria of CBC were higher than that of CBA on day 9 and exceeded 
value of 7 Log CFU/g, considered as no more fresh meat, as defined by the 
ICMSF (1986). The TBARS values were lower in the CBA than in the CBC at 
day 1, 7, and 9. TBARS value of the CBC and CBA increased with increase of 
storage days (P<0.05).VBN value of CBC was significantly higher than that 
of CBA during entire storage days (P<0.05).
Creatine, creatinine, and di-peptide contents of CBC and CBA for 9 days 
storage were shown in Table 3. There was no significant difference in cre-
atine contents between CBC and CBA during storage. Creatinine contents 
of CBC and CBA showed no significant difference, however, they were sig-
nificantly high on day 3-9 compared to day 1. Anserine content of CBC was 
significantly lower than that of CBA during storage except day 5. Carnosine 
contents between CBC and CBA showed no significant difference. However, 
carnosine content of CBC and CBA on day 9 was significantly lower than 
that of CBC and CBA on day 1.
Conclusion
In this study we found that the animal welfare farming system enhances 
microbial contamination, lipid oxidation or protein decomposition, and shear 
force value of chicken breast meat. Further study is needed to evaluate if 
specific condition in animal welfare farming system can change the meat 
quality and bioactive compounds.
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Table 3. Creatine, creatinine, anserine, and carnosine contents of CBC 
and CBA A-B Means within the same column with different letters are 
significantly different (P < 0.05).a-d Means within the same row with 
different letters are significantly different (P < 0.05).
1) SEM, standard error of means
2) CBC, chicken breast meat obtained from conventional farm; CBA, 
chicken breast meat obtained from animal welfare farm

 

Table 2. Total aerobic bacteria, TBARS, and VBN value of  CBC and 
CBA A-B Means within the same column with different letters are sig-
nificantly different (P < 0.05). a-d Means within the same row with dif-
ferent letters are significantly different (P < 0.05). 1) SEM, standard 
error of means 2) CBC, chicken breast meat obtained from conventional 
farm; CBA, chicken breast meat obtained from animal welfare farm 3) 

ND, not detected 
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Table 1. Meat pH, instrumental meat color, and shear force of CBC and 
CBA A-B Means within the same column with different letters are sig-
nificantly different (P < 0.05). a-b Means within the same row with dif-
ferent letters are significantly different (P < 0.05). 1) SEM, standard 
error of means 2) CBC, chicken breast meat obtained from conventional 
farm; CBA, chicken breast meat obtained from animal welfare farm 
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Effect of pigs feed phytonutrient enrichment on pork sensory quality and shelf life (#247)
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Introduction
Different approaches have been proposed for the production of carcass 
meat with a modified chemical composition (Balev et al., 2015). Newly dis-
covered plant-based phytonutrients such as Siberian larch (Larix sibirica 
Ledeb) dihydroquercetin (DHQ) (Fomichev et al., 2016) and extract of dis-
tilled rose (Rosa damascena Mill.) petals (Schieber et al., 2005) have been 
investigated for benefiting meat quality. The objective of this work was to de-
termine the effect of antioxidant feed enrichment of pigs with 3.5 and 7.5 mg 
DHQ (groups D1 and D2, resp.), or 0.255 and 0.545 g dry distilled rose petals 
(DDRP) (groups R1 and R2, resp.)/kg live weight/day added as supplements 
to pig diets on sensory properties and shelf life of pork m. Longissimus lum-
borum (LL) stored 7 d at 2 ± 1°C.
Methods
A total of 120 pigs were randomly divided to five groups - control (C) and 
four experimental groups (D1, D2, R1 and R2) each fed 45 d prior to harvest 
with different levels DHQ and DDRP enriched diets. The sensory properties 
of carcass meat were estimated by a 7 member’s panel as is described Meil-
gaard et al. (1987). A hedonic scale was used. The total microbial count and 
moulds/yeasts count were determined by ISO 4833:2001 method. ANOVA 
analysis was used to estimate the significant (p < 0.05) differences (SAS 
Institute Inc., http://www.jmp.com/support/notes/35/282.html).
Results
The sensory scores of raw pork LL demonstrates that supplementation with 
0.545 mg DDRP/kg live weight/day (group R2) guarantees the maximal (p < 
0.05) sensory quality (Fig. 1). The highest sensory scores of aroma and flavor 
(p < 0.05) were found in experimental groups R1 and R2 after meat cooking 
(Fig. 2). The use of 0.545 g DDRP/kg live weight/day as forage supplement 
has strong antimicrobial effect on LL. Compared to control (C), the most sig-
nificant (p < 0.05) decrease of the total count of mesophilic microorganisms 
was found in experimental groups D1 and R2, and of the molds and yeasts 
in the experimental groups R2 and D1(Fig. 3). Our results can be explain with 
bioactivity of DHQ (Artem’eva et al, 2015) and DDRP flavonol glycosides 
(Schieber et al., 2005) against pathogenic microorganisms. They confirm the 
hypotheses for effectiveness of DHQ and DDRP use not only in animal and 
poultry husbandry (Fomichev et al., 2016; Balev et al., 2015) but for pork qual-
ity and shelf life improvement.

Conclusion
The conclusion was made that pigs feed with enrichment of 3.5 mg DHQ/
kg live weight/day and as well as 0.545 g DDRP/kg live weight/day can 
increase the pork sensory quality and shelf life.
Acknowledgements.The authors acknolege the Fund Scientific Re-
search at the Ministry of Education and Science of the Republic of Bulgaria 
for funding the project DN 06/8/17.12.2016 “Study on mechanism of accu-
mulation of biological active compounds of plant origin in the organism of 
Bulgarian breed agricultural animals and their impact on meat quality as a 
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Literature
Artem’eva, O. A., Pereselkova, D. A., & Fomichev, Yu. P. (2015). Dihydroquer-
cetin, the bioactive substance, to be used against pathogenic microorgan-
isms as an alternative to antibiotics. Agricultural Biology, 50, 513-519.
Balev, D., Vlahova-Vangelova, D., Mihalev, K., Shikov, V., Dragoev, S., & Ni-
kolov, V. (2015). Application of natural dietary antioxidants in broiler feeds. 
Journal of Mountain Agriculture on the Balkans, 18, 224-232.
Fomichev, Y., Nikanova, L., & Lashin, A. (2016). The effectiveness of using 
dihydroquercetin (taxifolin) in animal husbandry, poultry and apiculture for 
prevention of metabolic disorders, higher antioxidative capacity, better re-
sistance and realisation of a productive potential of organism. Agriculture 
and Food, 4, 140-159.
Lorenzo, J. M., Fontán M. C. G., Franco I., Carballo J. (2008). Proteolytic and 
lipolytic modifications during the manufacture of dry-cured lacón, a Spanish 
traditional meat product: Effect of some additives. Food Chemistry. 110, 137-
149.
Meilgaard, M. C., Civille, G. C., Carr, B. T. (1987). Sensory evaluation tech-
niques.Volume II. CRC Press, Boca Raton, FL,USA. pp. 176.
Schieber, A., Mihalev, K., Berardini, N., Mollov, P., & Carlea, R. (2005). Flavo-
nol glycosides from distilled petals of Rosa damascena Mill. Zeitschrift für 
Naturforschung C - A Journal of Biosciences, 60, 379-384.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

440

Notes

 
Figure 3. Microbiological data of pork stored 7 d at 2 ± 1°C influ-
enced by pig’s supplementation 

 
Figure 2. Sensory scores of cooked pork affected by pig’s supplementa-
tion 

 
Figure 1. Sensory scores of pork Longissimus lumborum affected by pig’s 
supplementation 
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The effect of chilled storage (up to 12 weeks) on Australian beef health claimable fatty acid content (#253)
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Introduction
Considerable effort has been made to optimise the nutritional value of beef 
– specifically, production and processing methods to enhance its content 
of the health claimable eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA). This is because consumers will consider beef’s nutritional value 
and reputation for healthiness when choosing to purchase.
The distribution of Australian beef export markets requires long term chilled 
storage periods so as to smooth production gluts, provide supply consis-
tence and attract premium market share. This is characteristic of other beef 
exporting nations. EPA and DHA are both long chain polyunsaturated fatty 
acids (PUFA). Therefore, these health claimable fatty acids (FA) have greater 
susceptible to autoxidation, at cooler temperatures comparative to other FA 
with stronger C-H bonds and more resistance to the actions of free radicals 
[1]. Based on this knowledge it was apparent that the status of beef EPA and 
DHA contents merits investigation when it is held chilled for up to 12 weeks 
and therefore prone to oxidation.
Methods
Eight striploins (M. longissimus lumborum) were selected at random from 
the boning room of an Australian abattoir. These were each divided into five 
equal portions that were vacuum-packaged and assigned to a chilled stor-
age period (0, 5, 8, 10 or 12 weeks). The chiller temperature profile was 1.5 ± 
0.8 °C (mean ± standard deviation). Samples were tested at the completion 
of their chilled storage period.
Samples were first freeze-dried and ground. 0.5 g subsamples were re-
moved and their lipid components isolated in 10 mL CHCl3:CH3OH (2:1 v/v). 
FA profiles were determined using 200 µL aliquots of these total lipid ex-
tracts evaporated under nitrogen gas within individual glass tubes. Added 
to each tube was 2 mL of CH3OH:toluene (4:1 v/v) that contained C19:0 and 
C13:0 as an internal standard (0.02 mg/mL). These were then vortexed with 
200 µL acetyl chloride and heated to 100 °C for 1 h so as to permit methyla-
tion. Samples were cooled and methylation halted with the addition of 5 mL 
of 6% K2CO3. These were again vortexed, and then centrifuged to facilitate 
the separation of the layers. The upper toluene layers were then transferred 
into glass GC vials for analysis [2].
Individual fatty acid methyl esters (FAME) were measured using an Agilent 

6890 N GC fitted with a flame ionisation detector (FID). FAME were sepa-
rated using a fused C-SiO2 column with cyanopropylphenyl coating (BPX70, 
30m x 0.25 mm i.d. and 0.25 µm film thickness). Helium was used as the 
carrier gas, having 12.4 mL/min total flow rate, a split ratio of 10:1, and a col-
umn flow of 0.9 mL/min. Inlet pressure was set to 107.8 kPa, its temperature 
to 250 °C, and injection volume to 3 µL into a focused inlet liner (4 mm i.d.). 
Oven temperature was set to 150 °C and held for 30 s; increased at 10 °C/
min to 180 °C; increased at 1.5 °C/min to 220 °C; and then increased at 30 
°C/min up to 260 °C where this was maintained for 5 min so as to result in a 
36.5 min total run time. FID temperature was 280 °C with H2 flow rates of 35 
mL/min, instrument air of 350 mL/min, and N2 make-up gas of 30 mL/min. 
Sample FAME peaks were identified with reference to the internal standards. 
FA data were expressed as mg/100g fresh weight.
Data were analysed using analysis of variance models fitted with chilled 
storage period as the fixed effect; striploin as a block (random) effect; and 
intramuscular fat content as the covariate. The inclusion of IMF data in this 
analysis was based on its previously found significant variation across the 
chilled storage periods. Differences between predicted means were signifi-
cant if P < 0.05.
Results
Figure 1 shows that the total health claimable FA content of beef samples 
did not vary across the chilled storage periods (P = 0.609), this with no 
intramuscular fat content covariate effect evident (P = 0.519). The predicted 
mean ± standard error of the total health claimable FA content across all 
chilled storage periods was 14.5 ± 0.6 mg/100g adjusted for IMF. It should be 
noted that is level is lower than otherwise expected. This summative result 
reflects the absence of any individual variation to EPA (P = 0.849) or DHA (P 
= 0.336) across the same chilled storage periods.
Conclusion
These results suggest that beef produced to be healthier, based on the EPA 
and DHA content, will remain so, for up to 12 weeks. That said – this is a 
conditional conclusion. For example, if the experimental beef samples had 
lesser antioxidant potentials, higher initial content of PUFA (including EPA 
and DHA), or were held under aerobic or warmer chilled storage conditions; 
alternative responses to chilled storage periods may have been observed. 
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Nonetheless, this study does affirm chilled storage as a viable approach to 
preserve beef throughout a supply chain.
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tion of unsaturated lipids. Lipids 30:277-290.
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Improved extraction of saturated fatty acids but not omega-3 fatty acids 
from sheep red blood cells using a one-step extraction procedure. Lipids 
47:719-727.

 
Figure 1 The total health claimable fatty acid content (EPA+DHA) of 
beef M. longissimus lumborum samples held chilled for up to 12 weeks. 
Predicted means adjusted for the covariate ± standard error (bars) 
are plotted.
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Optimization of the fluorogenic assay conditions to determine caspase 3 activity in meat extracts (#263)
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Introduction
Caspases are cysteine-dependent proteases involved in apoptosis and in-
flammation processes by selectively cleaving C-terminal aspartic acid resi-
dues of peptides/proteins.Researchers put their efforts mainly on the study 
of caspases in skeletal muscle since they are activated in early metabolic 
responses associated with hypoxia/ischemia [1,2]. Current approaches ad-
dressing the determination of caspase activity in meat are performed with 
general caspase assay kits which are not properly optimized for muscle tis-
sue. Then, this research presents a tailored fluorogenic assay, as an alter-
native to the general commercial kits, to measure the activity of caspase 3 
in meat extracts.
Methods
Sarcoplasmic extracts were obtained from 0.5g of beef (Longissimus thoracis 
muscle) homogenized in 2mL of extraction buffer containing HEPES buffer, 
pH 7.5, 10% sucrose and 1mM EDTA. The homogenate was centrifuged at 
20000g for 20min at 4°C, and the supernatant was filtered and stored at 
-80°C until analyzed. Different concentrations of cysteine preservative DTT 
and Ac-DEVD-AMC substrate were tested in order to optimize the fluoro-
genic assay until reaching final experimental conditions: 50µL of sarcoplas-
mic extracts were added to each of the microplate wells followed by 20µL 
of 24mM DTT solution. Microplate was pre-incubated for 30min at 37°C and 
then the enzyme reaction was initiated by adding 50µL of 0.1mM of Ac-AMC-
DEVD dissolved in HEPES-CHAPS buffer (pH 7.5). Fluorescence intensity 
was then measured for 40min at 37°C every 2min interval. Moreover, different 
volume ratios (R-) of extract/substrate (1:1 and 3:5) were tested.
Results
The fluorescence assay proposed is based on the hydrolysis of the fluo-
rogenic substrate Ac-DEVD-AMC by caspase 3 that releases fluorescent 
AMC group with a maximum emission at 460nm wavelength [3]. Figure 1 
shows the enzyme activity at different substrate concentrations (mM) and 
extract/substrate ratios during the experimental optimization process find-
ing the highest caspase activity at 0.083 mM (R-1:1) after 46min of incubation 
at 37°C. However, such a substrate concentration was discarded to avoid 
saturation of the fluorescence detection of samples with extremely high en-
zymatic activity. The effect of extract/substrate ratio had a great influence 

in muscle caspase 3 activity: R-1:1 showed higher fluorescence values than 
R-3:5. Finally, 0.042mM, R-1:1 and 40min conditions were selected as de-
finitive substrate concentration, extract/substrate ratio and reaction time, 
respectively.
Figure 2 illustrates the effect of DTT concentration on enzyme activity of 1:2 
and 1:4 diluted extracts studied under aforementioned optimized conditions. 
Hydrolysis of Ac-DEVD-AMC did not seem to be affected by DTT concen-
tration, although caspase 3 activity was negatively affected in absence of 
DTT in samples with low enzymatic presence (data not shown). Therefore, 
4mM DTT concentration was finally selected as final optimized conditions 
to determine caspase 3 activity in meat extracts (■ in Figure 2 - undiluted 
sample).
Conclusion
After an appropriate optimization, results demonstrated that the methodol-
ogy proposed can accurately and with high sensitivity determine caspase 3 
activity in meat extracts. The straightforward microtiter plate format allowed 
the simultaneous analysis of a high number of samples and can be a better 
alternative to general caspase assay kits.
Acknowledgements
Department of Economic Development and Infrastructures of the Basque 
Government for the doctoral fellowship of C.F.G.
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Figure 1. Effect of substrate concentration (mM) and extract/substrate 
ratio (R-) on caspase 3 activity: (∆) 0.021 mM (R-1:1); (▲) 0.083 mM 
(R-1:1); (◊) 0.025 mM (R-3:5); (●) 0.05 mM (R-3:5); (♦) 0.1 mM (R-
3:5) and (○) optimized conditions (0.042 mM and R-1:1).

 
Figure 2. Effect of DTT concentration on caspase 3 activity in 1:2 and 
1:4 extract dilutions: (◊) 16 mM; (□) 8 mM; (∆) 4 mM; (▬) 1 mM and 
(○) 0 mM (R-1:1). Undiluted sample assayed under experimental opti-
mized conditions (■).
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Optimal handling of entire male pigs at the day of slaughter (#271)
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Introduction
Entire male pigs are known to be more aggressive than castrates (Boyle & 
Björklund, 2007). Therefore, it is important to optimize the handling at the 
day of slaughter to avoid fighting, which can result in reduced animal welfare 
and meat quality. Besides management and design of the lairage facilities, 
keeping pigs in small groups during lairage is a well-known way to increase 
welfare (Gade & Christensen, 1999). However, the effect of the ratio of entire 
male pigs versus female pigs in a pen is not known. It would complicate the 
handling of pigs at the slaughterhouse if a specific ratio must be met, and 
therefore it is necessary to know the welfare consequences of different gen-
der ratios.
The aim of this study was to investigate animal welfare at different ratios 
between entire male pigs and female pigs in the pens during one hour of 
lairage before slaughter.
Methods
On five successive days during a warm period (up to 29°C outdoor tem-
perature), ten pens each containing 14 pigs were observed for one hour. The 
gender combination in the pens were: 0/14, 4/10, 7/7, 10/4 or 14/0 entire 
male pigs/female pigs resulting in a total of 10 observed pens per ratio. The 
different ratios were distributed to ensure that all five combinations were 
represented in each pen-string and for an equal amount of times at each 
pen number (1-5) (see the example in Figure 1). Every five minutes, a scan 
was made identifying how many (and which) pigs were laying down. From 
these observations, a rest index was calculated as the total number of pigs 
laying down*100/the total number of observed pigs. Previously, studies have 
shown that the rest index is closely related to aggression as well as mount-
ing behaviour.
The study was conducted under commercial circumstances, and due to 
practical reasons, 10 of the pigs that should have been females were cas-
trates. Furthermore, four of the recordings were broken resulting in 10 repli-
cates of the 10/4 ratio and 9 replicates of the other combinations. The effect 
of the gender ratio as well as the location of the single pens were analysed.
Results
The rest index of the five different ratios between entire male pigs and fe-
male pigs can be seen in Figure 2. The rest index in pens with 0 or 4 entire 
male pigs was in general higher than if more entire male pigs were present, 
but there was generally a huge variation in rest index between pens. This 
means that some pens with mainly female pigs had a low rest index, while 

some pens with mainly entire male pigs had a high rest index. The average 
rest index in all pens was above 0.7 meaning that the pigs were laying down 
during 70% of the hour spend in the lairage area.
The rest index, dependent on how far away from the race to the stunner the 
pen was situated, is illustrated in Figure 2 left. The closer the pen is to the 
race, the lower the rest index. This might indicate that the pigs are disturbed 
by the push-hoist gates. Furthermore, the average rest index in pen 1 is lower 
than the average rest index of pens that only contained entire males showing 
that the position of the pigs in the lairage area is more important than the 
ratio between genders.
Entire male pigs are more aggressive than female pigs, and it is interesting 
to see if the rest index differs between the two genders. Figure 3 shows the 
individual rest index per gender. The rest index does not differ between the 
two genders. This indicates that even though the entire male pigs are ex-
pected to be more aggressive, all pigs in the pen are disturbed and not only 
the aggressors.
Conclusion
To maintain a cost-effective production system including an efficient and 
fast process flow in the lairage facilities and to improve animal welfare, pigs 
should be handled as little as possible during unloading. Therefore, it is de-
sirable if the ratio between entire male pigs and female pigs is unimportant. 
Our results show that even though a lower rest index was seen in pens hav-
ing many entire male pigs compared to pens with mainly female pigs, there 
is no reason to give specific guidelines regarding the ratio between entire 
male pigs and female pigs.
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Figure 3. Rest index during one hour of lairage depend-
ing on ratio between entire male pigs (EM) and female pigs 
(F), blue being entire male pigs and orange being female pigs. 

 
Figure 2. A boxplot of the rest index in pens with different ratios of 
entire male pigs (first number) and female pigs (second number) (left 
plot) or situated differently from the race to the stunner. 1 was the 
pen closest to the race, and 5 was the pen farthest off (right plot).

 
Figure 1 An example of how pens with different combinations of entire 
male pigs (EM) and female pigs (F) were placed on one day of obser-
vation. During the study, each day had a new combination, and all 
combinations were represented in all pens.
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Introduction
The aim of the present study was to evaluate the effect of two different rear-
ing systems, indoor (small pens) (S) versus big pens with outdoor access 
(B), on meat quality and fatty acid (FA) composition of two slow growing 
broiler hybrids. An additional aim was to evaluate if phospholipid FA compo-
sition is altered with exercise load as found earlier in human [1].
Consumer demand and subsequently production of organic broilers has in-
creased during the recent years [2]. Fast-growing, high yielding genotypes 
have been of interest and focus for the conventional production but may not 
be as suitable for organic production systems [3]. Broiler chickens for organ-
ic production should be of a slow-growing hybrid. Both hybrid and activity 
could affect muscle composition and quality parameters, e.g. tenderness, 
lipid composition [3, 4]. From a human nutritional point of view, meat rich 
in n-3 FA is preferable and therefore hybrids being better in accumulating 
these FA are advantageous.
Methods
Four hundred day-old chicken of two hybrids (Rowan Ranger (RR) and Hub-
bard CYJA57 (H)) were reared in either small pens (S, 1 x 1.5 m) or in a big pen 
(B, 8 x 113.5 m) with access to a 1.400 m2 fenced outdoor yard. Indoor space 
was 0.3 m2/chicken in both systems. All chickens had access to perches. 
Chickens received organic commercial feed and lucerne as roughage. At 73 
days chickens were slaughtered and pH and slaughter weight (SW) were 
recorded. Breast and leg were sampled and frozen in -20◦C for analyses. 
Evaluated meat quality parameters were muscle weight, pH, colour, water 
holding capacity (WHC), and tenderness of the breast muscle (M. prectoralis 
major) (as Warner Bratzler shear force (WB)). In addition total fat content, 
lipid class composition as well as phospholipid (PL) FA composition of one 
leg muscle (M. flexor hallucis longus) were analysed [5, 6]. GLM procedure of 
SAS (SAS 9.4, SAS Inst. Inc., Cary, NC, USA). Tukey’s test was used for pair 
wise comparisons and differences were considered significant if p < 0.05.
Results
General meat quality parameters are shown in table 1. RRS chicken had sig-
nificantly higher SW compared to HS and significantly higher breast weight 
compared to H from both rearing systems, but not to RRB. RRB chicken 
showed highest values of WB for both maximum force and work done with 
significant difference compared to both H groups but not to RRS. Significant 

higher levels of cholesterol were found in HS compared to RRS and PL were 
significantly higher in HB compared to RRS (table 2). Chickens with outdoor 
access had highest percentage of polyunsaturated FA and lowest in saturat-
ed FA with RRB differing significantly from RRS (table 3).
Conclusion
The obtained data indicate only minor differences of quality indices between 
the rearing systems. The found differences seem to be mainly depending 
on the hybrids. WB value were quite low in both hybrids and production 
systems, indicating a tender meat. However, with regard to the higher values 
in RRB, H might be the better choice for outdoor rearing. HB had highest 
proportion of n-3 also indicating that from a human nutritional perspective 
the combination H and B might be the preferably one. PL composition has 
been slightly altered in the groups with outdoor access but FA differed only 
in RR hybrids between S and B. We suggest that the voluntary exercise was 
not sufficient to affect FA profiles in H chickens.
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Carcass traits of feedlot nelore and Rubia gallega x nelore cattle (#392)
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Introduction
In the last decades, the use of Bos taurus x Bos indicus crossbred animals 
has increased in beef production systems in Brazil to produce better carcass 
and meat quality. Besides that, the crossbreeding promotes the use of beef 
brands in retail chains.
Rubia Gallega breed (Bos Taurus) is known for its high growth rate and low 
fat deposition (MONSERRAT & SÁNCHEZ, 2000) producing highly muscu-
lar carcasses that allow a higher cut yield (OLIETE et al., 2006). In addition, 
Rubia Gallega may present mutations in myostatin gene (MSTN). The muta-
tion results in inactivation of myostatin protein and, consequently, increase 
of muscle mass, providing the double-muscled phenotype (DM). This phe-
nomenon changes the pattern of muscle growth and development, result-
ing in upper carcasses, due to higher meat production, higher proportion 
of noble cuts and better tenderness (GERRARD et al, 1991; XAVIER, 2014). 
According to Oliete et al. (2006), carcasses of Rubia Gallega shows a higher 
yield of commercial cuts, with larger quantities of pieces with superior qual-
ity and favorable composition of meat.
Additionally, DM animals present lower feed intake and better feed conver-
sion (ARTHUR, 1995). Their carcasses presents lower fat, both subcutane-
ous and intramuscular, a higher percentage of noble cuts, about 30% more 
in muscle:bone ratio (ARTHUR, 1995), lower percentage of bones, higher 
dressing percentage and ribeye area, and consequently, can generate great-
er profitability. For these reasons, animals with DM carcasses are classified 
as superior and excellent for the European Community, being an important 
export market.
Thus, the goal of this study was to evaluate the carcass traits of feedlot 
Nelore and Rubia Gallega x Nelore crossbreed cattle.
Methods
Were used thirty-two bulls, divided into two groups: 16 Nelore (N) and 16 
Rubia Gallega x Nelore crossbred (RGN). The initial mean weight of the cat-
tle was 280 kg ± 15 kg and 11 months of age ± 2. Bulls were fed with the 
same diet during the experimental period: 1)70:30 concentrate:forage ratio 
(50 days); and  2)85:15 ratio, containing cottonseed at 20% of DM (70 days). 
The animals were humanely slaughtered, and hot carcass weight and dress-
ing percentage were determined for each animal. Carcass were cooled at 
0-2ºC and after 24h, the Longissimus muscle were sampled between 12th 

and 13 th  ribs to measure pH, ribeye area (REA, cm²), and backfat thickness 
(BFT, mm).
The statistical analyses were performed by the proc MIXED SASÒ (version 
9.3). The experimental design was completely randomized, with 16 replicates 
per treatment, being each animal considered an experimental unit.
Results
The value of pH 24h of Longissimus muscle from N and RGN groups was 
5.63 and 5.68, respectively (Table 1). These values were in the normal range 
for beef exports by Brazilian meat companies (ROÇA  &   BONASSI, 1983).
Genetic groups showed differences for hot carcass weight and dressing 
percentage (P<0.05). For both carcass traits, animals from the RGN group 
had heavier and higher yielding carcasses than the N group. The was dif-
ference between genetic groups for the ribeye area and backfat thickness 
traits (P<0.05; Table 1).
Conclusion
The use of Rubia Gallega x Nelore crossbred cattle indicates its potential 
application to provide higher carcass yield and the improvement of the pro-
duction of cuts of higher commercial value. The HCW of the N cattle was 
275.27 kg, around 15 kg less than the RGN (291.61 kg). The value for dressing 
percentage for RGN was higher (57.45%) than N (56.13%). These values are 
directly related to the greater weight of the RGN genetic group.  According 
to Oliete et al. (2006), Rubia Gallega has late maturity with higher growth rate 
and low adipose tissue content, presenting high yield of commercial cuts 
carcasses, with larger quantities of meat cuts with superior quality.
Rubia Gallega and Nelore crossbred showed superior carcass traits when 
compared to Nelore cattle. Bulls RGN showed higher REA (90.19 cm2) when 
compared to N (76.44 cm2). However, the BFT was higher for N group (5.85 
mm) than RGN (3.07 mm). This was already expected, since Rubia Gallega 
animals present low fat deposition (OLIETE et al., 2006). Silva (2011) evalu-
ating the same crossing (Rubia Gallega x Nelore) at 24 months of age, ob-
tained BFT of 1.59 mm. It is worth to mentioning that an BFT of at least 3 mm 
is required to protect the carcass against cold (LUCHIARI FILHO, 2000), 
avoiding losses in meat quality. Greater REA and smaller backfat thickness 
(BFT) are indicative of higher muscle yield, greater proportion of usable meat 
cuts and lower proportion of body fat in the carcass (LUCHIARI FILHO, 
2000; MCINTYRE, 1994).
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The higher productivity presented by the RGN animals can be explained by 
the double musculature, due to mutations in the myostatin gene. So, it can 
be affirmed that carcasses with the hypertrophic phenotype of the double 
musculature, ensure a greater production of meat (GERRARD et al, 1991; 
XAVIER, 2014).
References
1- ARTHUR, P.F. Double muscling in cattle: a review. Australian Jour-
nal of Agricultural Research. v. 46, p.1493, 1995.
2 - GERRARD, D.E., K.H. THRASHER, A.L. GRANT, R.P. LEMENAGER, M.D. 
JUDGE. Serum-induced myoblast proliferation and gene expression during 
development of double muscled and normal cattle. Journal of Animal 
Science. v. 69, p. 317, 1991.
3 - LUCHIARI FILHO, A. Pecuária da Carne Bovina. 1 ed. São Paulo: Ed. R. 
Vieira. p. 134, 2000
4 - MCINTYRE, B. L. Carcase measurements and treatments. Australian 
Society of Animal Production. v. 20, p. 37-39, 1994.
5 - MONSERRAT, L.; SÁNCHEZ, L. Sistemas de producción de carne en 
pastoreo con Rubia Gallega. Bovis, v. 92, p.23-34, 2000.
6 - OLIETE, B.; MORENO, T.; CARBALLO, J. A.; MONSERRAT, L.; SAN-
CHEZ, L. Estúdio de lacalidad de la carne de ternera de raza Rubia Gallega 
a lo largo de la maduración al vacio. Archivos de Zootecnia, v. 55, p. 
3-14, 2006.
7 - ROÇA, R.O., BONASSI, I.A. Alguns aspectos sobre alterações post-mor-
tem, armazenamento e embalagens de carnes. In: CEREDA, M.P., SAN-
CHEZ, L., coord. Manual de Armazenamento e Embalagens - 
Produtos Agropecuários. Piracicaba: Livro Ceres Ltda., cap.7, p.129-152, 1983.
8 - SILVA, M. J. F. B. Rendimento da carcaça e características 
físicas da carne de animais cruzados entre as raças Ru-
bia Gallega e Nelore. Dissertação de Mestrado, Universidade Federal 
Rural de Pernambuco. 2011.
9 - XAVIER, S. R. Prospecção de Polimorfismo no 
Gene da Miostatina em Bovinos da Raça Senepol. 
Tese Mestrado, Universidade Federal do Mato Grosso do Sul. 2014. 

 
Table 1. Carcass traits of Nelore and Rubia Gallega x Nelore cattle 
N: Nelore RGN: Rubia Gallega x Nelore SEM: standard error of the mean. 
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The impact of two different hormonal growth promotants on post-mortem proteolysis of the M. Longissimus 
lumborum from feedlot finished steer carcasses (#425)

David Packer1, Peter McGilchrist1, John Thompson1, Geert Geesink1, Rod Polkinghorne2, 1, Emily Hall1
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Introduction
Hormonal Growth Promotants (HGPs) are used to increase efficiency of beef 
production. The literature reports that cattle implanted with HGPs results in 
reduced eating quality and increased shear force (SF) (Watson 2008, Aust. 
J. Exp. Ag. 48(11): 1425-1433). Packer et al. (2019, An. Prod. Sci. 59: 384-394) 
compared two different HGP formulation effects on the eating quality of the 
m. longissimus lumborum (LL), aged for 5 and 35 days. They showed that 
different HGPs had different impacts on calpastatin activity, which presum-
ably decreased protein degradation during post-mortem aging, resulting in 
decreased eating quality. Desmin is a key structural protein, which when 
degraded leads to increased tenderness (Taylor et al. 1995, J. An. Sci. 73(5): 
1351-1367). It is hypothesised the variation in eating quality due to HGP im-
plants reported by Packer et al (2019) is associated with decreased proteol-
ysis of desmin, which is the focus of this study.
Methods
A detailed description of the animals, sample preparation and laboratory 
procedures were provided by Packer et al. (2019). Briefly, as a sub-sample of 
the larger experiment, a total of 60 composite steers were randomly allocat-
ed to three HGP treatments comprising of control (CON), Oestradiol Only; 
(OES) or Trenbolone Acetate and Oestradiol (TBA+OES) and fed a finishing 
ration for 73 days. Two TBA+OES animals lost their HGP implant and were 
excluded. Right side striploins were collected at boning and prepared into 
five portions, and aged at either 3, 5, 10, 15, or 25 days at 4℃. Following aging, 
a sample for desmin analysis was collected, and a 65g block was cooked in 
a water bath at 70 ºC for 30 min and measured for SF (Perry et al. 2001, Aust. 
J. Exp. Ag. 41(7): 953-957). Desmin degradation was determined using the 
technique by Geesink et al. (2006, J. An. Sci. 84(10): 2832-2840), with minor 
modifications. Desmin degradation ratio (DDR) was calculated as (degrada-
tion product 1 + degradation product 2) / intact desmin. A higher DDR indi-
cated greater desmin degradation. SF and DDR were analysed using mixed 
models (SAS 2002, V9) with fixed effects for HGP treatment (HGP), days 
aged (DA), DA*HGP, and striploin position, with a random term for animal 
nested within HGP. The DDR model also included SDS-PAGE gel number 
as a random effect.
Results
Hormonal Growth Promotant treatment, DA and striploin position all had 
significant effects on SF (P<0.05, Table 1), whereby TBA+OES had a signifi-

cantly higher SF when compared to the CON for all aging periods (P<0.05, 
Table 2), apart from 5 and 25 days. There was no significant difference in SF 
between the CON and OES treatments at any of the aging periods (P>0.05, 
Table 2). Aging reduced SF in all treatments (P<0.05, Table 1, Table 2). The 
posterior LL portions had higher SF than the anterior LL portions (P<0.05, 
data not shown).
For the DDR there was a significant DA*HGP interaction (P<0.05, Table 1), 
whereby the TBA+OES was significantly lower than the CON treatment at 
each aging period (P<0.05, Table 3), apart from at 3 and 10 days. There was 
no significant difference in DDR between the CON or OES samples at any 
aging period (P>0.05, Table 3), apart from 25 days. Striploin position had no 
significant effect on DDR (P>0.05, Table 1).
Using the model for SF in Table 1, the inclusion of a covariate for DDR and 
a random effect for SDS-PAGE gel number resulted in a reduction in the F 
ratio for the HGP treatment. This reduction indicated that after adjusting for 
these terms in the model, DDR accounted for 39% of the HGP treatment 
effect for SF.
Conclusion
The TBA+OES treatment resulted in increased SF and decreased DDR. The 
DA*HGP interaction for DDR showed that the HGP effect varied with aging. 
For most aging periods there was no significant difference in SF or DDR be-
tween the CON and OES although there was a trend for the OES samples to 
have higher SF and lower DDR. The reduced DDR of the TBA+OES samples 
could be explained by the reduction in proteolysis caused by an increase in 
calpastatin activity when HGP implants are used (Packer et al. 2019).
Approximately 40% of the variation in the HGP treatment effect on SF was 
explained by differences in DDR. This agreed with literature in that part of 
the negative impact of HGP implants on eating quality is through decreased 
protein degradation and as a result, tougher beef.
The OES and CON treatments had a higher rate of desmin proteolysis than 
the TBA+OES samples up to 15 days aging, though slowed thereafter. De-
spite this, by 25 days there was little difference in SF between any of the 
HGP treatments. It could be that by 15 days the CON and OES treatments 
reached a maximum tenderness limited by perimysial intramuscular connec-
tive tissue (Purslow 2005, Meat. Sci. 70(3):435-447), though because of a 
slower rate of proteolysis the TBA+OES treatment reached this point at a 
later time.
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In conclusion, the decreased eating quality of LL in TBA+OES treated car-
cases, evidenced by increased SF values, was partly explained by the de-
creased proteolysis of key structural proteins such as desmin, which may be 
caused by an increase in calpastatin activity.
 

 
Table 3. Predicted means (and average standard errors)forDesmin Deg-
radation Ratio (DDR) of the Control (CON), Oestradiol Only (OES) and 
Trenbolone Acetate and Oestradiol (TBA+OES) treatments.

Table 2. Predicted means (and average standard errors) for shear force 
(kg) of the Control (CON), Oestradiol Only (OES) and Trenbolone Ace-
tate and Oestradiol (TBA+OES) treatments.

  
Table 1. Significance (F ratios) for the effects of HGP treatment (HGP), 
days aged (DA), DA*HGP and striploin position on shear force (SF) and 
desmin degradation ratio (DDR). The SF model included a random term 
for animal nested within treatment, as did the DDR model, which also 
included a random effect for SDS-PAGE gel number.
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Fatty acids composition of meat from nellore or nellore x Santa gertrudis females reared on pasture (#485)
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Introduction
Bovines of different genetic groups should present distinct fatty acids (FA) 
compositions of meat, especially when reared on pasture. The aim was to 
compare the FA composition from pure and crossbred females, reared and 
finished on pasture.
Methods
Breeds assessed consisted of purebred Nellore (16) and ½ Nellore + ½ Santa 
Gertrudis (NE+SG) crossbred (16). All animals were reared on pasture and 
slaughtered with 32 ± 1.5 month-old. Carcasses were chilled for 24 hours, 
and then longissimus muscle (LM) was separated and sliced in steaks. FA 
were extracted from intramuscular fat of the LM (Folch et al., 1957), and the 
methyl esters were formed according to Kramer et al. (1997). The FA were 
quantified by gas chromatography (GC-2010 Plus - Shimadzu AOC 20i au-
to-injector) with a SP-2560 capillary column (100 m × 0.25 mm diameter, 
0.02 mm thick, Supelco, Bellefonte, PA). The experiment was set up as a 
completely randomized design and data were analyzed using a mixed model.
Results
The FA 16:0 was higher (P<0.05) for crossbred females, meanwhile the 18:0 
had a lower concentration compared to Nellore (Table 1). This is important 
because 16:0 is responsible for the increase in LDL levels and total cho-
lesterol in human blood plasma, while the 18:0 contributes to reduce LDL. 
However, the others saturated FA that were different (P<0.05) between ge-
netic groups, all were lower for crossbred animals. The concentration of total 
branched chain fatty acids was higher in Nellore meat (Table 1). The trans 18:1 
isomer is the last intermediate of complete biohydrogenation of 18:0 and they 
had higher quantities in Nellore, 80% higher than NE+SG (Table 2). They are 
associated with health benefits for humans (Vahmani et al., 2017). The total 
n3 FA was higher (P<0.05) for crossbred and the relation of n6:n3 was lower 
than Nellore females (Table 3); however, this relation showed satisfactory for 
both genetic groups.
Conclusion
Females ½Nellore + ½Santa Gertrudis provided a meat with fatty acids com-
position more favorable to human health than Nellore, due to the lower quan-
tities of some saturated, monounsaturated and n6:n3 relation. Both genetic 
groups showed favorable n6:n3 fatty acids for human diet.
 
ACKNOWLEDGMENTS: The authors are thankful to Sao Paulo Re-
search Foundation (FAPESP) for providing financial support (2014/20603-4 

and 2017/15336-5).
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Table 3. Fatty acids composition from female bovines from different 
genetic group, reared on pasture 1½Nellore + ½Santa Gertrudis
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Table 2. Fatty acids composition from female bovines from differ-
ent genetic group, reared on pasture 1½Nellore + ½Santa Gertrudis

 
Table 1. Fatty acids composition from female bovines from different 
genetic group, reared on pasture 1½Nellore + ½Santa Gertrudis
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A quality analysis of breast filets of broiler chickens slaughtered at different ages and fed with various 
supplementations of histidine and β-alanine (#495)
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Introduction
The high demand for white meat has led to an unbalanced genetic selec-
tion for high growth rates and pronounced meat yields in broiler chickens. 
The accelerated growth rates resulted in increased quality deviations in the 
meat, especially in the breast filet. Breast myopathies like white striping and 
wooden breast are significant quality issues characterized amongst other 
factors by reduced concentrations of the antioxidants carnosine (Car) and 
anserine (Ans) in affected muscles. The aim of this study was to increase the 
carnosine concentration in the pectoralis muscle by dietary supplementation 
with the precursors β-alanine (β-ala) and histidine (His) to improve the anti-
oxidative status and the meat quality in chicken breast filets.
Methods
In this study, 2208 one day old Ross 308 male chicks were randomly allo-
cated to six dietary treatment groups (TG) with 16 replicates and 23 birds in 
each pen. Feed and water were supplied ad libitum. Feeding phases were 
defined as starter, grower, finisher I and finisher II from 0-10, 11-20, 28-33 
and 34-53 days of age. The dietary treatments consisted of a commercial 
basal diet with a His to lysine (Lys) ratio (His:Lys) of 44 (CON) and two diets 
supplemented with His having His:Lys 54 (HIS1) and 64 (HIS2). In the other 
3 treatments the latter His:Lys ratios were tested with an addition of 0.5 % 
β-ala (BA_CON; BA_HIS1; BA_HIS2). Meat quality was analyzed in 60 filets 
per treatment after finisher I and finisher II phases. The filets were stored 
aerobically under temperature-controlled conditions (4 °C) and analyzed in 
4 blocks of 15 filets/treatment after   48 h, 96 h, 144 h and 192 h. Meat qual-
ity parameters included sensory analysis, pH, L*a*b* color, grading of white 
striping, hardness, cooking loss (after 48 h and 192 h) and thawing loss. The 
concentration of His, β-ala, Car and Ans was measured by a LC-MS/MS 
based method in 10 filet samples per treatment after 35 and 54 days of age. 
Data were analyzed using non-parametric tests in Minitab 18®; significance 
was declared at p ≤ 0.05.
Results
Growth performance was not affected by the dietary treatments. The con-
centrations of His and Car were increased in the TG as compared to CON 

after 35 days of age (both p < 0.001). The β-ala concentration in muscle was 
independent of the β-ala supplementation in the diet, but was lower in all 
groups with increased His feeding (p ≤ 0.001). The concentration of Car was 
independent of the presence of β-ala in the diet, and the Ans content was not 
different between treatments. The overall trend was similar for the 54 days 
old chickens but less pronounced. Older chickens had greater concentra-
tions of Ans and His (p = 0.003) whereas Car concentration was lower (p < 
0.001) than in younger animals. Meat quality was not influenced by the differ-
ent treatments but differences between the slaughter ages were observed, 
especially regarding general parameters like pH, L*a*b* color, cooking and 
thawing loss. The pH values were higher in breast filets of older chickens on 
each measured storage day (p ≤ 0.021). Filets of chickens slaughtered after 
53 days of age showed a higher redness than filets of younger chickens (p ≤ 
0.001) and half of them also showed a higher yellowness. Cooking loss was 
higher in older chickens whereas thawing loss was lower (p < 0.001). The av-
erage shelf life of the filets was calculated based on sensory parameters. The 
shelf life of filets from younger chickens was between 125 and   133 h, but 
was reduced in older chickens by 10 h (p < 0.001). The occurrence of white 
striping was affected neither by age nor by treatment. However, with moder-
ate levels of His supplementation in the diet, a numerical, albeit insignificant, 
decrease of the incidence of white striping was observed in the filets of 33 
days old chickens.
Conclusion
Increased His concentrations in the breast muscle could be achieved by a 
high dietary His supplementation, whereas β-ala supplementation did not 
affect the concentration of β-ala. This result might indicate that requirements 
for β-ala can be fulfilled by aspartate as natural precursor for β-ala in the 
muscle with the used basal diet.Therefore, a dietary supplementation of His 
and β-ala and the increased concentration of the dipeptides Car and Ans 
seemed to have no influence on meat quality parameters. However, higher 
concentrations of these dipeptides could increase the nutritional value of 
chicken meat.
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Carcass measurements to retail product weight in hanwoo beef (#502)
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Introduction
The best practice to estimate yield of cattle is to first break down the whole 
carcass. However, prediction equations estimated using carcass traits have 
been adopted by the beef industry because of their practicability (Johnson, 
Taylor, & Priyanto, 1995; Murphey, Johnson, Smith, Abraham, & Cross, 1985). 
Previous studies implied that the prediction equation of beef yield, estimated 
from a biased group of cattle, could be a poor estimator for industrial popu-
lation. This is the case of the Korean beef industry.
This study, therefore, was conducted to Hanwoo yield by using a mixture 
group of cows, steers, and bulls.
Methods
A total of 180 Hanwoo (80 cows, 29 bulls, and 71 steers) slaughtered were 
period at National institute of animal science meat processing plants. After 
chilling for 21 h at 1∝, the carcasses were weighted, primal cuts weight and 
primal cuts percentage.
The data were subjected to statistical analysis using the Statistic Analysis 
System (SAS) package (SAS Institute, USA, 2014). All data were analyzed by 
the General Linear Model procedure considering treatment and storage time 
as the main effects. Means were compared using Duncan’s Multiple Range 
Test. Significant differences (p<0.05) between carcass body size were de-
termined.
Results
Table 1 presents the number of animals and their carcass characteristics 
which were used for estimating equation coefficients of carcass yield. Aver-
age arrival weight 649.68 kg for the cow, 739.93 kg for the bulls and 768.97 
kg for the steers. Average cold carcass weight 381.01 kg for the cow, 441.94 
kg for the bulls and 467.60 kg for the steers. The primal cuts lean meat weight 
rate and sub-primal cuts lean meat weight rate were higher for the bull (70.45 
and 62.77%, respectively) than for the cow (63.39 and 54.86%, respectively) 
and steer (63.01 and 55.09%, respectively). Fat weight rate of bulls was lower 
than that of cows and steers. The diversity in carcass traits between sex 
groups were expected because carcass composition varies between sex 
groups during the course of growth (Steen & Kilpatrick, 1995).
Table 2, 3 presents Hanwoo beef for sex groups on primal cuts weight and 
primal cuts percentage. The primal cuts weight was tenderloin 6.72~8.09 
kg, loin 30.23~40.88 kg, strip lion 9.14~10.42 kg, chuck roll 16.68~30.84 kg, 

clod 22.66~31.25 kg, top round 22.06~27.13 kg, bottom round 33.83~41.53 kg, 
brisket 35.67~46.38 kg, shank 14.36~18.22 kg and ribs 49.45~59.04 kg. Car-
cass characteristics and meat composition data are similar to those found in 
previous studies (Lee et al., 2008; Lee et al., 2013). Loin, chuck roll, clod, top 
round, bottom round, brisket, shank weight rate of bulls was higher than that 
of cows and steers. There was no significant difference in tenderloin and ribs 
weight rate between sex groups.
Conclusion
Development of a new prediction equation for Hanwoo yield was required 
because of changes in the Korean beef industry, where the proportion of 
steers has dramatically increased, and the slaughter weight ranges to 768 
kg. These results show that other variables could in combination with car-
cass length or primal cuts weight, be used to achieve a more accurate esti-
mation of fat and carcass yield. Weight or variables derived from it, such as 
carcass compactness should be in the carcass grading system for predict-
ing kilograms of meat of the different primal.
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Carcass measurements to body size traits in hanwoo beef (#508)
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Introduction
Beef carcass classification plays an important role as a marketing aid within 
and between countries, and as a means of increasing the precision of price 
reporting for administrative purposes (Fisher, 2007), beef carcasses are clas-
sified according to the official beef carcass classification scheme (Commis-
sion of the European Communities, 1982). It has been well documented that 
carcass composition varies among cows, bulls, and steers (Hinks, Hunter, 
Lowman, & Scott, 1999; Miller, Cross, & Crouse, 1987; Mukhoty & Berg, 1971).
The objectives of the study were to determine the carcass body size of Han-
woo beef.
Methods
A total of 180 Hanwoo slaughtered were period at National institute of animal 
science meat processing plants. After chilling for 21 h at 1℃, the carcasses 
were weighted (CW) and carcasses were measured for side length (SL), 
forequarter length (FL), hindquarter length (HL), cervical vertebrae length 
(CVL), thoracic vertebrae length (TVL), lumbar vertebrae length (LVL), sacral 
vertebrae length (SVL), 6th lumbar vertebrae ~ heel length (LVHL), 7thcer-
vical vertebrae carcass breadth (CVB), 5~6th thoracic vertebrae breadth 
(TVB), 4~5th lumbar vertebrae breadth (LVB), 5th sacral vertebrae breadth 
(SVB), 7~8th thoracic vertebrae girth (TVG), coxae girth (CG), 4~5th lumbar 
vertebrae thick (LVT), coxae thick (CT), 7~8th thoracic vertebrae thick (TVT) 
(Fig. 1).
The data were subjected to statistical analysis using the Statistic Analysis 
System (SAS) package (SAS Institute, USA, 2014). All data were analyzed by 
the General Linear Model procedure considering treatment and storage time 
as the main effects. Means were compared using Duncan’s Multiple Range 
Test. Significant differences (p<0.05) between carcass body size were de-
termined.
Results
 Table 1 presents Hanwoo beef for sex groups on body size. Average cold 
carcass weight 381.01 kg for the cow, 441.94 kg for the bulls and 467.60 kg 
for the steers.
The Hanwoo carcass body size was side length 248~263 cm, forequar-
ter length 108.69~114.37 cm, hindquarter length 142.06~150.14 cm, cervical 
vertebrae length 43.48~45.49 cm, thoracic vertebrae length 76.80~81.84 
cm, lumbar vertebrae length 40.05~42.73 cm, sacral vertebrae length 

32.78~35.76 cm, 6th lumbar vertebrae ~ heel length 100.13~107.82 cm, 7thcer-
vical vertebrae carcass breadth 74.61~81.62 cm, 5~6th thoracic vertebrae 
breadth 76.99~81.49 cm, 4~5th lumbar vertebrae breadth 41.00~44.94 cm, 
5th sacral vertebrae breadth 44.90~49.93 cm, 7~8th thoracic vertebrae girth 
169.05~179.30 cm, coxae girth 129.89~133.07 cm, 4~5th lumbar vertebrae 
thick 23.89~25.03 cm, coxae thick 21.46~22.45 cm, and 7~8th thoracic verte-
brae thick 18.88~20.79 cm.
Side length, hindquarter length, cervical vertebrae length, lumbar vertebrae 
length, sacral vertebrae length, 6th lumbar vertebrae ~ heel length, 5~6th 

thoracic vertebrae breadth, 4~5th lumbar vertebrae breadth, 5th sacral ver-
tebrae breadth, 7~8th thoracic vertebrae girth and 7~8th thoracic vertebrae 
thick was highest length in steer. There was no significant difference in cox-
ae girth, 4~5th lumbar vertebrae thick and coxae thick between sex groups.
Conclusion
The results of bull and steer had showed that Hanwoo significantly high-
er side length, cervical vertebrae length,  thoracic vertebrae length,  lumbar 
vertebrae length, sacral vertebrae length, 6th lumbar vertebrae ~ heel length, 
7thcervical vertebrae carcass breadth, 5~6th thoracic vertebrae breadth than 
cow.
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Fig. 1. Measurement of carcass size 1) Side length, 2) Forequarter 
length, 3) Hindquarter length, 4) Cervical Vertebrae length, 5) Tho-
racic Vertebrae length, 6) Lumbar Vertebrae length, 7) Sacral Verte-
brae length, 8) 6th Lumbar Vertebrae ~ Heel length, 9) 7th Cervical 
Vertebrae carcass breadth, 10) 5~6th Thoracic Vertebrae breadth, 11) 
4~5th Lumbar Vertebrae breadth, 12) 5th Sacral Vertebrae breadth, 
13) 7~8th Thoracic Vertebrae girth, 14) Coxae girth, 15) 4~5th Lum-
bar Vertebrae thick, 16) Coxae thick, 17) 7~8th Thoracic Vertebrae 
thick. 
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Relations among fatty acids of aged beef from nellore steers fed protected linseed oil during periods before 
slaughter (#510)

Fabiane S. Costa1, Thiago M. Pivaro2, Emanuel A. Oliveira2, Wignez Henrique3

1 Fine Instrument Technology, São Carlos, Brazil; 2 UNESP, Jaboticabal, Brazil; 3 APTA, São José do Rio Preto, Brazil

Introduction
The inclusion of vegetable oils in diet is being highly use due to the effective 
change in the composition of beef intramuscular fat, and the linseed oil is 
rich in n3 fatty acids (FA), about 58%. The aim of this study was to assess 
the time required, prior to slaughter, to feed beef cattle with protected lin-
seed oil in order to modify the FA relationships and the influence of aging on 
these relations.
 
Methods
Twenty-eight Nellore steers, averaging 397.74 ± 14.07 kg and 18-month-old, 
were used on this study. The animals were fed with protected linseed oil 
during 0, 35, 70 or 105 days prior to slaughter. Animals were slaughtered 
and carcasses were chilled for 24 h; longissimus muscle was separated in 
steaks, vacuum packaged and aged for 0, 7 or 14 d at 2∝. After aging, the FA 
were extracted (Folch et al., 1957), and methyl esters were formed (Kramer 
et al., 1997). The FA were identified and quantified by gas chromatography 
(GC-2010 Plus - Shimadzu AOC 20i auto-injector) with a SP-2560 capillary 
column (100 m × 0.25 mm diameter, 0.02 mm thick, Supelco, Bellefonte, PA). 
The relations among FA were calculated.
The experiment was set up as a completely randomized block (initial body 
weight) design, using times of providing protected linseed oil (PLO), aging 
periods and interaction in the statistical model.
Results
There was no interaction between polyunsaturated:saturated (PUFA:SFA) 
and n6:n3 FA ratios. The time of PLO provided to steers did not affect the 
PUFA:SFA relationship on beef steaks (Table 1).
The n6:n3 FA ratio decreased linearly with increasing time of providing PLO 
to steers (Table 1). Thus, prolonging the supplementation of linseed oil prior 
to slaughter, the meat would obtain a FA relation closer to the recommend-
ed, that should be below 4:1 (Wood et al., 2008). Higher n6:n3 ratio is a risk 
factor for the development of cancer and coronary heart disease. Therefore, 
a way to improve this relation and to make them closer to the optimum lev-
el, making the beef a more balanced food from the point of view of human 
health, would be the inclusion of vegetable protected oils in the ruminants 
diet, including linseed oil, which have high amounts of polyunsaturated FA, 
mainly of n3 and n6 family.
For aging period, no differences were found for n6:n3 ratio (Table 2).

The relation of PUFA:SFA decreased quadratically with a longer aging pe-
riod. The proportion found in this study was lower than the recommended, 
which would be equal or above 0.40 (Wood et al., 2008).
Significant interactions were observed between unsaturated:saturated - 
UFA:SFA (P<0.01) and monounsaturated:polyunsaturated FA ratios (P<0.01) 
(Figure 1).
A linear effect (P <0.05) for aging period was observed within all treatments 
between UFA:SFA and PUFA:SFA ratios. Within the aging period 0 and 7 d, 
a linear effect of PLO supplementation time was also observed (P<0.05) for 
these same variables, meanwhile no differences were found for 14 d of aging 
(P>0.05).
 
Conclusion
Provide protected linseed oil on diet for steers up to 105 d before slaughter 
is detrimental to some relations between FA on meat and aging process ac-
centuates this negative effect.
ACKNOWLEDGMENTS: The authors are thankful to the Sao Paulo 
Research Foundation (FAPESP) for providing financial support (2010/07951-
2 and 2017/15336-5).
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Figure 1 Unsaturated:saturated (A) and monosaturated:saturated (B) 
fatty acids on meat aged for 0, 7 or 14days, from Nellore steers 
supplemented with protected linseed oil  (PLO) during different peri-
ods before slaughter (days).

 
Table 2. Relations between longissimus fatty acids on meat aged for 
0, 7 or 14 days from Nellore ste 

 
Table 1. Relations between longissimus fatty acids on meat of Nellore 
steers fed protected linseed o 
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Residual feed intake does not interact with growth promotants on growth and meat quality of crossbred angus 
steers (#536)

Patience Coleman, Bimol C. Roy, Heather L. Bruce
university of Alberta, Agricultural, Food and Nutritional Science, Edmonton, Canada

Introduction
Anabolic hormonal implants and β-adrenergic agonists are the two most 
common growth promotants (GP) used in North American beef cattle pro-
duction. Residual feed intake (RFI), a measure of feed efficiency in cattle 
production that has recently become a tool for animal selection, has the po-
tential to be synergistic with GP. GP can affect beef tenderness negatively 
(1) and the effects of RFI on meat quality are not yet fully understood (2). The 
objective of this study was to ascertain if interactions existed between GP 
and RFI status on steer growth performance and carcass and meat quality.
Methods
Forty-seven crossbred Angus steers from herds selected for low (effi-
cient,n=26) (-0.33±0.08) or control (inefficient,n=21) (0.63±0.09) RFI status 
were randomly assigned to one of four treatments within RFI status: con-
trol (no implant), no ractopamine hydrochloride (RH) (n=12), implant and 
RH (n=11), RH only (n=12) and implant only (n=12). Steers receiving steroid 
implants received an implant containing 200 mg progesterone and 20 mg 
estradiol benzoate at 10 months of age and another implant containing 120 
mg trenbolone acetate and 24 mg estradiol 80 days later. RH was fed at 200 
mg/head/day for the last 28 days of finishing. Semimembranosus (SM) mus-
cles were removed from right carcass sides 48 hours post mortem and cut 
in half. Halves were randomly assigned to 3 and 12 days of ageing at 0±4°C 
and were balanced within treatment for position within the muscle. War-
ner-Bratzler Shear Force (WBSF) and  proximate content were measured 
according to Girard et al., (2012a) (3). Meat colour was measured according 
to Girard et al., (2012b) (1). Data were analyzed using RStudio (R version 3.5.1 
(2018-07-02). Live weight data were analyzed using ANCOVA with initial live 
weight  as a covariate. Carcass quality data were analyzed as a split plot 
blocked by slaughter group. RFI, RH, steroid treatment and their interactions 
were the fixed effects within the whole plot, with ageing period and its in-
teractions as the fixed effect at sub-plot level. Animal within slaughter group 
served as the random effect.
Results
Results confirmed that low RFI steers were more feed efficient than con-
trol RFI steers (P<0.05). Implanted steers consumed more feed (P=0.0464) 
possibly due to increased maintenance energy requirement from increased 
body weight (4) and had greater feed efficiency(P<0.0001) than non-im-
planted steers. Final live and carcass weights were increased in implant-

ed steers (P<0.0001). Mean luminosity (L*), yellowness (b*), chroma, hue 
(P<0.0001) and redness (a*) values were greater (P=0.0014)  in steaks aged 
for 12 days than steaks aged for 3 days. Increased myofibril degradation 
and the presence of drip in the extramyofibrillar space can increase reflec-
tion of light. Steaks cooked to 71°C from control RFI steers had lower mean 
WBSF (41.97±1.14N) than those from low RFI steers (47.11±1.02N) (P<0.0012). 
This could be due to increased feed intake associated with control RFI 
status translating into excess fat (5), but RFI had no effect on fat content 
(P=0.5952). Steaks regardless of implant treatment had lower mean WBSF 
values at 12 days postmortem than steaks at 3 days postmortem (P=0.0187) 
(Figure 1) most likely due to additional postmortem proteolytic activity with 
prolonged ageing (6). There was no effect of RH on production efficiency 
and meat quality characteristics.
Conclusion
Results confirmed that steroids enhanced production efficiency of beef 
steers but increased beef toughness. Selection for low RFI did not interact 
with growth promotants to affect growth or meat quality characteristics but 
may increase the toughness of high connective tissue muscles.
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Interaction between ageing period and steroid implants on tenderness 
of the SM muscle Figure 1. WBSF values(N) of SM muscles from steers 
implanted or not and aged for 3 or 12 days (n=23,23,24 and 24 re-
spectively). Treatment interaction with different superscripts differ 
according to Tukey’s method for least square mean comparisons be-
tween interaction means (P<0.05).
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Influence of sexual condition of feedlot crossbred angus x nelore cattle on carcass traits (#558)
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Introduction
Brazil is the second largest producer and one of the largest beef exporters in 
the world and the majority of the Brazilian herd is composed mainly of pure 
bred or crossbred Bos indicus cattle. However, this fact would be altered by 
using strategies such as the use of taurine crossbred cattle exploring the 
heterosis and complementarities of those genotypes.
Besides the breed, the sexual condition of cattle has a strong influence 
on beef quality, as it affects the deposition of muscle and carcass fat-
ness (ZHANG et al., 2010). The effect of sexual condition has been shown 
to be greatly determinant in differences in growth and deposition rates of 
body tissues on carcass (BERG; BUTTERFIELD, 1976; OWENS et al., 1995), 
resulting in a direct effect on performance (BERG; BUTTERFIELD, 1976) and 
beef quality (GAGAOUA et al., 2015).
Bulls had the best performance traits, regarding efficient feed conversion, 
faster growth and greater carcass dressing-out, producing more muscle tis-
sue than fat (SEIDEMAN et al., 1982; FRITSCHE; STEINHART, 1998). Ac-
cording to Lee et al. (1990), the superior performance represented by the 
greater live weight, carcass weight, ribeye area and carcass dressing per-
centage presented by bulls is due to the presence of testosterone.
Regarding the disadvantages presented by bulls and the attempt to obtain 
an improvement in meat quality, beef production implies castration of bulls 
for slaughter, thus reducing aggressiveness and facilitating their handling. In 
this sense, it is necessary to study the use of young females for beef produc-
tion attempting to produce better carcass quality and to attend the demands 
of the consumer market.
The influence of sexual condition (bull, steer, and heifer) of feedlot crossbred 
Angus x Nelore cattle on carcass traits was studied, using the example of 
hot carcass weight, dressing, pH 24 h, ribeye area, and backfat thickness.
Methods
One hundred and fifty Angus x Nelore cattle (50 bulls, 50 steers, and 50 heif-
ers) were used, presenting an initial mean weight of 239.6 ± 14.7 kg, 226.3 ± 
12.0 kg and 230.0 ± 8.7 kg, respectively, and 11 months of age. The animals 
were confined, kept under the same management conditions and diet for 
150 days and harvested. The final mean weight was 488.9 ± 30.7 kg, 452.5 

± 24.9 kg, and 431.3 ± 26.3 kg for bulls, steers, and heifers.  Hot carcass and 
dressing percentage were measured. After carcasses were chilled for 24 h 
at 0-2 ºC, pH 24 h using a digital pH meter (Hanna Instruments Inc®, Model 
HI 99163, Woonsocket, RI, USA), ribeye area using a 1 cm2 rib eye grid, and 
backfat thickness with a 6” digital caliper (Amatools, Model ZAAS Precision, 
Piracicaba, SP. Brazil) were analyzed in Longissimus muscle, between the 
12th and 13th ribs.
The experimental design was a completely randomized, with 50 replicates 
per treatment, considering each animal as an experimental unit. The data 
were analyzed by the proc MIXED SAS® (version 9.4), and submitted to 
ANOVA. Significance was declared when P < 0.05, and means were com-
pared by the Tukey test (5% of significance).
Results
Bulls presented higher hot carcass weight, dressing percentage, pH value, 
and ribeye area when compared to the other sexual conditions (P < 0.0001). 
However, heifers had greater backfat thickness compared to the other cat-
egories (P < 0.0001). Steers and heifers had no difference as regards of 
dressing percentage and ribeye area (P < 0.0001) (table 1).
Possibly, the results observed in this study for carcass and beef traits of 
bulls are associated with hormonal profile. Testosterone stimulates the in-
crease of amino acid incorporation into the protein, thus increasing muscle 
mass without a concomitant increase in adipose tissue (DAYTON; WHITE, 
2008). In addition, besides the anabolic effect, testosterone has a secondary 
effect on the temperament of the animals, causing a greater susceptibility to 
pre-slaughter stress on bulls, which produces beef with high pH value, dark 
color, and tough beef (LEE et al., 1990).
The greatest backfat thickness and the lower weight of heifer’s carcasses is 
due to earlier fat deposition, thus reducing the rate of growth (BERG; BUT-
TERFIELD, 1976).
Similarly to Seideman at al. (1982), in these study, steers and heifers showed 
lower performance and higher fat deposition when compared to bulls.
Conclusion
As shown, the sexual condition influences carcass traits and the best sexual 
condition to be used by producers depends on the purpose of their produc
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tion. If the goal is to produce beef in quantity, the best sexual condition to be 
produced is bull. But, if attempting to produce better carcass quality and to 
attend the demands of the consumer market, heifers and steers are the best 
sexual conditions to be produced.
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Table 1. Carcass traits of Angus x Nelore cattle of different sexual 
conditions

Table 1  
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Biological evaluation of dietary n-6:n-3 ratio and different processing methods and their role on meat quality of 
growing pigs (#607)

Seung Min Oh1, Se Young Yoon1, JungWoo Choi1, Su Hyup Lee2, Aera Jang1, Seung Hyung Lee3, Jin Soo Kim1
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Introduction
In recent years, there has been an increased interest in manipulating the 
fatty acid composition of meat to produce healthier meat with a higher ratio 
of polyunsaturated to saturated fatty acids. The ratio of n-6:n-3 is particular-
ly beneficial  in pigs meat because they normally do not have an adequate 
amount of polyunsaturated fatty acids in their diets. Flaxseed (linseed) is a 
good source of polyunsaturated fatty acid. The aim of this study was to eval-
uate the main effects of n-6:n-3 ratio and the processing methods of linseed 
on growth performance and fatty acid composition of meat in growing pigs.
Methods
A trial was conducted to investigate the effects of dietary n-6:n-3 ratio and 
processing methods on growth performance, fatty acid concentrations of 
longissimus dorsi, relative expression of cytokines, blood profiles,  and meat 
quality in laying hens. 180 growing pigs were randomly allotted to five treat-
ments on the basis of body weight. The dietary treatments included a basal 
diet, two n-6:n-3 ratios (W4, 4:1; W2, 2:1), and 2 processing methods (O and 
X).
Results
Pigs fed the W4 and W2 diets had greater (P<0.05) final body weight. The 

W4 and W2 diets decreased the overall stearic acid in longissimus dorsi. 
There were reductions in the concentration of palmitoleic acid of longissi-
musdorsi in pigs fed W4 diet compared with the basal diet. The W4 and W2 
diets decreased the concentration of α-Linolenic acid in longissimus dorsi 
of pigs (P<0.05). The overall concentration of short chain fatty acids and 
n-6:n-3 ratio of longissimusdorsi was greater in pigs fed the basal diet, how-
ever, the ratio of polyunsaturated fatty acids was the lowest in the pigs fed 
the basal diet. The medium unsaturated fatty acid content of longissimus-
dorsi was higher in pigs fed the basal diet compared with pigs fed W2 diet 
and X processing method. The relative expression of acetyl CoA carboxylase 
and fatty acid synthase were higher in pigs fed W2 diet compared with pigs 
fed the basal and W4 diets. Lower total cholesterol and higher lymphocyte 
percentage of plasma were observed in growing pigs fed W2 diet. The cook-
ing loss ratio of meat was higher in pigs fed the W2 diet compared with the 
basal diet.
Conclusion
The present results indicate that the W2 and W4 had the potential to en-
hance the growth performance and meat quality of growing pigs.
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Impacts Of Heat Stress On Retail Meat Quality Of 2ND Cross And Dorper Lambs (#620)
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Introduction
High environmental temperatures compromise animal welfare and produc-
tivity during hot summer months. Heat stress (HS) has become one of the 
major challenges for the livestock and meat industry. Heat stress not only 
imposes negative effects on animal physiology and growth performance, but 
has also been reported to cause a higher incidence of dark firm and dry 
(DFD) or pale soft and exudative (PSE) meat [1]. However, previous research 
of the effect of heat stress on animal growth performance and meat quality 
is very limited, and results are equivocal which could be because of different 
species, breeds, and the duration of heat exposure. For example, Kadim et 
al. [2] suggested that acute and chronic heat stress had negative effect on 
fresh colour, shear force and water holding capacity (WHC) of sheep meat. 
Conversely, Hashem et al. [3] reported that 4- 8 hours heat exposure in sum-
mer had no significant effect on goat slaughter weight and drip loss of the 
meat. Therefore, a systematic heat stress experiment is needed to examine 
HS impacts on meat quality under commercial conditions. This experiment 
was designed to measure the impact of heat stress on meat quality of 2nd 
cross (Poll Dorset X (Merino X Border Leicester)) and Dorper lambs, which 
may have better heat tolerance [4], finished under 2 weeks of HS in climate 
chambers.
Methods
This experiment was approved by FVAS Animal Ethics Committee (AEC 
ID 1714357.1). 48 lambs (4-5 months old, 38 – 42 kg liveweight; 24 of each 
breed) were obtained. Lambs were acclimatized for 2 weeks in group pens 
and then housed in individual pens for the experiment. Lambs were fed a diet 
of oaten (25%) and lucerne (25%) chaff, and standard finisher pellets (50%) 
ad libitum and water was available ad libitum. After acclimatization, animals 
were exposed to thermo-neutral (TN; 18-21°C, 40-50% RH, n=12) or cyclic 
HS (28°C- 40°C, 40-60% RH, n=12) for 2 weeks in climate chambers. All 
slaughter procedures were followed as per standard commercial operations 
including stunning and electrical stimulation. Longissimus lumborum(LL) 
muscle was removed at 24 h postmortem, sliced into 2.5 cm steaks, and 
packaged using HiOx (80% O2, 20% CO2) packaging for 0 d, 2.5 d, 5 d, 7.5 
d, 10 d of retail display. Meat colour was measured after each package time 
point and cooking/purge loss were measured after 0 d, 5 d and 10 d display. 
Statistical analysis was performed using SPSS Statistics 19 software. Single 

factor general linear model procedures were undertaken followed by Tukey’s 
honest significant difference test for multiple comparisons (95%). Meat qual-
ity attributes were analyzed for the main effects of breed, temperature, and 
all interactions.
Results
There was no effect of HS or breed on retail meat quality meat lightness and 
yellowness, but HS increased the Redness(a*) value for 2nd cross lambs 
over 2.5 to 10 d of retail display (Figure 1). The 2nd cross HS, but not Dorper 
HS, lambs, had redness (a*) values above the acceptance threshold of 14.8 
[5] after 5 d display.
HS significantly increased cooking (0 d) and purge loss (5 d) of Dorper 
lambs but had no effect on meat from 2nd cross lambs (P<0.05, Figure 2).
Conclusion
When finished under HS conditions, Dorper lambs had higher cooking (o 
day) /purge (5 day) loss when compared to Dorpers under TN conditions 
(P<0.05) at 0 days. At 0-5 days post-mortem, the 2nd cross lambs were inter-
mediate for cook/purge loss relative to the Dorper HS and TN and not differ-
ent (P>0.05 for all). 2nd cross lambs, however, 2nd cross lambs demonstrated 
better meat retail colour stability after 2.5 d and 5 d display. In conclusion, 
the effect of HS on meat quality varies between breed. Dorpers subjected 
to HS show reduced water-holding capacity post-mortem (increased water 
loss) but this was not evident in the 2nd cross. Heat stress generally caused 
increased redness in the muscle during retail display and this was accentu-
ated in the 2nd cross lambs.
REFERENCES
1. Gregory, N.G., How climatic changes could affect meat quality. Food re-
search international, 2010. 43(7): p. 1866-1873.
2. Kadim, I.T., O. Mahgoub, and S. Khalaf, Effects of the transportation during 
hot season and electrical stimulation on meat quality characteristics of goat 
Longissimus dorsi muscle. Small Ruminant Research, 2014. 121(1): p. 120-124.
3. Hashem*1, M., et al., Effect of heat stress on blood parameter, carcass and 
meat quality of
Black Bengal goat. 2013.
4. Ross, T.T., L. Goode, and A.C. Linnerud, Effects of high ambient temperature 
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Figure 2. The effect of heat stress on cooking and purge loss of 2nd 
crossbred and dorper lambs long0 d- 10 d cooking loss- treatment 
P>0.05, breed P>0.5, treatment×Breed P>0.05; 5d purge loss- treat-
ment P<0.01, breed P>0.5, treatment×Breed P>0.05; 10 d purge loss- 
treatment P>0.05, breed P>0.5, treatment×Breed P>0.05. a,b Means with 
different superscripts differ significantly (P<0.05).

Table 1. The effect of heat stress on meat redness (a*) and storage pH 
of 2nd crossbred and dorper l  N.S.=No significant *** P<0.01, *P<0.05
a,b Means with different superscripts differ significantly (P<0.05)
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Polymorphisms in the genes of glycolysis are associated with beef production and quality traits in South African 
purebred bulls (#537)

Annie Basson1, 2, Lorinda Frylinck1, Phillip Strydom1

1 Agricultural Research Council, Animal Production, Pretoria, South Africa; 2 University of Pretoaria, Animal and Wildlife Sciences, Pretoria, South Africa

Introduction
Intermediary metabolic processes of the sarcoplasm play a critical role in 
determining the cellular conditions, which in turn influence both structural 
and biochemical processes of the conversion of muscle to meat. In these 
processes, glycolysis plays a key role in determining the rate of pH decline, 
which in turn can influence a range of beef quality traits. Analysis of single 
nucleotide polymorphisms (SNPs) of causal genes is a useful tool to verify 
genes for beef production and quality traits, in order to design custom SNP 
panels for specific subpopulations, or even individual herds.
Methods
To determine the role of polymorphisms in the genes for the enzymes of 
glycolysis, 144 SNPs of the Bovine-HD SNP BeadChip (Illumina) were used 
in a correlation analysis for beef traits, including growth, colour, tenderness, 
calpain protease activity, water-holding capacity (WHC), drip and cooking 
loss, and metabolite concentrations. All bulls were feedlot-finished, pure-
bred South African beef breeds (n=166) and loins were used to determine 
meat quality. Data were analysed using PLINK, with Bonferroni correction of 
P-values (a=0.05).
Results
There were 35 associations with average daily gain over the last 35 days 
of the finishing period (ADG35), where individual SNPs explained between 
6.9-19.8% of the variation in ADG35. The most notable associations were 
observed for the hexokinase 1 gene (hk1), which could favour energy supply 
to cellular metabolic processes, by maintaining the glucose concentration 
gradient into muscle fibres. Of the 19 SNPs in the hk1 gene that correlat-
ed with ADG35, 11 exhibited R2>10% (up to 19.8%, P<0.0001).The hk3 gene 
(R2<13.9%) and the gene for the M isomer of lactate dehydrogenase (ldha) 
also exhibited strong correlations with growth.
 
There were 9 correlations with lightness (L*), particularly for SNPs in the 
muscle-type phosphofructokinase (pfkm), hk1 and ldhb genes (R2=6.6-8.9%). 
Yellowness (b*) and chroma (C*) both exhibited seven correlations with gly-
colysis enzyme SNPs, where both traits were particularly influenced by the 
muscle-type phosphofructokinase gene (pfkm), ldhb and hk1 (R2=6.7-14.4%), 
although ldhd made an important contribution to the C* phenotype.
 
Individual SNPs in glycolytic genes affected tenderness, measured as myo-

fibril fragment length (MFL, R2=6.9-11.0%) and Warner-Bratzler shear force 
(WBSF, R2=6.7-9.8%). Notable genes that affected tenderness were ldha 
and ldhd, enolase 1 (eno1), hk1 and phosphoglycerate kinase (pgk1). These 
associations can be linked to correlations between the glycolytic SNPs and 
protease activities, where 35 correlations between genotypes and calpain, 
calpastatin and/or relative calpastatin were observed in the eno1, hk1 and 
ldhd gene, as well as the G6P isomerase gene (gpi).
 
Although the SNPs of the enzymes of glycolysis did not correlate with WHC 
or drip loss, several associations with cooking loss were identified. The SNPs 
in the gene for enolase a (eno1) explained between 12.6-15.5% of the variation 
in cooking loss, while gpi and hk1 SNPs also contained several SNPs related 
to cooking loss. Both ldha and ldhb contributed to cooking loss, but only a 
few associations were significant. The regulatory kinase mitogen-activated 
protein kinase (mapk14) explained between 8.8% to 12.1% of the variation in 
cooking loss.
 
The hk1 and hk3 genotypes correlated with glycogen, glucose and glucose 
6-phosphate (G6P) concentrations in the first day post-mortem (individual 
SNPs explained 7.2-11.4% of the variation in metabolites). Other genes (hk3, 
ldhd and pfkm) explained 6.8-7.5% of the variation in lactate concentration.
Conclusion
Several genes were shown to correlate with colour changes post-mortem, 
which could be linked to lactate build-up from anaerobic glycolysis (i.e. the 
rate of pH decline). The genes of glycolysis that determine the variation in 
tenderness and those that determine protease activity were found to be sim-
ilar. Because glycolytic activity is linked to the rate of pH decline, it can have 
profound effects on calpain system activities, which in turn determine the 
tenderness of beef. The rate of the post-mortem pH decline can also affect 
the WHC of meat, which can result in differences in drip loss, cooking loss 
and thawing drip. This could in turn influence the juiciness of steaks, having 
a potentially negative impact on consumer satisfaction. The SNPs of glyco-
lytic enzymes were verified for beef quality traits in South African purebred 
beef bulls. The SNPs from the first and the last step of glycolysis (hk and 
ldh genes) were identified as important sites for identifying genotypes for 
selection purposes and should be considered for inclusion in customised 
SNP chips.
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Figure 1: Correlations between SNPs in the hexoki-
nase genes and beef production and quality traits i

 
Table 1: Illumina bovine-HD SNP BeadChip genes used in association 
analysis
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Figure 2: Correlations between SNPs in the lactate dehydrogenase 
genes and beef production and quali 
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Lipid oxidation in cooked pork meat sausages as affected by natural antioxidant combinations (#73)

Liisa Keto1, Sari Mäkinen1, Laila Seppä2, Eero Puolanne2, Maarit Mäki1

1 Natural Resources Institute Finland, Production Systems, Jokioinen, Finland; 2 University of Helsinki, Department of Food and Nutrition, Helsinki, Finland

Introduction
Lipid oxidation in meat products causes major quality deterioration during 
storage (Valencia et al., 2008; Erdmann et al., 2017). Nitrite, phosphates and 
ascorbates are the mostly used antioxidants, but an interest has been grow-
ing towards natural antioxidants due to the risks associated with the above 
antioxidants (Yu et al., 2015). Spices, herbs, berries and fruit are rich in natu-
ral antioxidants (Carlsen et al., 2010) and during recent years different natural 
antioxidants, but not so often mixtures of them, have been studied to find 
suitable replacers for synthetic antioxidants in meat products (Karre et al., 
2013; Kumar et al., 2015).
The purpose of the present study was to study the antioxidative effect of 
mixtures of vegetables, berries and fruits in cooked sausages and the devel-
opment of the oxidative status of sausages during storage of 40d.
Methods
21 different edible plant materials and mixtures of them were screened for 
antioxidant capacity. Antioxidant activity of the plant extracts (1:1 ethanol:wa-
ter mixture) was measured as a radical scavenging capacity with the ABTS 
[2,20-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] radical scavenging 
assay (Re et al., 1999), with modifications of Pihlanto et al. (2008). Based on 
the results, two mixtures of vegetables were prepared to achieve ingredients 
with high antioxidant capacity and good sensory properties.
The mixtures were white beetroot, plum mash, onion, rosehip and lovage 
(VegA) and apple mash, purple carrot and white onion (VegB). Dry matter 
(dm) content and pH of the mixtures were for VegA 25% and 3.33 and for 
VegB 20% and 3.81, respectively.
Three different sausage batches with ten sausages each were prepared; 
control (Cont) and two with the antioxidative plant ingredients (VegA and 
VegB). Raw pork pH was measured in order to ensure equal meat pH in each 
sausage batch, resulting in pork pH for Cont, VegA and VegB 5.87, 5.94 and 
5.75, respectively. Based on the dm contents of the plant ingredients the 
amount of added water in the formulation (Table 1) was adjusted to produce 
approximately equal moisture contents in the sausages.
The sausage batters were mixed with bowl chopper Seydelmann K 20 Ras 
(temperature of batter 15-18°C) and stuffed by Minerva VINS22 stuffer to 
approx. 500g weight and ø58mm. The sausages were smoked lightly and 
cooked to 70°C core temperature with oven Kerres CS 350 EL FLR.
The sausages were analyzed for cooking loss. Samples for dry matter, fat 
and protein content were stored overnight at 2°C and thereafter frozen un-

til analysed. On 2, 20 and 40d of storage the pH and lipid oxidation levels 
of the sausages were measured as thiobarbituric acid reactive substances 
(TBARS) utilizing a specific UPLC method from pooled sample of three sau-
sages in each treatment at each time point.
Results
Antioxidant activity between the materials varied greatly with Trolox equiva-
lent capacity (TEAC) values from 0.01 to 0.27 mg dm/ml. Savory, rosehip and 
lovage were categorized the most efficient antioxidants with TEAC values 
0.27, 0.16 and 0.12 mg dm/ml, respectively. The TEAC values for the VegA and 
VegB mixtures were 0.04 and 0.03 mg dm/ml, respectively.
The cooking loss of the sausages two days after cooking was on average for 
Cont 4.5%, VegA 4.6% and VegB 3.7%. They were at a general acceptable 
level.
The protein and fat contents of the sausages were similar in each treat-
ment (Fig. 2). The moisture content was highest in Cont and lowest in VegB 
sausages. The pH of the sausages was highest in the Cont and lowest in 
the VegA group (Fig. 2). The oxidative stability of all sausages was good 
throughout the storage of 40 d, although the VegA and VegB showed TBARS 
at slightly higher level.
Conclusion
The antioxidative capacity of the plant ingredients was low compared to the 
ones of individual vegetables. However, the materials for the plant ingredi-
ents were chosen to support the color and taste properties of the sausages.
According to Puolanne et al. (2001) meat pH affects the sausage water hold-
ing capacity. Sour vegetable mixtures VegA and VegB in the present study 
lowered the sausage pH, but did not increase the cooking loss, eventually 
due to the good water-holding of the formulation.
The lipid oxidation status of the sausages was stable during the 40d of stor-
age and the plant ingredients did not show any significant effect on the 
TBARS levels. The results indicate that the concentrations of nitrite, sodium 
citrate and ascorbic acid used in the sausages were sufficient to prevent 
lipid oxidation. However, the plant ingredients provide a source of fibers and 
phytochemicals lacking in the meat and thus, can be used to increase the 
nutritional quality of the sausages.
Literature 
Carlsen et al., 2010. Nutrition Journal 9, 3–13; Erdmann et al., 2017. LWT-Food 
Sci Technol 79, 496–502; Karre et al., 2013. Meat Sci 94, 220–227; Kumar 
et al., 2015. Compr Rev Food Sci Food Saf 14, 797–812; Pihlanto et al., 2008. 
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Meat and fat from a Finnish meat enterprise

 
Figure 1. Proximate composition and pH of the three treatment groups 

sausages.
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A validation study of raman spectrometric on-site method to measure solid fat content (#103)

Michiyo Motoyama1, Shigenobu Hayashi2, Keiko Jimura2, Ikuyo Nakajima1, Genya Watanabe1, Keisuke Sasaki1

1 Institute of Livestock and Grassland Science, National Agricultural and Food Research Organization (NARO), Tsukuba, Japan; 2 Research Institute for Material and Chemical Measurement, National 
Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan

Introduction
It is well known that crystalline states of fat affect decisively on physical 
properties such as mechanical strength and melting point of fat-based 
foods. In the meat industry, however, the importance of the crystalline states 
of fat within meat tissues has not been fully recognized. It is partly because 
of a lack of on-site technique which can tell us the crystalline states of fat.
In order to clarify the fat crystalline state in meat, a Raman spectrometric 
technique using a portable device had been developed.[1] At the ICoMST 
2014, we reported that a Raman technique successfully predicted (R2=0.99) 
the Solid Fat Content (SFC) of fat samples (n=18).[2] The objective of this 
study was to conduct further validation using a larger number of samples.
Methods
Samples
Fat samples (n=108) including pure lards, modified lards, beef tallows, but-
ters, shortenings, margarines, fat spreads, interesterified fats, hydrogenated 
fats, fractionated fats, and triacylglycerol reagents were prepared.
Solid Fat Content (SFC) measurement
SFC was measured by a conventional NMR method in accordance with an 
official method.[3] Measuring temperature was 20°C or the ambient tempera-
ture (26°C).
Raman spectroscopic measurement
Raman spectra (range 1850–500 cm−1) of the samples were obtained just 
before the SFC measurement. A portable Raman spectrometer with 785-nm 
laser excitation (ProRaman-L-785C, Enwave Optronics, USA) equipped with 
an optic-fiber probe was used. The optic-fiber probe was introduced to a 
metal block where samples were maintained at the same measuring tem-
peratures as the SFC measurement. Obtained spectra were baseline cor-
rected and normalized.
Statistical analysis
To evaluate the SFC predictability of Raman spectra, principal components 
regression (PCR) analysis was carried out using The Unscrambler software 
(version 9.6, CAMO software) assigning the spectral data as independent 
variables and the SFC data as dependent variables. Full cross validation was 
performed to create a reliable PCR model with a significance value of 0.05.
Results
As a result of PCR analysis, three main principal components were detected 
and explained 89% of the total variance of measured SFC (explained 51, 33 

and 6% by each components). The determination coefficient (R2) of the re-
gression model was 0.88 (Fig. 1).
Similar to the previous report [2], however, a significant deviation between 
measured and predicted SFC values (>30%) was present particularly for the 
samples whose SFC were close to 100% (indicated by an ellipse in Fig. 1).
Conclusion
Using more than one hundred fat samples, it was shown that SFC could be 
accurately predicted by their Raman spectra.
The observed deviation between the measured and predicted SFC values 
may be derived from the difference in measuring principles between the 
NMR and Raman methods: The NMR method detects gross amount of hy-
drogen nuclei in solid phase, while Raman spectra detects molecular struc-
ture of fats in solid phase where a few types of crystal polymorph exist. 
Detected three principal components may correspond to polymorphic types, 
and the significant deviation in predicted values of high-SFC samples may 
be brought by their polymorphic differences.
In the previous study [2], SFC can be predicted more accurately (R2 = 0.99) 
by the calculation formula (αc) with only two Raman spectral variables. In 
order to develop a more accurate Raman technique, we will find reliable vari-
ables which are not sensitive to crystal polymorphic types.
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Fig. 1. Result of PCR analysis 
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Spectroscopic approach to beef tenderness and aging time evaluation (#21)

Elena Fulladosa1, Israel Muñoz1, Maria Font-i-Furnols1, Jordi Cruz2, Pere Gou1

1 IRTA, Food Technology, Monells, Spain; 2 Escola Universitaria Salesiana de Sarria (EUSS), barcelona, Spain

Introduction
Consumers and industry are interested on technologies able to show in situ 
the meat tenderness or aging time of meat, and with which to verify that 
products that are labelled as ‘aged’ are genuine. Recently, low-cost NIR 
devices connected to smartphones specially designed for consumers are 
available in the market, showing promising result to predict several quali-
ty attributes. New X-ray multi energy sensors also showed the capacity to 
monitor meat aging during chilling-vacuum packaging of beef samples. The 
aim of this study was to evaluate the feasibility of a high performance and a 
portable low-cost NIR system and an X-ray multi energy sensor to predict 
aging time and Warner-Bratzler shear force (WBSF) in beef loin.
Methods
Samples: Twenty-four beef loins from Holstein young steers were vacuum 
packed and submitted to 5, 19, 40, 54, 67, 76, 84, 91, 98, 105, 112 or 119 days of 
tenderization at 4ºC. After each tenderization period, loins were further used 
for spectrometric and tenderness analysis.
Spectrometric acquisition systems: High performance NIR device: 
Spectra were recorded on a Fourier Transform NIR spectrometer model 
Matrix-F duplex (Bruker Optik GmbH, Germany). NIR reflectance spectra 
were collected over the 12,000–4000 cm−1 spectral region (830–2500 nm) 
using an on-contact probe. Low-cost NIR device:The SCiO handheld smart-
phone-based NIR spectrometer (Consumer Physics, Israel) was used. A re-
flection spectra in a range between 740 nm and 1070 nm were collected. 
X-ray multi energy device: An industrial X-ray prototype system with a multi 
energy detector (MXV-PACK 4010, Multiscan Technologies, Spain) was used 
to acquire a spectroscopic image (1000 x 256 pixels) of the sample with each 
pixel containing an X-ray energy spectra of 128 channels (recording energies 
from 20 to 160 keV).
Tenderness determination: Tenderness was determined using War-
ner–Bratzler shear force (WBSF) using a TAXT2i Texture Analyser.
Construction and cross-validation of predictive models: All 
spectra were pre-processed and multivariate calibration models constructed 
using PLS Toolbox, version 8.1.1 (Eigenvector Research, Inc., Wenatchee, WA, 
USA). Calibration models were developed by using Partial Least Squares 
(PLS) regression for aging time and share force in beef. Validations were 
made by a cross validation. Interval variable selection was applied to discard 
variables which may be adding complexity to a model and improve perfor-
mance of a final model.

Results
There is a significant correlation (r=0.58) between aging time and WBSF. 
Mean WBSF was 28.17±11.68 N with a minimum and a maximum of 12.37 N 
and 54.20 N achieved from 5 to 119 days of tenderization.
The results of calibration and cross-validation for prediction of aging time 
and WBSF using three studied spectrometric systems are summarized in 
Table 1. Low-cost NIR system presented a lower ability than high perfor-
mance NIR systems to predict both aging time and share force, showing 
RPD values of 1.7 and 1.4, respectively. Lower predictive abilities for WBSF 
could be in part explained by the fact that instrumental texture procedure 
can lead to a higher variability of the reference results. Figure 1a and b shows 
the relationship between the predicted and the measured days of tenderiza-
tion and WBSF for the cross-validation data set. It must be remarked that 
high performance and low cost NIR systems uses different spectral regions 
to develop the aging time and WBSF predictive models. The higher accuracy 
for high performance NIR device compared with the low cost NIR device 
for WBSF determination could be related with the fact that the wavelength 
range used by low cost NIR device is not the adequate for this type of de-
termination.
In the case of X-ray multi energy spectra, a similar predictive capacity for 
aging time to low-cost NIR device was obtained, showing a R2

cv of 0.72, a 
RMSECV of 18.7 days and a RPD value of 1.9, using only a mean center cor-
rection for the pre-processing of all the acquired spectra (Table 1). The most 
relevant spectral interval appears to be from 20 to 41 keV but the use of only 
this interval do not suppose an improvement of the predictive model. In the 
case of WBSF, predictive capacity was poor and similar to the other x-ray 
based technologies. However, it must be remarked that mean attenuation of 
X-ray multi energy spectrum decreases when increasing beef tenderness.
Conclusion
This study has demonstrated the ability of spectroscopic methods, espe-
cially high performance NIR, to provide a fast and effective method for aging 
and tenderness prediction. Spectrometric methods can predict beef aging 
time better than shear force. High performance NIR systems have a better 
predictive ability of aging time than low cost NIR and X-ray multi energy 
systems. The potential of studied spectroscopic devices in the prediction 
of aging time and tenderness in beef meat needs to be further investigated 
on a larger number of samples with different breeds and muscles included.
Acknowledgements
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Figure 1. 
Prediction plots for aging time and WBSF force using high perfor-
mance NIR device (a), low-cost NIR device (b) and X-ray multi energy 
device (c).
 

 
Table 1 Results of PLSR analysis for prediction of aging time and WBSF 
using the different technologies.
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The effect of raw materials and thermal processing on structure and stability of cooked sausages (#104)
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Introduction
Cooked sausages are prepared by finely comminuting meat, fat tissue, ice 
and ingredients into a meat batter. During batter preparation, the fat, which 
is macroscopically solid, is stabilized through the formation of an interfacial 
protein film, which should prevent fat coalescence during the subsequent 
pasteurization. During this heating step, the proteins form a three dimension-
al protein gel, physically entrapping water and fat. Upon cooling, the fat crys-
tallizes and the gel network is further stabilized. The goal of this study was to 
investigate the effect of raw materials (meat consisting of either white or red 
muscle fiber types, fat with a varying degree of saturation) and processing 
temperature on structural properties as well as water and fat stabilization in 
cooked sausages.
Methods
Fresh chicken breast (consisting mainly of white muscle fiber types) and 
leg (consisting mainly of red muscle fiber types) meat as well as pork back 
fat with either a low degree of saturation (37.5% of saturated fatty acids, 
denoted as the ‘U’ (unsaturated) fat) or a high degree of saturation (42.9% 
of saturated fatty acids, denoted as the ‘S’ (saturated) fat) were purchased. 
Batters containing 30% (w/w) of chicken meat, 35% (w/w) of pork back fat 
and 35% (w/w) of ice were prepared, 1.8% (w/w) of nitrite curing salt and 
regular spices were added. Meat batters were prepared, their emulsion sta-
bility (water and fat loss caused by forced destabilization of the meat batter, 
represented by the total expressible fluid or TEF) was measured (Hughes, 
Cofrades, & Troy (1996). Meat Science, 45, 273-281). Batters were filled into 
cans and pasteurized at either 60 or 70 °C. The heating time was adjusted 
to obtain a F70°C-value of 40 min. After one week of cold storage, pH was 
measured, cooking losses (CL) were determined and texture (hardness) was 
measured through a penetration test. Furthermore, the microstructure of the 
cooked sausages was visualized using cryo scanning electron microscopy 
(cryo-SEM). The effects of meat type (chicken breast vs. leg meat), animal 
fat type (U vs. S fat) and temperature (60 vs. 70 °C) on pH, TEF, water/fat 
part of TEF, CL and hardness were evaluated by three-way ANOVA. Tukey’s 
post hoc test was performed in the case of significant interactions (P<0.05).
Results
P-values for all main effects and interactions between fat type, meat type and 
temperature for values of pH, TEF, water/fat part of TEF, CL and hardness of 
sausages are indicated in Table 1. Results of these respective analyses are 

presented in Table 2. In Figure 1, cryo-SEM images of sausages are shown. 
Small differences in fatty acid composition between both pork back fats 
proved to have a substantial effect on the structural properties and stability 
of the cooked sausages, in contrast to meat type (and thus, muscle fiber 
type) or temperature which had a more moderate effect. Sausages prepared 
with the S fat showed a significantly lower emulsion stability (higher TEF) 
and the greater part of TEF was fat, while the opposite was observed for 
the U fat (Table 1 and 2). In correspondence with these findings, substantial 
fat coalescence was observed at the microstructural level for sausages pre-
pared with the S fat (Fig. 1). These observations may relate to the fact that the 
S fat had a higher solid fat content (results not shown), possibly resulting in 
a lower ability of meat proteins to properly coat the fat particles during meat 
batter preparation, in turn causing fat coalescence during pasteurization. CL 
was slightly lower for sausages prepared with the S fat, but the fat type 
clearly affected the hardness of cooked sausages, irrespective of the type 
of meat or temperature, with higher hardness values obtained for sausages 
prepared with the S fat.
Conclusion
The degree of saturation of fat used in the preparation of cooked sausages 
strongly affected  structure and stability of the product. A high degree of 
saturation resulted in a higher hardness, but reduced stability. These results 
are relevant for all cooked sausage manufacturers, as the fatty acid compo-
sition of different animal fat sources, even originating from the same anatom-
ical location, differs widely, which may substantially affect cooked sausage 
structure and stability.
Acknowledgements: This research was funded by a Ph.D. grant of the Agen-
cy for Innovation & Entrepreneurship in Flanders. Hercules foundation is 
acknowledged for its financial support in the acquisition of the scanning 
electron microscope JEOL JSM-7100F equipped with a cryo-preparation 
chamber Quorum PP3010T (grant number AUGE-09-029).
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Figure 1 Sausage microstructure. (A) U fat 60 °C; (B) U fat 70 °C; 
(C) S fat 60 °C; (D) S fat 70 °C. Magnification bar: 100 µm. 
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Table 2 Means and standard errors of pH, TEF, water/fat part of TEF, 
CL and hardness of sausages (n=3). With regard to TEF, the inter-
action term T x meat was significant, but is not shown as post-hoc 
analysis revealed no significant differences. Different letters reflect 
differences (P<0.05) for T x fat (underlined).

 
Table 1 P-values for all main effects and interactions between tem-
perature, fat and meat type for pH, TEF, water and fat part of TEF, 
CL and hardness of sausages. Significant (P<0.05) main effects and 
interactions are underlined.
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Combined effect of phosphate replacer and starches on quality and consumer acceptability of low fat pork 
bologna (#153)

Zeb Pietrasik, Olugbenga P. Soladoye, Michelle Sigvaldson, Nicole J. Gaudette
Alberta Agriculture and Forestry, Food Processing Development Centre, Leduc, Canada

Introduction
The demand for clean label meat products has been fueled by overarching 
consumer concerns regarding health and wellness as well as the impact of 
diet on overall wellbeing. While the concept of clean label may vary across 
consumers, it seems to encompass, among other things, recognizable in-
gredients, minimally processed and natural products that contain no added 
preservatives or additives (Asioli et al., 2017). However, given the functional 
properties of some meat processing ingredients, finding a replacement that 
meets consumers’ criteria of clean label without sacrificing functionality can 
be challenging.
Phosphates are one of such ingredients that have been widely used in vary-
ing meat products due to their unique ability to improve water holding ca-
pacity, enhance protein binding functionality and flavour stability (Long, Gál, 
& Buňka, 2011). Concerns regarding their adverse health effect has posi-
tioned this ingredient under increasing scrutiny (Ritz, Hahn, Ketteler, Kuhl-
mann, & Mann, 2012). The purpose of this study was to examine the effect of 
a phosphate replacer and starches, and the combination of both on overall 
quality and consumer acceptability of low-fat pork bologna.
Methods
Seven different bologna formulations were manufactured: Control (C; no 
binders), 0.3% sodium tripolyphosphate (STPP), 0.75% phosphate replac-
er; a yeast/citrus extract based ingredient (PHR; PROSUR®Wenda Ingredi-
ents, Naperville, IL, USA), 3% potato starch (POTS), 3% pea starch (PEAS) 
and combinations of 0.75% PHR with either 3% potato (PHR+POTS) or pea 
starch (PHR+PEAS). Pork trim and pork back fat were separately ground 
through a 3 mm plate. The required quantities of ground pork, ground pork 
fat, spices, ice/water, and binders were combined and mixed at high speed 
under vacuum (-0.8 bar) in a bowl cutter. The mixture was then stuffed into 
moisture proof casings (105 mm diameter) and the bologna sausages were 
thermally processed in a smokehouse to an internal temperature of 71oC.
Evaluation of pH, cook yield, expressible moisture (EM), purge loss, colour as 
well as textural profile analysis were carried out according to previously re-
ported procedure (Pietrasik, Gaudette, & Johnston, 2017). Consumer (N=121) 
acceptance of bologna appearance, flavour, texture, juiciness, firmness, 
aftertaste and overall acceptability was evaluated using 9-point hedonic 
scales. Data were subject to analysis of variance using the General Linear 
Model procedure of SAS. Tukey test was used for means separation where 

treatment effect was significant (p<0.05).
Results
The cooking yield was lowest in the bolognas without any binders and there 
were no significant differences (p>0.05) in cook yield amongst other formu-
lations suggesting that phosphate replacer and both starches added alone 
or in combination resulted in a cook yield equivalent to the STPP treatment. 
PHR inclusion resulted in significantly (p<0.01) higher pH in bologna com-
pared to all other treatments which could potentially impact bologna’s water 
holding capacity. Surprisingly, EM for PHR formulations were not different 
from control and PEAS samples, and were higher than other formulations. 
While the addition of POTS improved the EM of bologna, PEAS did not have 
the same impact. On the other hand, PEAS and PHR reduced the purge loss 
in bologna up to the level of STTP. POTS resulted in significantly less purge 
than STPP.  Moreover, the combination of PHR +POTS provided the great-
est purge control and resulted in 50% reduction of purge loss compared to 
control treatment.
PHR bologna was the least hard and chewy, while addition of 3% pea starch 
or potato starch produced the firmest texture. Similar to previous studies 
(Shand, 2000), inclusion of potato starch contributed to the highest cohe-
siveness, springiness and chewiness among all cooked bologna sausage 
treatments. Combining PHR with either starches resulted in a significant de-
crease in firmness and chewiness of bolognas to the level equivalent with 
STPP treatment. The incorporation of STPP, PHR or POTS did not have any 
significant impact on the colour characteristics of final products. However, 
the presence of pea starch produced an increase in yellowness and a de-
crease in redness compared to all other treatments.
Overall, there were no statistical differences (p>0.05) in the mean liking 
scores for overall acceptability and the acceptability of flavour when compar-
ing POT, PHR+POTS and control to the industry standard STPP treatment. 
PHR and PEAS treatments on their own and in combination (PHR+PEAS) 
were generally liked less (p<0.05) than the STPP treatment for all attributes. 
While the formulations containing PHR had the lowest liking score for tex-
ture, juiciness and firmness, the addition of POTS to these formulations en-
hanced the liking scores for these attributes to the level comparable to the 
industry standard STPP.
Conclusion
In the presentation of bologna, when used as a binder, POTS on its own or in 
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combination with PHR, provided similar overall eating experience as well as 
processing quality when compared to industry standard STPP binder. PHR 
and PEAS on their own or in combination resulted in products with lower 
consumer acceptability.
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Sensing the cold chain breakdown in frozen meat supply chain (#201)

Gurunathan Kandeepan1, Arabati Shivaji2, Bindu Gouthami1

1 Indian Council of Agricultural Research, National Research Centre on Meat, Hyderabad, India; 2 PVNRT Veterinary University, Livestock Products Technology, Hyderabad, India

Introduction
Global meat consumption is increasing because of change in lifestyle, in-
crease in per capita income and increasing health awareness. The consum-
er is more concerned about the quality of the product along with its price. 
Because of increasing consumption pattern, meat is transported over long 
distances in order to fulfil the market demand. Chicken meat is available in 
the form of fresh, frozen as well as ready to cook product in supermarkets. 
Consumer generally procures the product on the basis of on package-best 
before/expiry date. As chicken meat is high in its nutritional content and is 
perishable, it is likely to lose its quality due to fluctuation in storage tem-
perature as well as improper handling. As far as perishable commodities 
like meat and meat based foods are concerned, the most demanding fac-
tor is the control of temperature throughout supply chain. Any fluctuation 
in temperature at any point during transport and subsequent storage will 
lead to decreased acceptance of the product or complete rejection due to 
the deteriorative changes that develops as a result of temperature abuse. 
Due to fluctuation in temperature, there is not only chances of rejection but 
sometimes leads to food safety hazards. An efficient system that can monitor 
any change in predetermined temperature throughout the supply chain or 
a system that can detect exposure of meat above a particular temperature 
is not available currently in developing countries. So the present study was 
proposed to develop a Time-Temperature Indicator (TTI) to monitor the tem-
perature abuse of frozen chicken meat and to relate its quality and safety 
changes with the response of the TTI.
Methods
Various levels of substrate (guaiacol) and enzyme (laccase) concentrations 
were standardized before the preparation of ready to use TTI. The TTI was 
dependent on the amount of substrate, enzyme activity and exposure to dif-
ferent temperature abuse conditions.  Temperature abuse conditions were 
simulated in the freezer. Freezer was subjected to power failure for a con-
siderable time period so that internal temperature of frozen chicken meat 
(-18±1°C) reaches 0±1°C, 5±1°C and 10±1°C. One control sample was kept at 
-18±1°C. Once the frozen meat reached the thawing temperatures the sam-
ples were drawn immediately for analysis of various quality parameters. The 
meat samples were also refrozen to -18±1°C after exposing to various tem-
perature abuse conditions.
Results
The ready to use TTI showed a gradual colour change from its initial colour-

less to a final dark brown colour when subjected to different temperature 
abuse conditions. The TTI colour response at different temperature abuse 
conditions were compared with a control TTI kept at -18±1°C. The frozen 
chicken meat sample thawed up to an internal temperature of 0±10C, at-
tached with TTI showed a initial colourless to light brown colour. As the 
thawed meat was refrozen, the colour of the TTI in thawed refrozen meat 
sample remained light brown colour that indicates that the colour response 
of TTI was irreversible. At 5±10C, the colour of the TTI changed to brown co-
lour and remained brown during subsequent refreezing. At 10±10C, the colour 
of TTI turned to dark brown colour and remained dark brown at subsequent 
refreezing. In the control group, the frozen chicken meat sample was stored 
at -18±10C, wherein no colour change was observed. The activation energy 
of developed enzymatic TTI was 47.16 kJ/mol. Temperature abused frozen 
chicken meat samples showed a significantly (P<0.05) higher pH, drip loss 
and TVBN content than control sample. But the ERV value showed a sig-
nificantly (P<0.05) lower value in temperature abused frozen chicken meat 
samples compared to control.  Temperature abused frozen chicken meat 
samples showed a significantly (P<0.05) lower lovibond tintometer lightness 
(L), redness (a) and colour difference (ΔE) units, compared to control. But 
the yellowness (b) showed a significantly (P<0.05) higher value in tempera-
ture abused frozen chicken meat samples than control sample.  The total 
plate count of temperature abused frozen chicken meat samples showed 
a significantly (P<0.05) higher value than control sample. But the psychro-
philic and yeast and mold count of the frozen chicken meat samples did not 
differ significantly (P◘0.05) when exposed to temperature abuse conditions.
Temperature abused frozen chicken meat samples showed a significantly 
(P<0.05) lower appearance score, colour score and odour score compared 
to control sample. There was no sliminess observed in any groups.
Conclusion
The colourless TTI indicated that there was no temperature abuse to frozen 
meat, colourless to light brown indicated that the meat was thawed mildly, 
light brown to brown indicated a moderate thawing, while a final dark brown 
indicated that the frozen chicken meat was extremely thawed.
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Chicken meat & TTI at 0±1 degree C 
 

 
Chicken meat & TTI at 10±1 degree C 

 
Chicken meat & TTI at 5±1 degree C 
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Determination of marker compounds of lipid oxidation in foal meat by spectral mid infrared measurements (#203)

María Victoria Sarriés1, Kizkitza Insausti1, María José Beriain1, Fernando Zulategui1, Miguel Beruete2, José Manuel Lorenzo3

1 Universidad Pública de Navarra, ISFOOD Research Institute, Pamplona, Spain; 2 Universidad Pública de Navarra, Institute of Smart Cities - ISC, Pamplona, Spain; 3 Centro Tecnologico de la Carne de 
Galicia, Ourense, Spain

Introduction
Foal meat has particular characteristics that make it a very attractive product 
for the consumers, since it has excellent nutritional properties and because 
it has a sustainable production system. Applicability of various traditional 
methods and techniques to measure foal meat quality has been reviewed in 
literature. The objective of this study was to use the ATR-FT/MIR spectros-
copy as a new technique to determine lipid oxidation marker compounds in 
foal meat.
Methods
For this study, seven foals from Galician Mountain and Burguete crossbreed-
ing foals were used. Animals were kept with their mothers on pasture from 
birth to weaning at the age of 6-7 months. Then, foals were fed on a rotational 
grazing system that lasted 3 months (± 15 days). Finally, foals were supple-
mented for 104 days (± 10 days) with a finishing diet based on a linseed-rich 
concentrate (at 5%). Foals were slaughtered at 13 months of age and 24 
hours postmortem meat samples from the Longissimus dorsi (LD) muscle 
were extracted from the left half of carcass. Samples were stored under vac-
uum packaging conditions and preserved 0, 4, 8 and 12 days. Lipid oxidation 
was calculated quantifying the thiobarbituric acid reactive substances in-
dex (TBARs) at the last stage of oxidation process (malonaldehyde content 
(MDA) (mg MDA/kg of meat)). The quantification of TBARs was performed 
for each of the samples and the resulting compounds were frozen-stored at 
-18ºC inside Eppendorf tubes® 3810X. MIR spectra were collected using a 
Fourier transform mid-infrared spectrometer (Vertex 80v, Bruker) between 
4000-400 cm-1. A total of 6 replicates were performed per sample. For each 
sample, 32 scans in the 4000–400 cm-1 spectral range were recorded with 
a resolution of 4 cm-1. All measurements were performed with an Attenu-
ated Total Reflectance accessory A225/QPlatinum-ATR (Bruker, Ettlingen, 
Germany) with a diamond crystal. The models were built by a Partial Least 
Square (PLS) regression and a specific program of chemometrics were em-
ployed, OPUS Quant v.7 (Bruker, Ettlingen, Germany). After the extraction 
of these marker compounds, a study of their absorbance spectra was car-
ried out to establish prediction models (calibration and validation) between 
them and the conventional quantification of compounds in order to decide 
whether it would be helpful to estimate the values of this type of marker com-
pounds directly using MIR measurements on raw meat samples, or whether 
it would be better to carry out a previous extraction of these compounds be-

fore proceeding with their MIR analysis. The descriptive statistical analysis 
was performed using IBM SPSS Statistics 25 software.
Results
The main productive variables of the foals as average daily gain during 
the finishing period and the dressing percentage (mean + standard desv.) 
achieved 733g/day + 0.19 and 53.1% + 3.05, respectively. The physic-chem-
ical analyses of the foal meat samples (mean + standard desv.) were: 74.1% 
+ 0.81 for moisture, 22.75% + 1.12 for protein, 0.66% + 0.34 for fat, and 1.32% 
+ 0.09 for ash. With regard to lipid oxidation (mg MDA/kg of meat), figure 1 
shows the lipid oxidation evolution in foal meat over different days of storage 
(0, 4, 8 and 12 days). From these results, there is not a clear behavioral pattern 
followed by the samples. Foal 3 and foal 7 followed a clear and rising lipid ox-
idation pattern related to sample aging. This means that, as the sample aging 
increased (0-12 days), the total MDA content increased.In terms of the spec-
tral characteristics of lipid oxidation marker compounds, figure 2 contains 
the typical spectrum obtained by FT-MIR analysis of a TBARs sample. The 
most remarkable one is the band located between 3700 cm-1 and 3100 cm-1. 
This area corresponds to the wide band of high absorption associated with 
the hydroxyl groups O-H of water. Apart from this, the band with the highest 
absorption appears in the region between 1680 and 1590 cm-1, with the high-
est peak at 1636 cm-1. This area corresponds to the stretching vibrations of 
C=H groups (Alkenes). However, it is also known that the peak at 1640 cm-1 
corresponds to the hydrogen covalent bonds bending of water. Thus, the 
results are not sufficiently clear to identify the type of bond that causes that 
absorbance. To determine the marker compounds by MIR spectroscopy, the 
results of these spectra were compared with those of raw foal meat, using 
chemometric analyses. Table 1 shows the results of the predictive models 
of calibration and validation of the TBARs marker compounds. From these 
data, it is highlighted that the results of the marker compounds showed more 
consistent predictive models than the ones found in the quantitative analysis 
of the spectra obtained from raw meat. In this regard, the predictive model 
of lipid oxidation compounds obtained in this study presented an initial R2cv 
of 63.18% in the samples TBARs Entire Set as compared to R2cv of 2.43% 
found in raw meat.
Conclusion
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To conclude, it has been shown that the prior extraction of marker com-
pounds significantly helps to achieve more consistent results for the evalua-
tion of lipid oxidation in foal meat products.

 
Figure 2. Spectral characteristics of lipid oxidation marker compounds 
in foal meat.

 
Figure 1. Evolution of lipid oxidation (mg MDA/kg meat) over 0, 4, 8 
and 12 days.

Table 1. Results of the predictive models (calibration and validation) 
of the TBARs Marker Compounds 
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Effect of high pressure processing on the water holding capacity of sodium-reduced chicken breast myofibrillar 
protein gel containing CaCl2 (#207)

Yu Wang, Ying Zhou, Pei-jun Li, Xi-xi Wang, Bao-cai Xu, Cong-gui Chen
Hefei University of Technology, School of Food and Biological Engineering, Hefei, China

Introduction
The development of sodium-reduced meat products is receiving consider-
able attention in meat industry. Gelation of myofibrillar protein (MP) is im-
portant for producing meat products with desirable water holding capacity 
(WHC). Calcium chloride (CaCl2) has been used to substitute sodium chlo-
ride (NaCl) in the products. High pressure processing (HPP) could compen-
sate for salt reduction in the products. However, the effect of HPP on WHC 
of MP gel with CaCl2 needs to be elucidated to better use the combination 
(HPP and CaCl2) for developing sodium-reduced meat products. The objec-
tive of this study was to investigate the effect of HPP (100-300 MPa) on the 
WHC of chicken breast MP with CaCl2 (20 mM).
Methods
MP was extracted from chicken breast meat, and the MP pellet was adjust-
ed to a protein concentration of 50 mg/mL with 50 mM piperazine-N,N’-bis 
(2-ethanesulfonic acid) (PIPES) buffer (pH 6.25) containing 0.3 M NaCl and 
20 mM CaCl2 to generate MP-C suspensions. These suspensions were sub-
jected to HPP and pressure levels were set at 100, 150, 200, 250, and 300 
MPa. The suspensions were heated in a water bath (80°C) for 30 min to form 
gels.
The WHC was calculated as the percentage of the MP-C gel weight retained 
after centrifugation (10,000 ×g for 10 min at 4°C) relative to its original weight. 
The solubility was expressed as percent of protein concentration in the su-
pernatant after centrifugation (10,000 ×g for 30 min at 4°C) with respect to 
that of MP-C suspensions before centrifugation. The soluble protein profiles 
of the supernatant after centrifugation were determined by SDS-PAGE using 
a precast 4–15% gel.
Comparison of multiple samples was conducted by ANOVA using SPSS 19 
software (IBM). Values of P< 0.05 were considered to be statistically signif-
icant.
Results
WHC
As shown in Fig. 1, the WHC of MP-C gels increased with elevated pres-
sure from 0.1 to 200 MPa, whereas a significant (P< 0.05) decrease was ob-
served when pressure levels were further increased. These results indicated 
that moderate HPP (≤200 MPa) could improve the WHC, but stronger HPP 
(>200 MPa) had a negative effect on the WHC.
 

Solubility
As presented in Fig. 2, the solubility of MP-C solutions increased with 
increasing pressure from 0.1 to 200 MPa, however, further increasing the 
pressure significantly (P< 0.05) decreased solubility. These were highly in 
accordance with the result of WHC (Fig. 1).
 
Soluble protein pattern
As shown in Fig.3, the major muscle protein profiles containing myosin 
heavy chain (MHC, 200 kDa) and actin (45 kDa) were presented in non-pres-
surized MP-C group. The intensities of MHC and actin became denser as 
pressure increased from 0.1 MPa to 200 MPa, followed by a decrease in 
intensities of both two bands when pressure levels were above 200 MPa. It 
was believed that the enhanced solubilized fractions of MHC and actin un-
der 200 MPa were conducive to form a gel with improved WHC.
Conclusion
Moderate HPP (approximately 200 MPa) increased the WHC of MP-C gels 
by promoting the solubilization of MHC and actin in MP. However, stronger 
HPP (>200 MPa) decreased the solubility of both proteins, thus significantly 
reducing the WHC values of MP-C gels. It is of interest to select low concen-
trations of CaCl2 and moderate pressure to improve the functional properties 
of sodium-reduced meat products
. 
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Fig. 3.  Effect of HPP on soluble protein profiles of MP-C. MW: Molecular 
weight of markers; 1−6: Represents HPP of 0.1, 100, 150, 200, 250 
and 300 MPa, respectivly; MHC: myosin heavy chain; MLC: myosin light 
chain.

 
Fig. 2. Effect of HPP on the solubility of MP-C. Values with different 
letters are significantly different (P<0.05).

  
Fig. 1.  Effect of HPP on the WHC of MP-C gels. Values with different 

letters are significantly different (P<0.05).
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Enzymatic effects on peptide aggregation following plastein reaction of porcine hemoglobin and meat by 
LC-MS/MS (#208)

Qian Li, René Lametsch
Department of Food Science, University of Copenhagen, Frederiksberg C, Denmark

Introduction
Protein hydrolysates can aggregate into less soluble and higher molecular 
substances which is called plastein when additional protease are added at 
high substrate concentration. Plastein reaction was reported to enhance the 
nutritional value of proteins, reduce the bitterness and improve the bioac-
tivities of protein hydrolysates. Hydrolysates from different protein sources 
such as milk, wheat, soybean, etc. have been used as materials for plastein 
reaction. However, plastein reaction of meat proteins or meat by-products 
is less investigated, and the related mechanism of plastein reaction has 
not been thoroughly elucidated. Three potential mechanisms have been 
proposed (peptide condensation, transpeptidation and physical forces). In-
depth knowledge of the mechanisms behind plastein reaction is necessary 
in the development of plastein production and its further application in food 
processing industry.
Methods
The present work aimed to compare the effects of microbial and plant-de-
rived proteases (Alcalase and papain) on plastein reaction (0, 3, 6 and 24 h) 
of protein hydrolysates of porcine meat and hemoglobin under the optimal 
conditions. Four groups of plastein samples with alacalase-treated hemo-
globin, papain-treated hemoglobin, alcalase-treated meat and papain-treat-
ed meat were abbreviated as AH, PH, AM and PM. Correspondingly, their 
controls with inactivated proteases were named AHC, PHC, AMC and PMC, 
respectively. The yield of hydrolysates, free amino groups, particle size dis-
tribution, turbidity, chemical interactions of non-covalent bonds and disulfide 
bonds, and peptide characterization of plastein and the control group were 
compared to illustrate the mechanisms of plastein reaction in porcine meat 
and hemoglobin.
Results
The yields of protein hydrolysates of porcine hemoglobin catalyzed by al-

calase and papain were significantly higher (P < 0.05) than the yields of 
protein hydrolysates derived from meat, and alcalase produced higher yields 
of protein hydrolysates of both hemoglobin and meat. As reaction time pro-
longed, a single peak in alcalase-treated samples towards an increasing 
particle size proved the formation of plastein, and meanwhile, no obvious 
difference in distribution patterns were observed in control group. Similarly, 
a rise in turbidity in all groups indicated the increase of insoluble substances 
that formed from plastein reaction. Decrease in free amino groups usually 
represents peptide condensation but was not obvious in our study, suggest-
ing that the condensation was not the key factor in the present work. The 
percentage of hydrophobic interaction of all plastein samples of hemoglobin 
and meat was above 60%, reflecting its significant role in enzyme-induced 
peptide aggregation. In LC-MS/MS analysis, precursor proteins including 
porcine hemoglobin subunit alpha (P01965) and subunit beta (P02067), as 
well as skeletal muscle alpha-actin (P68137) and myosin-1 (Q9TV61) were 
chosen for study. A few peptides prepared from hemoglobin at some regions 
of amino acid sequences were more likely to aggregate, and highly partici-
pated in plastein reaction treated by both enzymes.
Conclusion
In conclusion, porcine hemoglobin was a better substrate than meat for 
plastein reaction when considering higher rate of aggregation formation. 
Covalent bonds including peptide bonds and disulfide bonds were not key 
factors in aggregation of hydrolysates, whereas non-covalent interactions 
especially hydrophobic interaction were considered as the major mecha-
nism in plastein reaction. The visualization of peptide profiles illustrated the 
amino acid position of aggregative peptides located in precursor proteins, 
and the outlined peptides will be synthetized and validated for aggregation 
in further study.
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Verification of the production system of beef carcases by using spectroscopic technologies on the subcutaneous 
fat (#218)

Bridgette G. Logan1, 2, 3, Stephen Morris4, David L. Hopkins1, 2, Leigh M. Schmidtke3, 5, Stephanie M. Fowler1, 2

1 Graham Centre for Agricultural Innovation (NSW Department of Primary Industries and Charles Sturt University), Wagga Wagga, Australia; 2 NSW Department of Primary Industries, Centre for Red Meat 
and Sheep Development, Cowra, Australia; 3 Charles Sturt University, School of Agricultural and Wine Sciences, Wagga Wagga, Australia; 4 NSW Department of Primary Industries, Wollongbar Primary 
Industries Institute, Wollongbar, Australia; 5 Charles Sturt University, National Wine and Grape Industry Centre, Wagga Wagga, Australia

Introduction
Verifying the production system of beef in Australia is dependent on audits 
and reliant on producers following requirements set by processors, which 
vary for individual grain and grass-fed brands. Maintaining transparency 
through the supply chain for grass fed beef is a significant cost in the form 
of auditing, and an even greater potential cost if there is a failure in the au-
diting process as no objective verification of production system is in place. 
Consequently, there is opportunity to develop a carcase measure that can 
be used to verify beef production systems. This research tested the viability 
of Raman Spectroscopy (RS) to accurately differentiate between production 
systems. RS was chosen as the differences in the subcutaneous fat are be-
lieved to come from changes in the fatty acid and ∝- carotene concentrations 
and these chemical compounds are made up predominately by C-H, C-C 
and C=C bonds which RS is suited for detecting [1].
Methods
From two abattoirs a total of 300 beef carcases were sampled (150 grass-fed 
and 150 grain-fed). All diets were verified through the current supply chain 
methods and directly with the producers of the sampled carcases. At 24 h 
post mortem Raman spectra were collected using a Mira hand-held device 
(Metrohm) in 3 positions on the point end brisket using an integration time of 
3 s. Post scan the subcutaneous fat that was scanned was excised for fatty 
acids analysis using the Lepage and Roy [2] method.
The 3 spectra per carcase were averaged and the wavelengths reduced 
to 600–1800cm-1, scaled continuum correction was then applied to correct 
for non-Raman background contributions.   Principal components analysis 
(PCA) was undertaken and peaks of interest were identified numerically by 
taking second differences. Statistical analysis  of the fatty acid composition 
was completed using linear mixed effects models, deriving predicted means 
and standard errors and calculating least significant differences between 
means (P = 0.05) from the carcases of each feed type.  To account for any 
batch effects, day of measurement was included as a random effect, with 
cattle feed type as a fixed effect. All statistical analyses were completed in R 
Core Software using the ‘emmeans’ package and prospectr package.
Results
The carcases from grain-fed cattle show a higher intensity at the wave-

lengths 1069 cm-1, 1127 cm-1, 1301 cm-1 and 1445 cm-1 (Fig 1). Notably, grain-fed 
cattle did not have a higher intensity at 1658 cm-1, as this peak was highest 
in the carcases from grass-fed cattle.  
Saturated fatty acids (SFA) were significantly (P < 0.05) higher in grain-fed 
cattle (11.1 g/100 g ± 0.43 s.e.) than grass-fed cattle (8.3 g/100 g ± 0.43 s.e.; 
Table 1).  
Clustering evident in the PCA plot (Fig 2) indicates variation in the spectra 
is associated with production system (grass versus grain), with the first two 
principal components accounting for 93 % of data variation.
Conclusion
Given that SFAs have no double bonds C-C and C-H bonds are the dom-
inant features of spectra from SFAs, and they have been characterised at 
wavelengths of approximately 1068 cm-1, 1120 cm-1, 1301 cm-1 and 1445 cm-1 
[3] in pork subcutaneous fat. The peak at 1658 cm-1 in grass fed cattle is more 
difficult to classify and requires further investigation of the bonds reflected 
in this peak. Grass-fed samples showed a more intense peak at 1658 cm-1, 
which has previously been associated with an increase in the number of un-
saturated fatty acids. Grass fed cattle had a lower omega-6 to omega-3 ratio, 
but did not differ from grain-fed cattle in terms of total polyunsaturated fatty 
acids. Our results indicate that fat from grass and grain-fed cattle did not 
significantly differ in mono- or polyunsaturated fatty acids concentrations.
The PCA shows the ability of RS to split the feeding groups based solely on 
the spectra obtained, and further analysis incorporating the fatty acid data 
may result in a clearer split of samples. Testing of this model with a more 
robust data set including different levels of grain and grass feeding will as-
sist in the development and implementation of this system as an objective 
measurement to be used to verify production system.
Grass-fed and grain-fed cattle are able to be successfully differentiated 
through the use of Raman spectroscopy. Further investigation into the cause 
of the bond at 1658 cm-1 will be beneficial in understanding what in the grass 
fed samples is causing the difference in the RS spectra. Further research 
could lead to the adoption of RS as an online method of verifying beef from 
different production systems.
1 Yang, D. & Y. Ying (2011). Applications of Raman Spectroscopy in Agricul-
tural Products and Food Analysis: A Review. Applied Spectroscopy Reviews, 
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2 Lepage, G. & C. C. Roy (1986). Direct transesterification of all classes of 
lipids in a one-step reaction. Journal of lipid research, 27(1): 114.
3 Olsen, E. F., C. Baustad, B. Egelandsdal, E.-O. Rukke & T. Isaksson (2010). 
Long-term stability of a Raman instrument determining iodine value in pork 
adipose tissue. Meat Science, 85(1): 1-6.
 

 

Figure 2. Scatter plot PCA on Raman spectra from 150 grain and 150 
grass-fed beef carcases
Scatter plot of the first two principal components (PC1 and PC2) of 
the principal component analysis (PCA) completed on Raman spectra 
collected from the subcutaneous fat from 150 grain and 150 grass-fed 

beef cattle carcases.
 

Figure 1. Fatty acid composition of subcutaneous fat from 150 grass-
fed and 150 grain-fed carcases Least square means (LSM) and standard 
errors (s.e.) of the main groups of fatty acid composition from the 
subcutaneous fat on carcases of 150 grass-fed and 150 grain-fed beef 
cattle
   

Figure 1. Raman spectra collected from subcutaneous fat of 150 grass-
fed (red) and 150 grain (blue) Mean Raman spectra collected from the 
subcutaneous fat of 150 grass-fed (red) and 150 grain-fed (blue) beef 
cattle carcases where the dashed lines show the 5 – 95% quantiles.
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Assessment of a probe to measure fat depth of lambs (#255)

Stephanie M. Fowler1, Stephen Morris2, David L. Hopkins1, The authors would like to thank Bridgette Logan and David Cuppitt for their assistance 
collecting data as well as the Sheep CRC and AMPC for funding the research.
1 Centre for Red Meat and Sheep Development, NSW Department of Primary Industries, Cowra, Australia; 2 Wollongbar Primary Industries Institute, NSW Department of Primary Industries, Wollongbar, 
Australia

Introduction
The total tissue depth over the 12th rib 110 mm from the midline (GR tissue 
depth) has long been used as an indicator of lamb carcase yield in Austra-
lia, currently there is no method for objective measurement. Previously the 
AUS-MEAT sheep probe has been used [1], yet this is no longer available.  
Palpated fat depth is the most common method used by Australian lamb 
processors to estimate GR tissue depth as it is not feasible to use a GR knife 
at chain speed. Therefore, the aim of this study was to evaluate the potential 
for a probe developed in Iceland (the Icemeat probe) to measure the GR tis-
sue depth of Australian lambs in commercial processing plants.
Methods
Lambs (n= 1087) were measured at 2 abattoirs over 4 months. Lamb car-
cases were first measured at the GR tissue depth location with a GR knife 
prior to being measured with the Icemeat probe (Fig 1). The relationship be-
tween the measurements taken using the GR probe and the GR knife was 
estimated by a linear model. Sample date was included as a random effect 
to account for the batch effect of carcases measured on each day. Measure-
ments of 25mm on the GR knife were excluded as this is the upper limit of 
detection. The model fitting was conducted in R using the lme4 package [2].   
Results
The carcases measured had a range of GR tissue depths of 1 – 24 mm and a 
mean of 14 mm (s.d. 5.36 mm). The model to predict GR knife measurements 
using the probe yielded the equation:
Predicted(GR Knife) = 0.63 (s.e = 0.40) + 0.92 (s.e. = 0.02) probe 
  Establishing a correlation between readings from the two instru-
ments does not necessarily indicate that one can reliably sub-
stitute for the other [if supportFields]><spanlang=EN-US 
style=’font-size:11.0pt;font-family:”Arial”,”sans-serif ”;mso-fareast-font-fam-
ily:Batang;mso-ansi-language:EN-US;mso-fareast-language:KO;m-
so-bidi-language:AR-SA’><spanstyle=’mso-element:field-begin’></
span><spanstyle=’mso-spacerun:yes’>  </span>ADDIN EN.CITE 
&lt;EndNote&gt;&lt;Cite&gt;&lt;Author&gt;Bland&lt;/Author&gt;&lt;-
Year&gt;1986&lt;/Year&gt;&lt;RecNum&gt;3887&lt;/RecNum&gt;&lt;Display-
Text&gt;[4]&lt;/DisplayText&gt;&lt;record&gt;&lt;rec-number&gt;3887&lt;/
rec-number&gt;&lt;foreign-keys&gt;&lt;keyapp=”EN” db-id=”arz002r-
rlffz9jer9wavset2t9z0fxxazpra”timestamp=”1549857587”&gt;3887&lt;/

key&gt ;& l t ; / fo re ign-keys&gt ;& l t ; re f - t ypename=”Journa lAr t i -
cle”&gt;17&lt;/ref-type&gt;&lt;contributors&gt;&lt;authors&gt;&lt;-
author&gt;Bland,J.M.&lt;/author&gt;&lt;author&gt;Altman, D.G&lt;/
author&gt;&lt;/authors&gt;&lt;/contributors&gt;&lt;titles&gt;&lt;ti-
tle&gt;STATISTICALMETHODS FOR ASSESSING AGREEMENT BE-
TWEEN TWO METHODS OF CLINICAL MEASUREMENT&lt;/ti-
tle&gt;&lt;secondary-title&gt;TheLancet&lt;/secondary-title&gt;&lt;/
titles&gt;&lt;periodical&gt;&lt;full-title&gt;TheLancet&lt;/full-title&gt;&lt;/
periodical&gt;&lt;pages&gt;307-310&lt;/pages&gt;&lt;volume&gt;327&lt;/
volume&gt;&lt ;number&gt;8476&lt ;/number&gt;&lt ;dates&gt;&lt ;-
year&gt;1986&lt;/year&gt;&lt;pub-dates&gt;&lt;date&gt;1986/02/08/&lt;/
date&gt;&lt;/pub-dates&gt;&lt;/dates&gt;&lt;isbn&gt;0140-6736&lt;/
isbn&gt;&lt;urls&gt;&lt;related-urls&gt;&lt;url&gt;&lt;styleface=”under-
line” font=”default”size=”100%”&gt;http://www.sciencedirect.com/sci-
ence/article/pii/S0140673686908378&lt;/style&gt;&lt;/url&gt;&lt;/
related-urls&gt;&lt ;/urls&gt;&lt ;electronic-resource-num&gt;&lt ;-
styleface=”underline” font=”default”size=”100%”&gt;https://doi.
org/10.1016/S0140-6736(86)90837-8&lt;/style&gt;&lt;/electronic-re-
source-num&gt;&lt;/record&gt;&lt;/Cite&gt;&lt;/EndNote&gt;<span-
style=’mso-element:field-separator ’></span></span><![endif ][3]
[if supportFields]><spanlang=EN-US style=’font-size:11.0pt;font-fam-
i ly : ”Ar ia l ”,”sans-ser i f ” ;mso-fareast-font-fami ly :Batang;mso-an-
s i - l anguage :E N-US ;mso - fa reast - l anguage :KO;mso -b id i - l an-
guage:AR-SA’><spanstyle=’mso-element : f ield-end’></span></
span><![endif ]. As highlighted by Figure 2, consideration of the differences 
between the measurements over increasing fat depth demonstrated some 
areas of concern. For lean carcasses there was an over estimation of GR 
knife by the probe. As the GR knife fat depth measurements increased there 
was also an increase in the variability of measurement using the probe.
The lack of precision at higher GR tissue depths is a challenge for the adop-
tion of the probe in its current form as a carcase with a 20 – 24+ mm GR 
tissue depth (fat score 4 and 5) may be under represented, resulting in a 
measurement which corresponds to a lower fat score. In a commercial pro-
cessing plant, this error would result in the carcase being given a premi-
um grade rather than being penalised for having high fat, yet the processor 
would need to pay labour to have the fat removed. Thus, further development 
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is required prior to the adoption of the probe.
Increased variability of measurement by the probe at high GR tissue depth 
may be the result of the mechanism pushing the fat of the carcase in during 
the measurement for fatter carcases. Further hide puller damage and un-
even fat depths caused a discrepancy between measurements on smaller 
carcases as the slider on the knife which measures the depths is consider-
ably smaller than the plate on the front of the probe. Consequently, further 
development is suggested to reduce the required force which is exerted on 
the subcutaneous fat of the carcase by the plate on the front of the probe 
and/or a reduction in the size of the plate on the front of the probe to match 
the size of the knife.
Conclusion
Overall, the practical use of the probe was favourable for industry applica-
tion, however the probe in its current design does not meet the requirements 
for industry application due to the errors associated with the measurement 
of leaner and fatter carcases. Therefore, further development of the probe is 
required to reduce the errors associated.
References
1. Hopkins, D.L., Anderson, M.A., Morgan, J.E., and Hall, D.G. (1995). A probe 
to measure GR in lamb carcasses at chain speed. Meat Science, 39: 159-165.
2. Bates, D., Maechler, M., and Bolker, B. (2011). lme4: Linear mixed-effects 
models using S4 classes.
3. Bland, J.M. and Altman, D.G. (1986). Statistical methods for assessing 
agreement between two methods of clinical measurement. The Lancet, 327: 
307-310  

 
Figure 2. The error of the measurement of GR Tissue depth with the 
Icemeat probe (GR knife – Icemeat probe) with increasing GR knife 
depths where the vertical dotted lines represent each fat score (1 
– 5) and the horizontal line represents 0 error. 

 

 

Figure 1. Measurement at the GR tissue depth site using the Icemeat 

probe .
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Non-destructive spectrometric technologies to determine meat tenderness and discriminate sheep age group at 
slaughter (#278)

Elena Fulladosa1, Graham E Gardner2, Andrew Williams2, Israel Muñoz1, Maria Font-i-Furnols1, Pere Gou1

1 IRTA, Food Technology, Monells, Spain; 2 Murdoch University, Murdoch, Australia

Introduction
The feasibility to predict lamb tenderness has been evaluated previously by 
several authors using NIR and X-ray based instruments. Dual energy X-ray 
and NIR spectroscopy can be effectively used as a means of classifying pork 
bellies according to softness [1]. New multi energy X-ray sensors have also 
shown the capacity to monitor meat aging during chilling-vacuum packag-
ing of beef samples [2]. The aim of this study was to assess the performance 
of a multi energy X-ray sensor, and a high performance and a portable low 
cost NIR system to predict shear-force in lamb samples and to discriminate 
between age/tenderness groups.
Methods
Samples: Merino-cross lambs were sourced from a commercial sheep 
flock located in Australia. Half were born in September/October 2016 (n=30), 
the other half in May/June 2017 (n=30). All were slaughtered in October 2017 
as lambs (6 months old) and yearlings (12 months old). After slaughter 2 sam-
ples 5 cm long were taken from the longissimus dorsi near to the 12/13th rib, 
aged for 5 days and then frozen. One sample was used to determine shear 
force and the other was used for scanning using 3 different spectrometric 
devices.
Spectrometric acquisition systems: High performance 
NIR device: Spectra were recorded on a Fourier Transform NIR spec-
trometer model Matrix-F duplex (Bruker Optik GmbH, Germany). NIR reflec-
tance spectra were collected over the 12,000–4000 cm−1 spectral region 
(830–2500 nm) using an on-contact probe. Low-cost NIR device: 
The SCiO handheld smartphone-based NIR spectrometer (Consumer Phys-
ics, Israel) was used. Reflection spectra in a range between 740 nm and 1070 
nm were collected. X-ray multi energy device: An industrial X-ray 
prototype system with a multi energy detector (MXV-PACK 4010, Multiscan 
Technologies, Spain) was used to acquire a spectroscopic image (1000 x 256 
pixels) of the sample with each pixel containing an X-ray energy spectra of 
128 channels (recording energies from 20 to 160 keV).
Tenderness determination: Shear force was measured using a 
Lloyd texture analyser (Model LRX, Lloyd Instruments, Hampshire, UK) with 
a Warner–Bratzler shear blade fitted [3].
Construction and cross-validation of predictive mod-
els: All spectra were pre-processed and multivariate calibration models 
constructed using PLS Toolbox, version 8.1.1 (Eigenvector Research, Inc., 

Wenatchee, WA, USA). Calibration models were developed by using Par-
tial Least Squares Regression (PLSR) for shear force. Partial Least Squares 
discriminant analysis (PLS-DA) was used as a linear classification method 
to predict the category (lambs or yearling at slaughter). Interval variable se-
lection for PLS (iPLS) and PLSDA (iPLSDA) was applied to discard variables 
that added complexity yet no additional precision to the model, improving 
the performance of the final model upon validation.
Results
The shear force of lamb and yearling differed (p=0.01) with a mean shear 
force of 38.45±8.99 N for yearlings and 31.65±7.25 N for lambs.  
Table 1 shows performance metrics for iPLSR models to predict lamb ten-
derness using the three measurement systems. Multi energy X-ray showed 
no capacity to predict lamb tenderness. In the case of high performance NIR 
(that acquires from 830 to 2500 nm), the models used specific regions of the 
spectra and 8 PLS factors to achieve a RMSECV of 5.54 N. In the case of 
low-cost NIR device (that acquires from 740 to 1070 nm), the models used 
specific regions of the spectra and 3 PLS factors to achieve a RMSECV of 
6.69 N. However, R2

cv were still low in both cases showing values of 0.578 
and 0.357 respectively (Figure 1).
The results for the PLS-DA and iPLSDA models for classification of samples 
according to sheep age at slaughter are shown in Table 2. The lowest error 
rate was found for the high performance NIR where accuracy of calibration 
and prediction reached 100% for all the samples when using the most rep-
resentative interval selection. The highest error was found when using multi 
energy X-ray (27.5%), suggesting that under current methodology, this tech-
nology is not-acceptable for implementation within the food industry. This 
might partly be due to the variations in thickness found between samples 
which may cause variation in the attenuation values, producing higher er-
rors. However, low cost NIR devices can discriminate accurately (2.5% error) 
when using specific spectral intervals).
Conclusion
This study has demonstrated the ability of spectroscopic methods, espe-
cially high performance and low-cost NIR, to provide a fast and effective 
method for classifying meat from lamb and yearling animals at slaughter. It 
also shows the low potential of these methods for the prediction of the shear 
force. The potential of studied spectroscopic devices in the prediction of 
sheep age and shear force needs to be further investigated on a larger 
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Figure 1 Relationship between the measured and predicted Warner Brat-
zler shear force (BWSF) using iPLSR models obtained from high perfor-
mance NIR spectra (A) and low-cost NIR spectra (B).

 

Table 2 Confusion matrix for discrimination of lamb and yearling an-

imals by PLSDA and iPLSDA models. 

 
Table 1 Performance metrics in iPLSR models for shear force using the 
three investigated systems.
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Aroma profile of dry-aged lamb and bull beef using Real-Time Selected Ion Flow Tube Mass Spectrometry 
(SIFT-MS) (#282)

Renyu Zhang1, 2, Michelle J. Yoo2, Debbie A. Frost1, Mustafa M. Farouk1

1 AgResearch Ltd, Food & Bio-based products, Hamilton, New Zealand; 2 Auckland University of Technology, School of Science, Auckland, New Zealand

Introduction
Dry-ageing produces meat of superior eating quality and unique flavour [1] 
compared to that produced from wet-ageing. The distinct flavour and aroma 
compounds generated from dry-ageing as a result of proteolysis, lipolysis, 
and oxidation [2] remain relatively unexplored. Some ketones (Diacetyl and 
acetoin) and aldehydes (2-methylbutanal and 3-methylbutanal) have been 
reported to be positively associated with the intense dry-aged flavour, for 
example, buttery, nutty, browned/grilled and sweet [3]. The aim of this study 
was to investigate the effect of ageing methods and animal species on the 
aroma profile of lamb and bull beef using real time Selected Ion Flow Tube 
Mass Spectrometry (SIFT-MS).
Methods
Three biological replicates of lamb (paired legs, bone-in, shank-off) and bull 
beef striploins were dry-aged in water-permeable ageing bags (TUBLIN® 
10, Denmark) at 2 ˚C, 0.5 m/s air velocity and 75% humidity as compared 
to wet-aged lamb in vacuum barrier bags, for 21 d. The aged lamb (bone-
out, untrimmed) and beef (trimmed) samples were minced and analysed for 
moisture and fat contents and lipid oxidation (Thiobarbituric Acid Reactive 
Substances; TBARS) using standard methods. The aged sample (5 g) was 
placed in a sealed reagent bottle and cooked at 75 °C for 30 min. Immediately 
post-cooking, the sample headspace was extracted into SIFT-MS Voice 200 
Ultra (Syft Technologies, Christchurch, NZ) in a positive full scan mode with 
direct sample inlet. The sample flow rate was 0.3 tls with tube pressure of 
0.66 Torr and temperature of 119 °C. The adducts with H3O+, NO+, O2

+ in the 
mass range of 15-400 m/z were measured. Identification and quantitation 
of odorants were performed by Labsyft software (Syft Technologies). Sta-
tistical analysis was performed using R (version 3.2.2). Identified odorants 
were analysed by Principal Component Analysis (PCA) with moisture, fat 
and TBARS to investigate the differences between ageing methods and an-
imal species and the factors that contributed to the differences. Results of 
moisture, fat and TBARS were analysed using one-way ANOVA and Tukey’s 
honest significant difference to separate the means at P<0.05.
Results
A significantly lower (P<0.05) amount of moisture was detected in dry-aged 
lamb compared to the wet-aged (Table 1). Both dry- and wet-aged lamb 
had significantly higher (P<0.05) fat content compared to the dry-aged beef, 
with the highest TBARS (P=0.10) detected in the dry-aged lamb. A total of 38 

odorants were identified, with some unique odorants presented in each sam-
ple (Table 1). A clear separation of the three samples was observed by the 
score plot of PCA (Fig. 1), suggesting that the difference in aroma profiles re-
sulted from both the ageing methods and the animal species. PC1 explained 
66.49% of the variation and clearly differentiated the beef samples from the 
lamb regardless of the ageing methods. PC2 explained 33.51% of the vari-
ation which separated the dry-aged lamb from the wet-aged lamb. In the 
loading plot (Fig. 2), four odorants (2-methyl-2-butanol, 3-methyl pentane, 
methyl glyoxal, and pentanal) and higher fat content differentiated the lamb 
aroma from the beef which was dominated by hexanal, propanal and unique 
odorants in PC1. Increased TBARS level and the unique odorants (Table 1) 
may have contributed to the distinct aroma profile (e.g. nutty, sweet and but-
tery) of the dry-aged lamb in PC2. The aroma profile of wet-aged lamb may 
be associated with the higher moisture content, ethyl mercaptan, dimethyl 
sulfide and dimethyl amine. Dimethyl sulfide, reported to have bloody/metal-
lic flavour of wet-aged meat [3], was also detected.
 
Conclusion
A clear differentiation between the aroma profiles of dry- and wet-aged lamb 
and bull beef was detected by real-time SIFT-MS. The amount of fat and lipid 
oxidation were the major contributors to the distinct aroma profile of lamb 
and dry-aged lamb, respectively.
ACKNOWLEDGEMENT: This work was supported by Ministry of Science 
and Innovation, New Zealand, and from the internal Strategic Science In-
vestment Fund of AgResearch Limited (contract A19113). The first author 
would like to acknowledge AUT University for his PhD scholarship.
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Table 1. Moisture, fat and TBARS and the unique odorants of aged meat 
samples 
  

 
Fig 2 Loading plot of PCA analysis of odorants, moisture, fat and 
TBARS of aged meat samples. 

 
Fig 1. Score plot of PCA analysis of dry- and wet aged lamb and bull 
beef 
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Repeatability of dual energy X-ray absorptiometry (DEXA) measures of beef carcase composition at abattoir line 
speed (#287)

Honor B. Calnan, Jarno Peterse, Saxon Klem, Graham E. Gardner
Murdoch University, School of Veterinary & Life Sciences, Murdoch, Australia

Introduction
The Australian beef industry is focused on developing objective carcase 
measurement technologies to improve the transparency of carcase trad-
ing. Processors purchase cattle based on carcase weight and single-site fat 
measures indicating carcase composition. However, these fat measures are 
imprecise and inaccurate predictors of whole carcase fatness (Williams et 
al., 2017). To improve the valuation of lamb carcases in Australia, a dual ener-
gy X-ray absorptiometry (DEXA) system was developed to measure carcase 
composition with high precision and accuracy at abattoir line speed (Gard-
ner et al., 2018). Following this success, the first commercial beef DEXA sys-
tem was developed and installed in an abattoir. The system can differentiate 
the chemical fat composition of tissues of varying thickness and thereby 
produce a DEXA value for beef sides scanned. Before the system is fully cali-
brated against computed tomography, the repeatability of the DEXA imaging 
system needs to be assessed. We hypothesise that predictions of carcase 
composition from the beef DEXA system will be highly repeatable when car-
case sides are scanned recurrently over a short period of time.
Methods
Sixty beef sides were selected from Teys Australia Lakes Creek abattoir 
chiller for repeated DEXA scanning. The sides ranged from 108 to 184 kg, 
and from 1 to 33 mm in P8 fat depth. Carcases were DEXA scanned in 4 
groups of 15 sides. Sides were hung with the medial side facing the X-ray 
tube and scanned at line speed, before being directed back for repeated 
DEXA scans a further 5 times in the same order. Each side was thus DEXA 
scanned 6 times in a 10-15 minute time period. This process was repeated 
with another 3 groups of 15 sides on the same day.
The DEXA system was comprised of 2 X-ray tubes and 2 detectors, posi-
tioned vertically to capture the length of a beef carcase (Fig. 1). X-ray imag-
es were generated from each of the 140kV X-ray tubes, with high and low 
energy images captured on each detector. The detectors consisted of two 
photodiodes containing ZnSe and CsI scintillants, separated by a copper 
filter. The upper and lower DEXA images of each beef side were calibrated 
and analysed separately. An average DEXA value was determined for each 
image via threshold removal of the bone-containing pixels and by applying 
relationships previously established between DEXA values, chemical fat % 
and tissue thickness. The DEXA values were analysed using general linear 
mixed models in SAS, with beef side identification within group and repeat 

scan number fitted as fixed terms in the model.
Results
The mean DEXA values for beef sides varied markedly as would be expect-
ed given their weight and P8 values. DEXA values ranged from 71.5 to 95.4 
in upper detector images, and from 72.8 to 102.5 in lower detector images 
(Table 1). In line with our hypothesis, the beef DEXA system produced highly 
repeatable measures of carcase composition (Table 1, Fig. 2 and 3). When 
beef sides were scanned 6 times within a short time period, the DEXA values 
calculated from the repeated images had a standard deviation of only 0.36 
on average on the upper detector, and 0.40 on the lower detector (Table 1). 
This variation in DEXA values between repeated scans represents just over 
1% of the unit range in DEXA values. 
Table 1. The mean and range in DEXA values of all beef sides scanned; and 
the average standard deviation in DEXA values within beef sides repeatedly 
DEXA scaned.
Group Number DEXA value mean (range) Mean Standard Deviation of re-

peat carcase scans

Upper Lower Upper Lower

1 15 83.3 (74.5 – 
87.6)

86.3 (77.1 – 
91.9)

0.31 0.38

2 15 79.7 (71.5 – 
85.6)

84.5 (76.3 – 
90.9)

0.18 0.26

3 15 88.9 (82.4 – 
95.4)

92.7 (85.3 – 
102.5)

0.41 0.37

4 15 78.7 (72.3 – 
84.1)

81.4 (72.8 – 
88.5)

0.48 0.50

Total 60 82.7 (71.5 – 
95.4)

86.4 (72.8 – 
102.5)

0.36 0.40

Conclusion
In conclusion, the prototype beef DEXA system can produce highly repeat-
able images of beef sides in a commercial setting. The slight increase in 
variation between DEXA scans on the lower detector may relate to slight 
positioning changes in the lower portion of the carcase as it moves along 
the hook and conveyor during DEXA scanning. The values obtained from 
both detectors are nonetheless highly repeatable, demonstrating that the 
system and its components can consistently measure composition of beef 
sides scanned at abattoir line speed.
1. Williams, A, Jose, C, McGilchrist, P., Walmsley, B., McPhee, M., Green-

wood, P. and G. Gardner (2017) Predicting beef carcase composition 
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Figure 3. The lower detector DEXA values calculated from 6 repeated 
DEXA scans of 60 beef sides.

 

Figure 2. The upper detector DEXA values calculated from 6 repeated 
DEXA scans of 60 beef sides.

  
Figure 1. Calibrated a) upper and b) lower detector DEXA images of a 
beef side scanned at line speed
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Pulsed electric field improves the protein digestion of venison (Cervus elaphus) during in vitro gastrointestinal 
simulation (#292)

Zuhaib F. Bhat1, James D. Morton1, Susan L. Mason1, S. Reshan Jayawardena1, Alaa El-Din A. Bekhit2

1 Lincoln University, Department of Wine Food and Molecular Biosciences, Lincoln, New Zealand; 2 University of Otago, Department of Food Sciences, Dunedin, New Zealand

Introduction
Pulsed electric field (PEF) is a novel non-thermal technology that has been 
studied for several applications in meat and meat products. Application of 
PEF has been demonstrated to affect the functional and structural proper-
ties of the proteins by affecting electrostatic interactions and causing several 
modifications [1, 2]. PEF processing can therefore influence the hydrolysis 
of proteins during gastrointestinal digestion and affect the release and bio-
availability of amino acids and polypeptides from meat during digestion [1]. 
The objective of this study was to evaluate the effect of PEF treatment on 
the protein digestion of cooked venisonsubjected to in vitro gastrointestinal 
digestive simulation. Samples were analyzed for protein digestibility (%), sol-
uble protein (%), free amino acids, protein profile (SDS-PAGE) and mineral 
release to evaluate if PEF treatment has any impact on protein digestibility 
and the release of amino acids, peptides and minerals during in vitro gastro-
intestinal digestion.
Methods
Longissimus dorsi muscle was obtained from six red deer (Cervus elaphus) 
carcasses from Lorneville plant (Alliance Group, Invercargill, New Zealand). 
The average hot carcass weight was 108 ± 9.8kg. The muscles were excised 
at 24 h post-mortem and treated with PEF. The samples were cut into blocks 
(13 x 8 x 5 cm) and randomly allocated to PEF treatment i.e. 10 kV, 20 Hz, 
20 µs, 0.5 kV/cm plus a non-treated control. Both control and PEF treated 
samples were cooked to a core temperature of 75 oC and subjected to in 
vitro gastrointestinal digestion (1 h gastric phase and 2 h intestinal phase) 
as described previously [1]. Free amino acid analysis and mineral profile 
was done by using HPLC and Inductively Coupled Plasma Optical Emission 
Spectrophotometer, respectively. The data generated was compiled and an-
alyzed using SPSS (version 16.0) and reported as means ± standard error. 
Independent samples t-test or two-way ANOVA was performed and Dun-
can’s multiple range tests or Levene’s test, at the 0.05 level of significance, 
were used for comparing the means to find out the effects of treatment and 
digestion time.
Results
PEF had a significant effect on protein digestibility (Fig. 1) and the release 
of soluble protein (Table 1) as the samples treated with PEF showed signifi-
cantly higher values (P<0.05) at the end of the gastrointestinal digestion. 
Thegel electrophoretogram (Fig. 2) shows the differences in the bands be-

tween control and PEF treated samples. These differences, which become 
more prominent with the time of digestion and between gastric and intestinal 
phase of digestion, suggest a faster and greater rate of digestion for PEF 
treated samples. PEF had no significant (P>0.05) effect on the release of 
minerals during digestion.
 
Means with different superscripts in a row (upper case) and column (lower 
case) differ significantly (P<0.05) 
Table 1: Effect of pulsed electric field on the soluble protein (%) of cooked venison Longissimus 
dorsi

Phase of digestion Incubation time Control T1 (10 kV)

In-vitro gastric diges-
tion

0 Minutes 12.76 ± 0.38a 13.03 ± 0.43a

30 Minutes 18.89 ± 2.42b 19.69 ± 2.07b

60 Minutes 19.06 ± 0.30b 21.17 ± 2.00bc

In-vitro intestinal di-
gestion

120 Minutes 22.65 ± 0.58bc 24.98 ± 1.09cd

180 Minutes 24.66 ± 0.99cA 27.73 ± 0.28dB

Conclusion
A positive effect of PEF-processing was observed on the protein digestion 
of cooked venison during in vitro gastrointestinal digestion. Prior treatment of 
muscle with PEF resulted in a faster and greater digestion with a significant 
(P < 0.05) increase in in-vitro protein digestibility (%) and soluble protein 
(%). No negative impact of PEF processing was observed on the release of 
minerals, including Fe, Zn, Cu, Cr, Mg, K, Ni and P, from venison during sim-
ulated gastrointestinal digestion.
REFERENCES
1. Bhat, Z. F., Morton, J. D., Mason, S. L., & Bekhit, A. E. A. (2018). Pulsed 

electric field: Role in protein digestion of beef Biceps femoris. Innovative 
Food Science and Emerging Technologies, 50, 132-138.

2. Han, Z., Cai, M. J., Cheng, J. H., & Sun, D. W. (2018). Effects of electric 
fields and electromagnetic wave on food protein structure and function-
ality: A review. Trends in Food Science and Technology, 75, 1-9.
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Fig. 2. Effect of PEF on the protein profile  
Fig. 2. Effect of PEF on the protein profile (SDS-PAGE) of cooked ven-
ison Longissimus dorsi subjected to in-vitro gastrointestinal diges-
tion [M = marker, C = control, T1 = 10 kV (90 Hz)]

 
Figure 1 Effect of PEF on digestibility 
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Using a handheld near-infrared spectroscopy (Nirs) scanner to predict meat quality (#295)

Cassius E. O. Coombs, Luke Neely, Budiman Minasny, Mario Fajardo, Luciano A. Gonzalez
The University of Sydney, Sydney Institute of Agriculture and School of Life and Environmental Sciences, Sydney, Australia

Introduction
Consumers worldwide are willing to pay more for meat with guaranteed eat-
ing and nutritional quality, commonly measured by colour, marbling, mois-
ture and pH, among other traits [1]. Colour and marbling are routinely graded 
subjectively [1], however more accurate objective measures are time-con-
suming, expensive and destructive [2]. The use of non-destructive tech-
nologies such as near-infrared spectroscopy (NIRS) have been extensively 
researched for objective and accurate measurement of these quality traits 
[2,3]. Recently, smaller, cheaper and portable handheld devices have been 
used to reduce costs and logistical issues in the abattoir [3]. The aim of this 
study was to test the accuracy of a handheld NIRS spectrophotometer (NIR-
vascan) as a predictor of meat quality compared to a conventional lab-grade 
NIRS spectrophotometer (LG-NIRS).
Methods
Forty-three beef and lamb retail cuts were purchased from butchers and 
supermarkets in Sydney, Australia to represent a range of muscle, marbling, 
breed, colour, freshness and price. Previously defined locations along the 
sample surface (6 beef, 3 lamb) were used scanned using a hand-held NIR-
vascan (900-1800 nm, Allied Scientific Pro, Gatineau, Canada), a lab-grade 
visible-NIRS (350-2500 nm, Agrispec, ASD Inc., Boulder, USA), and a CR-
400 Chroma spectrophotometer for instrumental meat colour (Konica Mi-
nolta Sensing Americas Inc., New Jersey, USA). Marbling and pH were as-
sessed as per [4], while moisture content was determined by the difference 
in pre- and post-freeze drying weight.
Prediction models were trained for both NIRS scanners with a 70% training 
set and 30% independent validation dataset using a bootstrapped decision 
trees algorithm in RStudio [5]. The mean predictions of 100 different models 
using a 99% random sample from the training set were tested. Mean predic-
tions were used to calculate the performance against the laboratory-mea-
sured dataset. The performance indices calculated were the coefficient of 
determination (r2), root mean square error (RMSE) and bias.
Results
The NIRvascan predicted pH and moisture better than the LG-NIRS (lower r2 
and higher RMSE), however NIRvascan prediction for marbling was inferior 
to LG-NIRS (Table 1). NIRvascan predictions were poor to average (r2 < 0.5), 
while the only prediction above 0.5 was marbling score by LG-NIRS (Table 
1). NIRvascan predictions of meat colour could not be established, although 
LG-NIRS showed minimal variation in predicting instrumental colour within 

the visible range (data not shown).
Discussion
NIRvascan predictions of beef pH were similar to those found previously 
for an LG-NIRS [6], though LG-NIRS predictions in the present study were 
lower. A general consensus is that scanning ground meat provides more ac-
curate NIRS predictions for moisture, marbling and chemical fat than intact 
meat, though its destructive nature prevents industry uptake [3].The likely 
reason for greater predictive accuracy for colour from the LG-NIRS was its 
wider wavelength range compared to the NIRvascan.
Separate visible-NIRS predictions of meat redness (a*) could replace the 
use of a trained grader according to [3,6]. However, further research is re-
quired to establish a threshold for consumer colour preference, as well as 
to improve the wavelength range of handheld NIRS to include the visible 
spectrum for colour prediction (~380-740 nm). The prediction accuracy of 
NIRvascan could also be improved by collecting a larger data set, e.g. from 
an abattoir boning room, or by collecting more spectral data from each sam-
ple and implementing a standardised scan pattern [3]. Objective measure-
ments of intramuscular fat and crude protein through wet chemistry would 
also need to be tested.
Conclusion
In this pilot study, the handheld NIRvascan was able to predict pH and mois-
ture of retail meat samples to a modest level, and better than the LG-NIRS. 
Marbling and colour of samples were better predicted using the LG-NIRS. 
The use of a larger-scale study and further development of handheld NIRS 
technology to incorporate the visible spectrum can both contribute to im-
proved ‘on-the-spot’ prediction of such traits in the future.
References
1. Polkinghorne RJ & Thompson JM (2010). Meat standards and grading. A 

world view. Meat Science 86: 227-235.
2. Scholz AM, Bunger L, Kongsro J, Baulain U & Mitchell AD (2015). 
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mal 9(7): 1250-1264.
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Table 1. Coefficient of determination (r2), root mean square error (RMSE) 
and bias of two NIRS models predicting pH, moisture content and mar-
bling score.

 



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

504

Notes
P-07-18 

Effects of substitution of soybean meal by Superworm defatted meal on rumen fermentation and digestibility of 
beef cattle by using in vitro gas production technique (#339)

Sineenart Polyorach, Noratat Prachom
King Mongkut’s Institute of Technology Ladkrabang, Department of Animal Production Technology and Fisheries, Faculty of Agricultural Technology, Bangkok, Thailand

Introduction
Global population growth, increasing wealth, and urbanization, particularly 
in Asia and Africa, create changes in global consumption patterns, lifestyles 
and food preferences, leading to an increase in animal protein demands [1]. 
The security of livestock feed is been becoming critical in terms of both 
quantity and quality, particularly the protein sources, lack of which results in 
low productivity. Currently, insects are being considered as potential alter-
native protein sources for industrialized feed, such as poultry, pig, and culti-
vated species of fish like African catfish [2]. More over mealworm (Tenebrio 
molitor) based feed at 50% to replace fish meal can offer an economic ad-
vantage [3]. It can provide higher growth performance to white shrimps with 
a more efficient way to fight pathogens without any toxicity. However, the ef-
fect of substitution of soybean meal by Superworm defatted meal on rumen 
fermentation and digestibility of beef cattle is currently unknown. Therefore, 
the objective of this study was to determine the effect of effect of substitu-
tion of soybean meal by super worm defatted meal on rumen fermentation 
and digestibility of beef cattle by using in vitro gas production technique.
Methods
The experimental design was a CRD to receive 4 substitution levels of SBM 
by Super worm defatted meal at 0, 33, 67 and 100% in concentrates. Dietary 
samples were dried at 60 °C, then ground to pass a 1-mm sieve (Cyclotech 
Mill, Tecator, Sweden) and used for chemical analysis and in the in vitro gas 
test. The samples were analyzed for DM, OM, CP using the procedures of 
[5], NDF, ADF according to [6]. Cumulative gas production data were fitted 
to the model of [7]. The percent loss in weight was determined and pre-
sented as in vitro dry matter degradability (IVDMD). The dried feed sample 
and residue left from above was ashed at 550°C for determination of in vitro 
organic matter degradability (IVOMD) [8]. All data were analyzed as a CRD 
using the PROC GLM of [9]. Multiple comparisons among treatment means 
were performed by Duncan’s New Multiple Range Test (DMRT) [10].
Results
Cumulative gas production for each of the substrate treatments presented 
as gas production and the values for estimated parameters obtained from 
the kinetics of gas production models for substrates studied are given in 
Table 1 and Figure 1.This studied revealed that substitution of soybean meal 
by Superworm defatted meal un affected (P<0.05) on the intercept value 
(a), the insoluble fraction (b), rate constant for the insoluble fraction (c), po-

tential extent of gas production (a+b), cumulative gas production at 96 h, 
and IVOMD. However, it was found that non-significant difference between 
substitution of soybean meal by Superworm defatted meal at 0%, 33% and 
67%. The beneficial of insects are being considered as potential alternative 
protein sources for industrialized feed, such as poultry, pig, and cultivated 
species of fish like African catfish [2]. Moreover, mealworm (Tenebrio molitor) 
based feed at 50% to replace fish meal can offer an economic advantage 
[3]. It can provide higher growth performance to white shrimps with a more 
efficient way to fight pathogens without any toxicity.
Conclusion
Superworm defatted meal could substitution of soybean meal with un affect-
ed on a, b, c, a+b and IVOMD, while IVDMD of 0%, 33% and 67% of substi-
tution was similar. Superworm defatted meal could alternative protein source 
for ruminants. However, further research should be conducted the used of 
Superworm defatted meal in in vivo trial.
References
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Figer 1.  Cumulative gas production affected by substitution of soybean 
meal by Super worm defatted meal.

 
Table 1. Effect of substitution of soybean meal by Super worm defatted 
meal on gas production kinetic and degradability from in vitro incu-
bation with rumen fluid.
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Vis-NIR spectrophotometry to predict Intramuscular fat (IMF) and pH in beef under contact and non-contact 
modes in a meat processing pilot plant (#391)

Yash Dixit1, Sam Hitchman1, Talia Hicks2, Cameron Craigie3, Marlon Reis1

1 Agresearch Grasslands, Meat Quality, Food and Bio-based products, Palmerston North, New Zealand; 2 Agresearch Ruakura, Meat Quality, Food and Bio-based products, Hamilton, New Zealand; 3 
Agresearch Lincoln, Meat Quality, Food and Bio-based products, Christchurch, New Zealand

Introduction
IMF (Intramuscular fat) refers to the fat deposits within a muscle between 
muscle fibers and muscle fiber bundles playing a critical role in the beef 
eating experience. Equally important, pH is also assessed during grading 
and used to define the quality of carcass, where carcasses with pH below 
5.7 are downgraded. Thus, there is a growing interest in the use of non-inva-
sive/non-contact devices that can be easily used within processing plants 
to assess IMF and pH. Vis-NIR spectroscopy is an extensively researched 
non-invasive technology with regard to meat quality characteristics such 
as IMF and pH. However, most of the previous studies have been laborato-
ry-based and utilized contact probes. Also, a lot of these studies used homo-
geneous samples (minced beef) which hinders the transfer of technology to 
the industry (Dixit et al., 2017; Porep et al., 2015). The current study envisages 
developing the Vis-NIR spectroscopy for industrial application. Two spec-
trophotometers were used; One spectrophotometer performed measure-
ments using a contact probe. In contrast, the other spectrophotometer per-
formed measurements at a stand-off distance of 180 mm. The chemometric 
technique of PLSR was used for developing prediction models. The study 
demonstrated the ability of Vis-NIR spectroscopy as a potentially robust and 
rapid technique to predict IMF and pH in beef in a meat processing plant 
under both contact and non-contact modes.
Methods
A total of 181 beef samples were measured 24 hr post slaughter in a meat 
processing pilot plant at AgResearch, Ruakura campus. Samples were cut 
into a rectangular shape and intermuscular fat was removed. Two Vis-NIR 
spectrophotometers (Labspec5000 & Labspec4, ASD Inc., Boulder, CO, 
USA), working in a wavelength range of 350-2500 nm were used in the re-
flectance mode. Spectrophotometer used for contact measurements had a 
spectral resolution of 3nm @700nm; 10nm@1400/2100nm and used a con-
tact probe; where six measurements were taken at different regions cover-
ing the sample surface. The other spectrophotometer (non-contact) had a 
spectral resolution of 3nm @700nm; 6nm @ 1400/2100nm which performed 
a single scan over the entire sample surface at a stand-off distance of 180 
mm where the sample was illuminated using a halogen light source. A total 
of 40 sub-scans were collected for each spectrum.
Data analysis was performed in R language (Team, 2018). Initially, the six 

scans obtained using contact spectrophotometer for each sample were av-
eraged into one spectrum thus obtaining single spectrum per sample for both 
spectrophotometers. Spectral data in the wavelength range of 389-2149 nm 
was used in order to remove regions with a low signal-to-noise ratio (SNR). 
Raw spectral data from both spectrophotometers were pre-processed us-
ing standard normal variate (SNV) transformation in order to remove any 
baseline effects and enhance SNR. Pre-processed spectral data along with 
chemical reference data were subjected to partial least square regression to 
develop prediction models for IMF and pH.
Results
IMF content for all the beef samples (n=181) was obtained in the range of 
0.67-19.36 % using an AOAC approved method (Method 996.06); the pH val-
ues were determined using a pH meter which ranged from 5.32-6.91. Table 1 
shows a summary of PLSR models. The models showed a good fit, yielding 
high coefficients of determination (R2) with low standard errors of cross-val-
idation (SECV) for both IMF and pH in contact and non-contact modes. The 
models also showed good prediction ability, yielding high R2 for prediction 
with low standard errors of prediction (SEP). Similarly, the pH model also 
yielded high prediction and low SEPs in both modes (Fig.1). It can be ob-
served that variable importance in projection (VIP) scores plot captures the 
relevant region related to fat peak at about 1215 nm (ElMasry et al., 2013) in 
both modes. Similarly, relevant VIP scores were observed for pH (Fig.2).
Conclusion
Overall results showed that Vis-NIR spectroscopy has the ability to predict 
IMF and pH in a meat plant environment in both contact and non-contact 
modes. Both modes showed good and comparable prediction ability. How-
ever, non-contact mode provides certain advantages over contact mode 
such as less scan time (1 vs 6) and minimal sample intervention.
References
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Figure 2 VIP scores plots (a) NIR contact: IMF, (b) NIR non-contact: 
IMF, (c) NIR contact: pH and (d) NIR non-contact: pH

 
Figure 1 Prediction plots (a) NIR contact: IMF, (b) NIR non-contact: 
IMF, (c) NIR contact: pH and (d) NIR non-contact: pH. Number of val-
idation samples for IMF (nIMF)= 59 and Number of validation samples 
for pH (npH)= 60
  

 

Summary of PLSR models  
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Development of Raman spectroscopy as a tool to discriminate between grass and grain fed beef carcases (#400)

Bridgette G. Logan1, 2, 3, David L. Hopkins1, 2, Leigh M. Schmidtke3, 4, Stephanie M. Fowler1, 2, The authors would like to thank Teys Australia for 
their assistance with collecting data, Stephen Morris for his assistance with data analysis and Meat and Livestock Australia for funding this research.
1 NSW Department of Primary Industries and Charles Sturt University, Graham Centre for Agricultural Innovation, Wagga Wagga, Australia; 2 NSW Department of Primary Industries, Centre for Red Meat 
and Sheep Development, Cowra, Australia; 3 Charles Sturt University, School of Agriculture and Wine Sciences, Wagga Wagga, Germany; 4 Charles Sturt University, National Wine and Grape Industry 
Centre, Wagga Wagga, Australia

Introduction
The variability in Australian climates means that cattle cannot always be 
grown out in extensive production systems and are therefore finished in 
intensive production systems. Currently, carcases are audited through the 
individual supply chain which represents a significant cost to industry and 
an even greater cost if there is a failure in the auditing process and mar-
ket access is lost for grass fed products.  Alternative processes include the 
analysis of stable isotopes, trace elements, fatty acids, volatile organic com-
pounds, carotenoids and vitamin E [1]. Yet,these analyses are expensive, re-
source and labour intensive and not suited to routine use by processors. 
Continued innovation in Raman spectroscopy devices has facilitated the 
development of smaller more powerful devices which are rapid, robust and 
suitable for real time analysis of chemical composition in processing plants. 
Subsequently, a method was developed to investigate the potential to use 
Raman spectroscopy to authenticate production systems of Australian beef 
carcases.
Methods
The subcutaneous fat from 20 carcases was measured using a Mira hand- 
held Raman device (Metrohm®). The Mira device is a hand held Raman de-
vice with a 785 nm orbital raster scan laser, capable of measuring wavenum-
bers from 400 – 2300 cm-1 with a spectral resolution of 8 – 10 cm-1 and a 
working distance of 7.6 mm and a measuring spot size of 2.5 mm.
Carcases were measured at 25 min and 24 hours post mortem on the neck 
and brisket. Five spectra were taken from each carcase at each location and 
time point using combinations of integration times (0.05 s, 2 s, 3 s, 4.05 s, 
4.48 s, 9.45 s, 10 s) and accumulations (1, 3, 5, 6). Spectra for each carcase 
were averaged for each time point and graphed to allow for examination of 
the quality of the signal including the noise to signal ratios, presence of fluo-
rescence and intensities of peak wavelengths.
Results
Examination of the spectra revealed that the lowest signal to noise ratio and 
least fluorescence were evident when spectra were collected with an in-
tegration time of 3 s and 5 averages, resulting in a total scan time of 15 s 
per position. The average spectra from pre-rigor and post-rigor carcases 
demonstrated that spectra collected at 24 hours post mortem yielded the 

most Raman information (Fig 1). This is particularly evident at between 1030 
– 1156 cm-1 which have low intensities when the subcutaneous fat of hot 
carcases is measured.
It is plausible that these improvements in the quality of spectra are asso-
ciated with the temperature of carcases at time of measurement as tem-
perature of the sample influences the light scattering, changing the amount 
of Stokes and anti-stokes scattering and as a consequence Raman spec-
tra can become more diffuse [if supportFields]><spanlang=EN-US 
style=’font-size:11.0pt;font-family:”Arial”,”sans-serif ”;mso-fareast-font-fam-
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ref-type&gt;&lt ;contributors&gt;&lt ;authors&gt;&lt ;author&gt;Fu-
jioka,Y.&lt ;/author&gt;&lt ;/authors&gt;&lt ;/contributors&gt;&lt ; ti-
tles&gt;&lt;title&gt;Influenceof Temperature on RamanLines&lt;/
title&gt;&lt;secondary-title&gt;Nature&lt;/secondary-title&gt;&lt;/ti-
tles&gt;&lt;periodical&gt;&lt;full-title&gt;NATURE&lt;/full-title&gt;&lt;/
periodical&gt;&lt;pages&gt;11-11&lt;/pages&gt;&lt;volume&gt;124&lt;/
volume&gt;&lt ;number&gt;3114&lt ;/number&gt;&lt ;dates&gt;&lt ;-
year&gt;1929&lt;/year&gt;&lt;pub-dates&gt;&lt;date&gt;1929/07/01&lt;/
date&gt;&lt;/pub-dates&gt;&lt;/dates&gt;&lt;isbn&gt;1476-4687&lt;/
isbn&gt ;&l t ;ur ls&gt ;&l t ; re lated-ur ls&gt ;&l t ;ur l&gt ;https ://doi .
org/10.1038/124011a0&lt;/url&gt;&lt;/related-urls&gt;&lt;/urls&gt;&lt;elec-
t ron ic - resource -num&gt ; 10 .1038/12401 1a0&l t ; /e lec t ron ic - re -
source-num&gt;&lt;/record&gt;&lt;/Cite&gt;&lt;/EndNote&gt;<span-
style=’mso-element:field-separator ’></span></span><![endif ][2][if 
supportFields]><spanlang=EN-US style=’font-size:11.0pt;font-family:”Ari-
al”,”sans-serif”;mso-fareast-font-family:Batang;m
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guage:AR-SA’><spanstyle=’mso-element : f ield-end’></span></
span><![endif ]. Therefore, measurements at 24 hrs post mortem once the 
carcases have cooled yield the highest quality spectra with the most evident 
peaks.
The point end brisket was identified as the best location to collect spectral 
data on the carcase as spectra collected at that position  also yielded the 
best Raman spectral information. This is most likely due to the hide removal 
processes where the carcase is not trimmed or prepared for the removal of 
hide around the head and neck and the hide on the carcase at this location 
is tighter compared to the brisket. Subsequently, the subcutaneous fat on 
the neck is subjected to a higher amount of hide puller damage resulting in 
an uneven fat cover and consequently poor Raman spectra with higher stray 
light and more contributions from the meat.
Conclusion
This preliminary investigation demonstrated that it is possible to get high 
quality Raman spectra of beef subcutaneous fat using a hand-held Raman 
device. Examinations of location, time post mortem and measurement pa-
rameters indicated that the most useful information on the chemical compo-
sition of fat is evident from spectra collected from the point end brisket at 24 
hours post mortem once carcases have cooled using an integration time of 
3 s and 5 accumulations.
REFERENCES
1. Monahan, F.J., Schmidt, O., and Moloney, A.P. (2018). Meat provenance: 
Authentication of geographical origin and dietary background of meat. Meat 
Sci, 144: 2-14.
2. Fujioka, Y. (1929). Influence of Temperature on Raman Lines. Nature, 124: 
11-11. 

 
Figure 1 

Spectra collected from beef subcutaneous fat from the point-end bris-
ket at 25 min post slaughter (blue) and 24 hrs post slaughter (red)

.
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Investigation of zinc protoporphyrin IX-binding protein in water extract of Parma ham (#402)

Hung Cheng Wang, Toru Hayakawa, Haruto Kumura, Jun-ichi Wakamatsu
Hokkaido University, Graduate school of agriculture, Sapporo, Japan

Introduction
Parma ham is an Italian traditional dry-cured ham processed without the 
addition of nitrate/nitrite, and its cherry-red color was attributed to zinc pro-
toporphyrin IX (ZnPP) (Wakamatsu et al., 2004). However, the mechanism by 
which ZnPP is formed in Parma ham has not been elucidated yet. Despite 
ZnPP is a water-insoluble compound with a molecular weight of merely 0.6 
kDa, it was reported that approximately 60% of ZnPP existing in Parma ham 
was water-soluble, whose molecular weight was estimated to be 30-50 kDa 
(Hayashi et al., 2008). Therefore, ZnPP might bind with water-soluble pro-
teins in Parma ham. If the ZnPP-binding proteins are elucidated, it might be 
clarified where and how ZnPP is formed in Parma ham. Hence, the aim of 
this study was to investigate the ZnPP-binding proteins in the water extract 
of Parma ham.
Methods
Preparation of Parma ham water extract
Minced Parma ham was homogenized with 4 volumes of ultra-pure water at 
10,000 rpm for 3 min. After the homogenate was centrifuged at 18,800 G for 
60 min, the supernatant was filtered with a syringe filter and termed Parma 
ham water extract.
Size-exclusion high-performance liquid chromatogra-
phy (SEC-HPLC)
SEC-HPLC was performed with eluent of citrate-phosphate buffer and the 
absorbance (280 nm) and fluorescence (Ex/Em: 420/590 nm) were moni-
tored.
Purification of ZnPP complex with chromatography
The Parma ham water extract was previously mixed with citrate-phos-
phate buffer containing (NH4)2SO4 and then loaded to hydrophobic inter-
action chromatography (HIC). HIC column was subsequently eluted us-
ing a step-gradient of (NH4)2SO4 and then each fraction was collected. 
TheZnPP-abundant fraction collected from HIC was dialyzed overnight 
against ultra-pure water and then mixed with citrate-phosphate buffer for 
cation exchange chromatography (CIEX). After the sample was loaded to the 
CIEX column, ZnPP-binding proteins were eluted using a linear-gradient of 
NaCl and then collected. ZnPP fluorescence (Ex/Em: 420/590 nm) of each 
collected fraction was measured by a spectrofluorometer.
SDS-PAGE and amino acid sequencing
The fractions collected from each chromatography were loaded to sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). After 

electrophoresis, the gel was stained by Coomassie brilliant blue R-250. After 
transferring from unstained gel to PVDF membrane, amino acid sequence of 
protein band was determined by Edman degradation and BLAST analysis.
Results
In preliminary experiment, the Parma ham water extract was applied to SEC 
directly for estimating the molecular weight of ZnPP-binding protein. Two 
main peaks were observed at 14.3 and 23.0 min by fluorescence detection 
(Fig. 1) and the fluorescence spectrum of these peaks were checked by the 
spectrofluorometer. However, since only the peak eluted at 14.3 min showed 
ZnPP specific fluorescence, the peak at 23 min might derive from impurity 
(data not shown). Molecular weight of ZnPP-binding protein candidates es-
timated by SEC was higher than that of myoglobin (17 kDa). In contrast, it 
coincided with the result which showed molecular weight of ZnPP-binding 
protein was around 30-50 kDa (Hayashi, 2008).
To further investigate the ZnPP-binding protein, the Parma ham water ex-
tract was purified with the order of HIC and CIEX. In HIC, 97% of ZnPP-bind-
ing protein was eluted in one fraction (Fig. 2). And then, approximately half 
amount of ZnPP-binding protein collected from HIC was adsorbed on CIEX 
column, whereas the remaining was not adsorbed (Fig. 3). When the adsorbed 
fraction collected from CIEX chromatography was applied to SDS-PAGE, 
one major band and two minor bands were separated (data not shown). The 
major band and one of the minor bands were identified by N-terminal amino 
acid sequencing successfully and the result showed that the minor band 
was the degraded product of the major band (data not shown).
Conclusion
In this research, the molecular weight of ZnPP-binding proteins in Parma 
ham were larger than that of myoglobin. The protein purified by HIC, CIEX 
and SDS-PAGE was suggested to be one of the ZnPP-binding proteins in 
Parma ham.
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Fig. 1. SEC Chromatogram of the Parma ham water extract 
SEC-HPLC was performed with eluent of citrate-phosphate buf-
fer and the fluorescence (Ex/Em: 420/590 nm) were monitored. 

 
Fig. 3. CIEX Chromatogram of ZnPP-containing fraction collected 
from HIC chromatography  ZnPP fluorescence (Ex/Em: 420/590 nm) of 
each fractions were measured by the spectrofluorometer; the frac-
tions within the dashed box were collected for SDS-PAGE analysis. 

 
Fig. 2. HIC chromatogram of the Parma ham water extract 
ZnPP fluorescence (Ex/Em: 420/590 nm) of each fractions were measured 
by the spectrofluorometer; the fractions within the dashed box were 
collected for CIEX process.
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improving the light scattering properties of dark beef longissimus thoracis and lumborum using high pressure 
processing. (#407)

Joanne Hughes1, Mathilde Petit-Munoz2

1 CSIRO, Agriculture and Food, Brisbane, Australia; 2 ISARA, Lyon, France

Introduction
Unfavourable meat colour is problematic due to reduced quality, lack of con-
sumer acceptability and the associated downgrading of beef carcasses. The 
aim of this work was to use high pressure processing (HPP) for improving 
the muscle microstructure and promote light scattering. HPP treatment of 
meat induces paleness and lightness, with the magnitude dependent on the 
pressure applied, (Bak et al., 2017, Hughes et al., 2014). In particular, pres-
sures 200 MPa - 350 MPa induce surface “whitening” (Carlez et al., 1995). 
At 15 °C, HPP is known to improve the colour of excessively dark beef loins 
(Utama et al., 2017), but there are no reports on the impact of HPP at colder 
temperatures (5 °C) on muscle microstructure and light scattering properties. 
We postulate that pressures ≥ 200 MPa at 5 °C will induce muscle structural 
changes, promoting light scattering and increasing meat surface lightness.
Methods
Beef longissimus thoracis (LT) and lumborum (LL) muscles were collected 24 
h post-mortem from six carcasses. After blooming (10 °C, 1 h), the exposed 
LT was assessed for meat colour (AMC) and pH using chiller assessment 
(AUS-MEAT, 2005). All carcasses had a dark colour AMC ≥4 and high pH 
>5.70. Muscles were halved, vacuum packed and HPP treated at 5 °C for 6 
min at 200 MPa, or 1 min at 300 and 400 MPa in a 35 L HPP vessel (UHP 
Press Quintus Press - QFP). After HPP, samples were chilled (5 °C/ 1 h), and 
a 25 cm thick steak was cut from the caudal end, bloomed (15 °C, 1 h) and 
measured for colour (Hunterlab Miniscan EZ, light source A, observer angle 
10 °, aperature size 5 cm, Novasys Group Pty Ltd, VIC, Australia). Light scat-
tering (expressed as global brightness or pixel intensity of the image) using 
reflectance confocal microscopy, was also measured as outlined previously 
(Hughes et al., 2018). Two way ANOVA, with the factors of pressure treat-
ment (control, 200, 300 or 400 MPa) and muscle (LT or LL), was performed 
(GenStat, 2013).
Results
As shown in Table 1 and Figure 1, HPP induced colour changes in both mus-
cles, particularly at 400 MPa. Lightness (L*), redness (a*) and yellowness 
(b*) all increased after treatment (P<0.001), but no effect was observed be-
tween muscles. These values were darker (lower L* values) compared to 
Utama et al. (2017), and was probably a result of the lower HPP treatment 
temperature (5 vs 15 °C) and different colorimeters/ measuring parameters. 
Global brightness also increased with treatment and was likely due to HPP 

induced structural changes in the muscle. Microscopy images showed that 
the muscle fibres had a brighter appearance, indicating more light scatter-
ing in the muscle after treatment. The exact mechanism of these structur-
al changes is still unknown, but is possibly a combination of muscle fibre 
shrinkage, changes in sarcomere optical protein density and denaturation 
and/ or relocation of proteins (cytoskeletal, sarcoplasmic or myofibrillar).
Conclusion
HPP induced colour changes in both longissimus muscles, with the effect 
being highest in the 400 MPa treatment. Lightness, redness and yellowness 
all increased after HPP treatment, with evidence that light scattering devel-
opment was involved in this improvement in colour. This new knowledge 
could assist the industry alleviate the negative impacts of dark coloured 
meat.
Acknowledgments
Funding provided by Department of Agriculture and Water Resources.
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Figure 1 Effect of high pressure treatment (5°C) on beef longissimus 
thoracsis (LT) et lumborum (LL) on appearance and light scattering 
confocal images. 

 
Table 1 Effect of HPP treatment (5°C) on beef longissimus thoracsis 
(LT) and lumborum (LL) on meat colour. 
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Multi-parameter fusion of near infrared hyperspectral imaging data for rapid quantification of intramuscular fat in 
pork longissimus lumborum (#409)

Christopher Kucha1, Li Liu1, Michael Ngadi1, Claude Gariepy2

1 McGill University, Dept. of Bioresource Engineering, Ste-Anne-de-Bellevue, Canada; 2 Agriculture Agri-Food Canada, Ste-Hyacinthe, Canada

Introduction
Intramuscular fat (IMF), which impacts flavor and tenderness to meat, is still 
controlled in the meat industry by chemical-based methods such as Soxhlet 
extraction apparatus. These methods are slow and laborious and utilize a 
high amount of the chemical solvent reagents. Therefore, developing an effi-
cient alternative IMF quantification technique is required.
Hyperspectral imaging (HSI) has emerged as a high-tech analytical tool in 
response to the needs of the meat industry. This device is yet another step 
targeted for automation in the meat industry. The evolution of this device is 
borne from its advantages of high speed, non-destructiveness, and chemi-
cal-free. Researches over the last decade has provided scientific evidence 
for adopting HSI for IMF assessment [1-3]. However, this evidence was 
based on longissimus lumborum (LL) cutlets, which would be imagined hav-
ing a uniform distribution of IMF within the cutlet size. No attempt was made 
to estimate the IMF over a chuck of meat such as in the entire LL. LL is a 
valued primal cut in the entire carcass. LL is usually marketed intact (bone-
in or deboned). Studies have suggested the last five ribs as representative 
grading site location on the LL [2]. However, besides the labor and waste 
that would be involved, the loss of any of the rib section to IMF analysis will 
mean a loss in the integrity of the LL and hence the market value. This study 
investigated the use HSI to quantify the average IMF within the LL using 
spectral information from the thoracic end.
Methods
Whole bone-in Pork LL (n = 48) were obtained over a period of three months 
from a butcher in Montreal, Canada. LL was prepared according to the pork 
carcass cut standard of the Canadian Pork buyer’s Guide.   A straight cut 
was made between the 4th and the 5th rib to obtain the scan cut. A typical 
surface of the scan surface is shown in Figure 1. Images were acquired on 
the cut using an HSI camera (Headwall Photonics, USA, 900–1700 nm) at 
the Department of Bioresource Engineering, McGill University. Spectral data 
was extracted from the main loin (LON), Serratus ventralis (STV) and Spi-
nalis dorsi (SND), backfat (BFT), and the center rib bone (RBN) all at the 
thoracic end of the LL.  IMF evaluation was carried out on the last three rib 
cuts using a Soxhlet extractor (SER 148-6; Velp Scientifica, Usmate, Italy). 
Fusion strategies were applied to fuse the spectral information from the dif-
ferent parameters. Partial least square regression was used to develop the 
calibration models (n = 34) and used for the prediction of the remaining 

samples (n= 14).
Results
Figure 2. shows the spectral characteristics of the spectral extracted from 
the five parameters on the LL. Results show that the coefficient of determi-
nation (R2) and root mean square error (RMSE) in the calibration was 0.949 
and 0.606 (%), respectively. Model performance evaluation on prediction 
samples revealed R2 and RMSE of 0.898 and 0.940 %, respectively (Figure 
3). We tested various models, individually and in their combination for pre-
dicting the average IMF of the entire LL. However, the models based on the 
fusion of the LON, SND, STV, BFT, and RBN provided the optimum result 
(Figure 2). We have used spectral information from the individual parame-
ters, and none of them in isolation was able to accurately predict the average 
IMF of the entire LL. Even the loin muscle information obtained at the third 
rib surface gave a weak correlation with the average IMF of the entire loin 
This finding has revealed that there may be several carcass parts, tissues 
or group of tissues that spectral information could potentially be used in the 
prediction of the average IMF in the LL.
Conclusion
In this study we have used spectral information from different parameters on 
the LL to predict the average IMF. The result has demonstrated that HSI is 
an appropriate technique that could be applied for IMF quantification in the 
entire LL. Its application in the pork industry will not only safe labor cost but 
also keep away hazardous chemicals used for IMF quantification.
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Figure 3 Plot of predicted and measured IMF (%) (red color) with cal-
ibration data (grey color)

 

 
Figure 2 Spectral plot of the five parameters on the longissimus lum-
borum used to estimate the average IMF 

 
Figure 1The original longissimus lumborum viewed at the thoracic end 
and showing the parameters from which information was collected
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Mobile suitcase lab for rapid molecular identification for meat adulteration (#441)

Jonas Kissenkötter1, Susanne Böhlken-Fascher1, Matthew S. Forrest2, Olaf Piepenburg2, Claus-Peter Czerny1, Ahmed Abd El Wahed1

1 Georg-August-Universität Göttingen, Department of Animal Science, Division of Microbiology an Animal Hygiene, Göttingen, Germany; 2 TwistDX Limited, Cambrige, UK

Introduction
Identification of animal species in meat products is crucial to prevent adul-
teration and unnecessary takeover during processing. Real-time PCR is the 
method of choice in performing meat quality control, however, this can only 
be performed at highly equipped laboratories. There is a need to a simple 
on-site rapid detection method. Therefore, in this study, four rapid molec-
ular assays based on recombinase polymerase amplification (RPA) for the 
detection of pork, horse, chicken and turkey DNA in meat products were 
established.
Recombinase polymerase amplification is a promising technology to imple-
ment molecular diagnostic at the point of need outside a diagnostic facility. 
This isothermal and enzymatic depending DNA amplification method is car-
ried out between 39 and 42 °C and results are available within 10 minutes. 
For DNA amplification, the recombinase binds to the target specific primers 
(length from 30 to 35 base pairs) and this complex invades the DNA dou-
ble strand at the complementary site. The reaction is stabilized with single 
strand binding proteins, which tie up the opposite DNA strand to avoid any 
interference with the extension by the strand displacing DNA polymerase. 
For real-time detection, an exo-probe is employed, which is sliced by an 
exonuclease upon binding to analogue sequence leading to a fluorescence 
signal, which can be measured by a portable device.
For the DNA detection in meat and its products porcine, chicken and tur-
key mitochondrial ND2 and equine ATP 6-8 genes were selected as target 
genes.
Methods
In total, 20 pork and each nine horse, chicken and turkey primer combination 
were tested for their sensitivity. As amplicon a DNA standard of 300 base 
pairs for all target genes were synthesized by GENEART AG (Regensburg, 
Germany) and used with a concentration of 105DNA Molecules/µl for the 
primer testing. The best primer combinations of each assay were tested for 
their analytical sensitivity with a tenfold dilution range of the corresponding 

DNA Standard (102 – 100DNA molecules/µl). This was repeated eight times 
for each assay and by applying a probit regression analysis using STATISTI-
CA software (StatSoft, Hamburg, Germany) the limit of detection in 95 % of 
the cases was calculated.
The specificity of the four assays was verified with Genomic DNA of pork, 
horse, cattle, chicken, donkey, turkey, duck, sheep, goat and rabbit pur-
chased from Eurofins GeneScan Technologies GmbH (Freiburg, Germany) 
and vacuum-packed meat of eight animals (pork, cattle, chicken, turkey, 
duck, horse, lamb and rabbit), which was obtained form a supermarket chain.
In the next step, the pork and horse RPA assays were used to examine the 
influence of the red colour of meat juice and background DNA of other (an-
imal-) source on the assays performances. In addition, these two assays 
were validated by screening fresh meat mixtures. Beef fresh meat was mixed 
with 10, 5, 1, 0.5 and 0.1 % of meat from the other animal sources. All proce-
dure was conducted in a solar powered mobile suitcase laboratory.
Results
The horse, chicken, pork and turkey RPA assays detect one, two, 16 and 30 
DNA molecules/µl, respectively. The assays speed was between six to elev-
en minutes. No cross-reaction with other species was observed. The RPA 
assay performance was not influenced by the myoglobin in the meat juice, 
while a one log decrease in the assay sensitivity was recognized due to the 
presence of high background-DNA. The pork and horse assays detect down 
to 0.1 % contamination of their target DNA in meat mixtures.
Conclusion
Four highly sensitive and specific RPA assays for the detection of pork, 
horse, chicken and turkey DNA were developed. The simplicity of the RPA 
technology makes the RPA assay very suitable for a mobile detection on-
site. Thus, control of adulteration in meat and their products could be taking 
place directly during the production process or at the supermarket.
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Estimation of the tissue composition of bellies by a magnetic induction scanner (#491)
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1 IFIP - Institut du porc, Le Rheu, France; 2 LENZ Instruments SL, Barcelona, Spain; 3 Agrocampus Ouest, Irmar, UMR 6625 CNRS, Rennes, France

Introduction
The objective of the study was to develop models and assess the estimation 
error of bellies composition using a magnetic induction device.
Magnetic induction, which principle takes advantage of the dielectric prop-
erties of tissues, was successfully tested by Swan et al. (2001) on bellies, 
hams and shoulders. Simoncini et al. (2012) estimated fat and muscle com-
position of hams with a more recent device. In the following, we draw con-
clusions based on experimental data on the extent to which such a device 
can be used to grade bellies.
 
Methods
In a meat plant 80 bellies were selected based on a visual evaluation of their 
fatness level. For each of the four fatness levels (E, 1, 2, 3, from the leanest to 
the fattest) 20 bellies were selected.
The bellies were analysed by a magnetic induction scanner, called HAM-In-
spector IITM, which was developed by Lenz Instruments S.L. (Barcelona, 
Spain). For each belly, the output described the magnetic induction signal 
along the cut.
The day after, the bellies were weighed and scanned by an X-ray tomograph 
(CT) used as a reference method for tissue composition. The CT images 
were segmented according to the procedure developed by Daumas and 
Monziols (2011) to calculate the weights and proportions of muscle and fat 
tissues.
For each of these four dependent variables a regression model was fitted 
based on the cut’s weight, some standard geometrical parameters of the 
magnetic induction signal (maximum amplitude, area under the signal), 
and shape parameters extracted from a B-spline decomposition of the nor-
malised (same length and maximal amplitude) magnetic induction signals.
In addition, based on the same profile of explanatory variables, a classifica-
tion model for the fatness level of bellies was developed using a multinomial 
logistic regression.
Statistical analyses were performed with the R software (R Core Team, 2018).
 
Results
The means, standard deviations, and extreme values for tissues weights and 
proportions in bellies are shown in Table 1.
 
Table 1 – Summary statistics of bellies composition (n = 80)

Dependent Vari-
able

Mean Standard Devia-
tion

Minimum Maximum

Muscle weight, g 3816 457 2568 4757

Fat weight, g 2835 815 1263 4584

Muscle content, 
%

55.6 6.45 42.8 67.0

Fat content, % 39.9 5.79 30.0 51.7

 
Model selection procedures aiming at the minimization of the Bayesian 
Information Criterion lead to models including four to six explanatory vari-
ables. Among these variables there were one or two shape parameters of 
the normalised curves (Table 2). The highest adjusted coefficient of determi-
nation (Adj. R2 = 0.94) was achieved for the fat weight. The other adjusted R2 

ranged from 0.76 to 0.80, which was partly due to non-optimal measurement 
conditions.
Similarly, the model established by Swan et al. (2001) accounted for 78% of 
the variance in muscle weight.
 
Table 2 – Summary statistics for best fit models for the assessment of 
bellies composition (n = 80)
Dependent variable Explanatory variables a Adjusted R2 Residual Standard De-

viation

Muscle weight, g W, 1/W, P, A, B14, B15 0.78 214

Fat weight, g W, 1/W, A, B14 0.94 207

Muscle content, % W, 1/W, P/W, A/W, B14, 
B15

0.80 2.89

Fat content, % W, 1/W, A, B14 0.76 2.84
a W: belly weight, P: maximum amplitude, A: area under the signal, B14 and B15: 
shape factors.
 
As an example, the scatterplot of “fitted vs observed response values” is 
shown for the percentage of belly fat in Figure 1.
Bellies classification performance results are summarized in Table 3. The 
overall rate of well ranking was 88%.
 
Table 3 – Confusion matrix for the classification model (a)

  Estimated class

Observed class E 1 2 3

E 95% 5% 0% 0%

1 5% 95% 0% 0%
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2 5% 15% 75% 5%

3 0% 0% 15% 85%
a From class E (the leanest) to class 3 (the fattest).
 
Conclusion
Models for belly composition using a magnetic induction scanner were 
found to be more accurate for muscle and fat weights than for muscle and 
fat contents. Shape parameters deduced from a spline approximation of the 
magnetic induction signals have been found to be insightful explanatory 
variables.
These first results are promising for further use of magnetic induction devic-
es to grade bellies, and possibly other cuts.
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vs observed (X-Ray tomography)



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

519

Notes
P-07-26 

A robot and sensor platform for consistent measurements of beef shortloin cross-sections with a variety of optical 
sensors. (#571)

Sam Hitchman1, 3, Kit Wong2, Luke Holibar2, Yash Dixit1, 3, Mark Loeffen4, Cameron Craigie1, 3, Patrick Lim2

1 AgResearch Ltd., Food and Bio-based products, Meat quality, Palmerston North, New Zealand; 2 Callaghan Innovation, Auckland, New Zealand; 3 The Dodd-Walls Centre for Photonic and Quantum 
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Introduction
 We present a proof of concept robotic platform that autonomously acquires 
measurements with a variety of different non-contacting, all-optical sensors. 
Often optical sensors have strict requirements to collect quality data, in-
cluding sample offset distance, lighting and even translation of the sample 
during scanning. All these requirements can be addressed in real time using 
a suitable robotic arm and sensor platform, whilst simultaneously reducing 
the amount of sample handling. Robotics and light-based sensors are in-
creasingly used in food processing to improve speed, precision and hygiene 
(Meshram BD, 2018). Our robotic and sensor platform allows for fast and 
repeatable multi-sensor scanning of in-tact meat samples. Contour mapping 
of the sample surface adaptive scanning, which is particularly important for 
sensors that are highly sensitive to sample offset distance, such as Raman 
spectrometers and hyperspectral cameras. In addition, a GUI allows for user 
selection of regions of interest to be assessed in greater detail. In a research 
setting, the consistency of data collection between sensors allows for ob-
jective comparisons of the performance of each sensor to predict the food 
quality attributes.
Methods
Our robotic platform includes a range of point and wide area optical sensors 
and a robotic arm used to move the sample between the sensors. Figure 
1 shows a block diagram of the robot and sensor platform, and Figure 2 
shows schematic of the final setup. The entire platform is encased in black-
out curtains to reduce interference from eternal light sources. We used the 
platform to collect a series of measurements on 364, 100mm X 100mm cross 
section cuts of beef shortloin. The samples ranged in IMF from 0.6-19.36%, 
pH from 5.2-6.95 and adjacent steaks were used to measure the tenderness 
at 7, 14 and 21 days ageing analysed according to MIRINZ tenderometer pro-
tocol. Samples are first placed by hand onto a polystyrene tray, then onto 
the robotic arm. The robotic arm moves the samples to a three dimension 
mapping camera (C. K. Wong, 2011). The surface contours of the sample 
are measured, and the GUI allows the user to select the co-ordinates of the 
sample to be measured by each sensor. These co-ordinates are passed to 
the robot arm and adapted to each of the individual sensors co-ordinate 
system. Autonomous scanning of the sample is then initiated. The robot arm 
moves the sample to each sensor and indicates to start data collection via 

an Arduino micro-controller. Simultaneously, pneumatic shutters and LED 
lights are activated to control the lighting for each sensor if required. Our 
proof of concept system includes 3 HSI cameras, an NIR spectrophotome-
ter (Labspec4, ASD Inc.) and Raman spectroscopy point sensor. A Xenics 
XEVA 1.7-320 hyperspectral camera, denoted HSI Linscan in Figure 1, and 
the Raman point sensor require translation of the sample during scanning. 
The required distance between sensor and sample ranged from 5mm for the 
Raman sensor and 370mm for the HSI linescan sensor.
Results
While scanning with the HSI linescan sensor the robot arm translated the 
sample at a rate of 11 mm/s in order to cover a sample length in less than 10 
seconds. Similarly, the sample was translated in a spiral pattern at a linear 
velocity of 110mm/s for the Raman point sensor to collect data over most of 
the sample surface in this time frame. Samples were moved between sen-
sors at a rate of 250mm/s, and the total time for loading of the sample and 
data collection with the 5 optical sensors was estimated to be ~90 seconds. 
As this an improvement over previous protocols where a person is required 
to position the sample for each sensor. The accuracy of the sample surface 
mapping and robot arm positioning was validated to be +-1mm. Figure 3 
shows an example of the 3D mapping of a cross section beef shortloin cut. 
Black areas indicate where the distance from the camera could not be de-
termined. Because of the consistency of measurements across the sensors, 
combinations of the available spectroscopic data have been used to build 
models to predict meat quality parameters using multiblock partial least 
squares regression (MB-PLSR). Two thirds of the samples are used to gen-
erate the predictive models (calibration data set) and the remainder are used 
to check the performance of the model (validation data set). Intramuscular 
fat percentage (IMF%) and pH predictive models were produced, with r2 val-
idation of 0.87 for IMF% and 0.91 for pH, with a mean square error of 1.416, 
and 0.021 respectively.
Conclusion
We present a robot and sensor platform to collect consistent measure-
ments across samples with a variety of optical sensors. This proof of 
concept system was applied to measurements of many beef short-
loin samples. Because of the consistency between sensor data, ro-
bust models were created using multi-block PLSR for both IMF% and 
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Example of 3D mapping of a beef short loin cross section.
Figure 3. Example of 3D mapping of a beef short loin cross section. Black 
areas indicate where the distance from the camera is not measured. 
The GUI allows the user to select points on the sample to be scanned.

 
Schematic of the robot and sensor platform.
Figure 2. Schematic of the robot and sensor platform. The robot is placed 
in the centre of an aluminium frame, to which the sensors are attached. 
The frame is covered in black out curtains before scanning begins.

 
Robot and sensor block diagram
Figure 1: Robot and sensor block diagram. The robot arm communicates 
with each sensor unit via an arduino micro-controller. Lighting of 
the sensors is also controlled by opening/closing shutters and acti-
vating LED lights. A 3D mapping camera measures the contours of the 
sample and computes the co-ordinates to be measured. These co-ordi-
nates are passed to the robotic arm and autonomous sensing begins. 
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A new quantification method for iridescence in meat products by digital image analyses (#578)

Chiara Rüdt, Monika Gibis, Kurt Herrmann, Jochen Weiss
University of Hohenheim, Department of Food Physics and Meat Science, Institute of Food Science and Biotechnology, Stuttgart, Germany

Introduction
Surface iridescence is a physical phenomenon often found in meat products 
consisting of intact muscle tissue. Consumers often misinterpret the rain-
bow-colored shine as bacterial spoilage or an undesired addition of chemi-
cal additives. Evaluating the extent of iridescence is conventionally done by 
a sensory analysis. However, this analysis is time-consuming and cost-in-
tensive, and the data quality highly depends on the experience and training 
of the test panelists. An alternative to this is a low-cost, rapid and objective 
digital image analysis. This study describes the development of an image 
analysis method for quantification of iridescence in meat products.
Methods
In this study, cooked pork hams produced from longissimus thoracis et lum-
borum were sliced perpendicular to the muscle fiber orientation to a thick-
ness of about 1 cm. An image acquisition system (Fig. 1) that allows adjust-
ment of the observation angle, illumination angle and sample orientation was 
constructed to observe maximum iridescence. Two different segmentation 
techniques (global thresholding and k-means clustering algorithm) were 
tested for their capability to segment digital images of cooked pork ham 
into iridescent and non-iridescent regions. The extent of iridescence was 
calculated as the ratio of iridescent area to total area. Results of digital image 
analysis were compared to the results obtained by conventional sensory 
analysis (n = 20).
Results
Digital image analysis with both segmentation techniques segmented im-
ages correctly (Fig. 2). There were no significant differences (p>0.05) 
between the iridescent area in pixels and the area percentage calculated 
by thresholding or clustering algorithms. Clustering segmentation yielded 
slightly higher iridescent areas than thresholding segmentation with a mean 
difference of 1.24 %. The image analysis with both segmentation techniques 
yielded good results for determining the extent of iridescence compared to 
the results obtained by sensory analysis. Concordance analysis was per-
formed by calculating Cohen´s ∝ coefficient. Image analysis with thresh-
olding segmentation had a kappa coefficient of 0.800, thus showing an ex-
cellent correlation between the image and sensory analyses. These results 
indicate that digital image analysis is a suitable new method for objective 
quantification of surface iridescence in meat and meat products. Neverthe-
less, an objective quantification also requires a clear distinction between the 
iridescent and non-iridescent surfaces as well as a high segmentation qual-

ity. In our study, we used the color attributes (hues) to segment images into 
foreground (iridescent area) and background. Swatland (1984) reported that 
green, orange-red and yellow iridescence are the most common colors in 
cooked beef samples. Our own observations showed mainly yellow and gold 
iridescence on cooked pork ham that differed from the original product sam-
ple. Therefore, the use of the color attribute suited well for our quantification 
method. It should be noted that an iridescence color similar to the product 
color would not be identified as iridescent area and therefore quantification 
would result in lower iridescence.
Conclusion
This research showed the successful development of an alternative, objec-
tive quantification method for surface iridescence in meat products. This 
was achieved by the construction of an image acquisition system that allows 
adjustments of measuring geometry that can take the angle dependency of 
iridescence into account. A simple, rapid and low-cost image analysis meth-
od applying global thresholding segmentation algorithm was implemented 
successfully to calculate iridescent areas. In summary, this new method is 
an interesting alternative or addition to the conventional sensory analysis for 
quantification of surface iridescence not just in cooked pork ham but also 
in other meat and meat products by selecting appropriate settings for the 
image acquisition and processing.
References
Swatland, H. J. (1984). Optical characteristic of natural iridescence in meat. 
Journal of Food Science, 49(3), 685-686.
Wang, H.  (1991). Causes and solutions of iridescence in precooked meat. 
Ph.D. dissertation, Kansas State University, Manhattan.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

522

Notes

 
Figure 2: Segmentation of iridescent ham samples with different seg-
mentation techniques Preprocessed images of iridescent cooked ham 
samples and binary images after segmentation with global threshold-
ing and k-means clustering algorithm. White pixels represent the 
foreground (=iridescent areas), black pixels represent the back-
ground

 
Figure 1: Image acquisition system Schematic representation of the 
image acquisition system
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Influencing wavelength comparison in pls models for the prediction of pork meat quality by VIS-NIRS (#613)

Antoine Vautier
IFIP, Meat Quality, Le Rheu, France

Introduction
For the needs of a running project dealing with hyperspectral imaging, we 
wanted to define the spectral range specifications of the device being built. 
The reference parameters we expect to predict on pork meat cover a wide 
diversity parameters: pH, drip loss, cooking yield and intramuscular fat. In 
previous studies focusing on VIS-NIRS (Visible and Near Infra Red Spec-
troscopy) prediction of the meat quality, we mainly used the 350-1800 nm 
spectral range of a Labspec4 spectrometer (ASDI). Because this spectral 
range seems to be too wide for a single ready-to-use hyperspectral camera, 
we decided to take another look on our previous NIRS studies and investi-
gate which wavelength are the most predictive. The objective was to make a 
comparison of the influencing wavelength that are included in the PLS pre-
diction equations, for each of the meat quality parameters we had studied.
Methods
A spectrum data base was built with the help of 3 previous studies concern-
ing the prediction of ham cooking yield (n=170, [1][3]), ultimate pH of the 
Semimembranosus (Sm) (n=155, [1][3]), drip loss of the Sm (n=45, [3]) and 
intra muscular fat (IMF) of the Longissimus Thoracis (LT) (n=100, [2]). Drip 
loss was determined according to EZ method [4] and IMF was obtained fol-
lowing free fat content analysis (NFV-04-403). Ham cooking yield was per-
formed following “Jambon Cuit Superieur” standards [5]. The partial least-
square (PLS) models developed previously were loaded in the Eigenvector 
PLS Toolbox 7.5 running on MATLAB 7.9.0 R2009b software. The determina-
tion of the most influencing wavelength was performed with the Selectivity 
Ratio procedure [6].
Results
There is a strong gap in the selectivity ratio curves between the IMF pre-
diction model and the other meat quality parameters models (figure 1). IMF 
selectivity ratio curve has 2 peaks from 950 nm to 1400 nm and from 1550 
nm to 1700 nm. These peaks are in agreement with the spectral absorption of 
the C-H bonds of fatty acids [7]. For the other variables, 3 peaks could be re-
ported but in the 600-1300 nm range. The visible part of peaks (600-800nm) 
is in accordance with the high correlation level found between the meat color 
and its ultimate pH and water holding capacity. As for the 1100 nm and 1300 
nm peaks, it could be linked with a combination of absorption bands of water 
(O-H bond; 980 and 1450 nm) and proteins (stretching harmonics of N-H 
bond; 1350 to 1610 nm). 
Three types of selectivity ratio curves can be distinguished in the 600-1300 

nm range. Concerning the prediction of ultimate pH, the shape of the curves 
from 2 different studies [1][3] are very similar. This indicates a high level of 
robustness of the NIRS models. The same conclusion can be released re-
garding the influencing wavelength of the cooking yield models: the curves 
are different from the pH curves with a stronger peak in the visible spectrum 
(700 nm), but the shape is also highly repeatable between the 2 studies [1]
[3]. Finally, for the drip loss prediction we can notice that visible spectrum is 
less influencing the model than what we found for ultimate pH and cooking 
yield.
Conclusion
The analysis of the most influencing wavelength of VIS-NIRS models previ-
ously developed gave us an overview of the spectral range involved in the 
prediction of the meat quality. For upcoming developments with hyperspec-
tral imaging, we can conclude that we need to keep the full VIS-NIR spec-
tral range (350-1800 nm). The next acquisition system we are working on 
will certainly need the fitting of 2 hyperspectral cameras (Specim FX10 and 
FX17) to cover this spectral range.
References
1. Vautier A., Lhommeau T., Daumas G. 2013. A feasibility study for the 

prediction of the technological quality of ham with NIR spectroscopy. 
64th EAAP.

2. Vautier A., Lhommeau T., Chevillon P. 2015. Nirs prediction of intramus-
cular fat content of pork loins: effect of the acquisition surface. 61st 
ICOMST.

3. Vautier A., Pieper T., Lhommeau T., Petersen H., Christensen M. 2017. 
Prediction of drip loss and ultimate ph in pork semimembranosus by the 
nitfom. 63rd ICOMST.

4. Rasmussen A., Andersson M. 1996. New method for determination of 
drip loss in pork muscles. 42nd ICOMST.  

5. Vautier A., Bozec A., Gault E., Lhommeau T., Martin JL, Vendeuvre JL. 
Visible spectroscopy and redox potential as alternatives of ultimate pH 
for cooking yield prediction. 57th ICOMST.

6. Rajalahti T, Arneberg R, Berven FS, Myhr K-M, Ulvik RJ, Kvalheim OM. 
2009. Biomarker discovery in mass spectral profiles by means of selec-
tivity ratio plot. Chemometr. Intell. Lab. Syst. 95(1): 35–48.

7. Prieto N., Roehe R., Lavín P., Batten G., Andrés S. 2009. Application of 
near infrared reflectance spectroscopy to predict meat and meat prod-
ucts quality: A review. Meat Science 83:175–186.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

524

Notes
Acknowledgement
This work has been supported by the France Ministry of Agriculture.

 
Figure 1. Comparison of selectivity ratio curves from PLS models of 
prediction of cooking yield, drip loss, ultimate pH, and intramuscu-
lar fat. (GM: Gluteus Medius, Sm: Semimembranosus, LT: Longissimus 

Thoracis). [Reference number] 
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Differentiation of muscle fiber types by Raman spectroscopy (#615)
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Introduction
Raman spectroscopy has been shown to be a promising technology for the 
non-invasive determination of meat quality traits and for the characteriza-
tion of muscle food. As the distribution of fiber types within the muscle is 
influencing the post-mortem characteristics of meat, it was interesting to 
assess whether Raman spectroscopy can be used for a rapid determination 
of muscle fiber types because conventional histology is time consuming due 
to the staining procedures. Muscle fibers are, in general, classified as slow 
twitch oxidative (STO, dark fibers), fast twitch oxidative (FTO, intermediate 
fibers) and fast twitch glycolytic (FTG, white fibers). It was hypothesized 
that the hem content of oxidative fibers can be used for the distinction from 
glycolytic fibers.
Methods
The semimembranosus muscle (SM) was chosen from five female pigs of 
German Landrace x Pietrain crossbreeds. The animals were commercially 
fed to slaughter weights of approx. 100 kg. Samples for staining and confocal 
Raman microscope scanning were taken at day 1 and 3 p.m. and they were 
snap frozen in isopentane cooled with liquid nitrogen. Serial cross sections 
of 12 µm thickness were cut with a cryotome. Some sections were stained for 
muscle fiber types using combined NADH-tetrazolium reductase/ATPase 
staining and adjacent non-stained cuts were used for Raman scanning. For 
each fiber type (STO, FTO and FTG) seven fibers were randomly selected 
and five Raman spectra were recorded at different positions with a confocal 
Raman microscope (LabRam HR, Horiba) with 532 nm excitation using res-
onance Raman scattering. In this way, 35 Raman spectra were obtained per 
fiber type and animal.
The potential for a differentiation by Raman spectra was further analyzed 
with principal components analysis (PCA) and partial least-squares discrim-
inant analysis (PLS-DA) using MATLAB 7.9.0 R2009b software (The Math-
works Inc., Natick, MA, USA) and PLS toolbox 6.2 (Eigenvector Research 
Inc., Wenatchee, WA, USA).
Results
The results show differences in the Raman spectra between the three fiber 
types based on the intensities of characteristic hem signals (marked by ar-
rows, Figure 1, averaged spectra per fiber type). As expected, the intensities 
of these signals were on average highest in the oxidative fibers (STO and 
FTO) and lowest in glycolytic fibers (FTG). However, PCA revealed that vari-
ance between animals had a large impact on the spectra. STO fibers could 

be discriminated to some extent from FTG fibers based on hem signals, but 
a clear discrimination of FTO fibers was not feasible using PLSDA.
Conclusion
The results confirm that resonance Raman spectra with excitation in the 
green spectral range can discriminate oxidative fibers from glycolytic fibers 
based on their hem signals. However the differences in the hem signal in-
tensities (i.e. the hem content) between the three fiber types was not large 
enough or too variable for a clear discrimination of FTO fibers. Reasons are 
the bias by the animal and the limited number of spectra collected per fiber 
type. Further analysis of the spectra should focus on a larger number of 
fibers/positions so as to account for the variance in the muscle and also 
include other molecular constituents which could be useful for differentiation 
between the different muscle fiber types. As these Raman signals are to a 
large extent masked by hem signals in this experiment a non-resonant exci-
tation wavelength could be useful to evaluate this
. 

 
Figure 1 Averaged Raman spectra for fast twitch glycolytic (FTG), fast 
twitch oxidative (FTO) and slow twitch oxidative (STO) muscle fibers 
in m. semimembranosus; arrows indicate selected hem signals
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Expansion of skeletal muscle cells in lab-bench bioreactor – One step closer to cultured meat (#616)
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Introduction
There is an increasing pressure on the world’s livestock sector to meet the 
growing demand for high-value animal protein. A revolutionary new alterna-
tive to the traditional way of producing animal protein is cultivation of muscle 
cells outside the living animal in a bioreactor, thus bypassing animal pro-
duction. Optimistic estimations suggest that using this modern technology, 
10 000 kg cultured meat can be generated from as little as 1 g of beef muscle. 
The methodology for culturing meat is inspired by techniques used for med-
ical purposes such as tissue reconstruction of damaged muscle tissue and 
large-scale production of biopharmaceuticals using mammalian cells. Al-
though bioreactors are widely used for large-scale production of biopharma-
ceuticals using mammalian cells, this technology must be modified before 
it can be used for edible animal protein production. The basic technology 
includes the following steps: 1) Sample and harvesting of the muscle stem 
cells, 2) multiplying the number of cells in a bioreactor (expansion), and dif-
ferentiation of the satellite cells into muscle cells and fibers, before 3) assem-
bly into a final food product (See figure for overview). However, large-scale 
bio-production of animal proteins needs to become more efficient than the 
2D standard technique used for culturing cells in the laboratory. It is difficult 
to grow enough amounts of viable muscle cells, since the muscle cells are 
adherent, and efficient muscle growth depend on optimal growth conditions 
including enough nutrients and an appropriate microenvironment
Our aim is to expand skeletal muscle cells in a lab-bench bioreactor for 21 
days to get one step closer to cultured meat.
Methods
We isolated bovine skeletal muscle cells from newly slaughtered cattle at an 
industrial abattoir using a well-established method. Previous work demon-
strate that it is possible to culture bovine muscle cells in small bioreactors 
(up to 250 ml) using microcarriers to achieve high surface area to voulme 
ratio. We have up-scaled this culturing to bench bioreactors (up to 700 ml), 
using commercial Cytodex®1 microcarrier beads from Sigma-Aldrich, us-
ing two seeding conditions: 1) 650 cells/cm2 microcarriers. The pH was set 
to 7.8, DO to 35%, sparging with a combination of gases (CO2, NO2 and 
compressed air), temperature 37°C and agitation 40 RPM. 2) 1800 cells/cm2 
microcarriers. The pH was set to 7.3, no spargin, but using a set combination 
of overhead gases (CO2, and compressed air), temperature to 38°C and agi-
tation 40 RPM. Parameters analyzed included glucose consumption, lactate 
production as well as DNA and cell growth.

Results
We demonstrated that the bovine skeletal muscle cells were able to attach 
to the beads and that the cells were multiplying in both seeding conditions. 
We also observed that not only did the number of empty beads drop, also 
the number of beads with more than 3 cells attached increased. The cells 
consumed glucose and produced lactate demonstrating cell activity after as 
long as 20 days. Although we did observe initial cell growth and live cells 
during the whole period for the first alternative seeding condtions, the cells 
reached senescence, and we had a challenge with foaming.  Foaming was 
produced from day 1. The seeding conditions were important for cell expan-
sion as the cell growth and DNA amount increased more using the second 
alternative, and no foaming was produced. 
Conclusion
One of the main challenges during our experiments using the first seeding 
alternative was the foaming, leading to microcarrier losses from the biore-
actor. This probably also had impact on the medium composition. Second-
ly, a major challenge with these cells, is how to achieve a longer and op-
timised expansion period. Our preliminary results show that although the 
cells did multiply, they reached senescence and started dying after some 
time. The reason for this could be to low seeding densities,   the micro-
carrier losses  or medium composition changes due to foaming. The sec-
ond seeding alternative, using higher amount of cells pr cm2 microcarrier, 
lower pH and no sparging overcame the foaming problems and we did 
observe higher  cell growth. Overcoming these optimisation  challenges 
is vital in order to efficiently produce animal proteins as feeding strategy. 

 

Workflow Sustainable production of animal proteins
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P8 and rib fat depth measurement on beef carcase using a portable microwave system (#623)

Jayaseelan Marimuthu, Graham E. Gardner
Murdoch University, Murdoch, Australia

Introduction
Non-invasive and non-destructive measurements of fat depth are sought 
after within the beef industries, as overfat carcases cause significant eco-
nomic loss and wastage for processors. Within the Australian beef industry 
fat depth is measured manually, however this has the disadvantage of being 
destructive, subjective and time-consuming [1]. Since biological tissues in 
animals, feature a high contrast in their dielectric properties (skin, fat, and 
muscle) at microwave frequencies [2], this represents an opportunity to dif-
ferent fat from lean and thus estimate fat depth and body composition of 
carcases and live animals. This concept has been tested in lamb carcases 
where a low-cost portable Microwave System has been developed for mea-
suring C-site back fat depth [3]. This paper details the testing of a similar 
device in beef, where we hypothesised that it would accurately predict P8 
and rib fat depth in beef carcases.
 
Methods
Two groups of Angus steers (Kill 1, n=56; Kill 2, n=144) were slaughtered 
at a commercial abattoir on the same day. Their left-side carcase weights 
ranged between 115-185kg, P8 and rib fat depths ranged between 4-20mm 
and 2-17mm, measured using vernier callipers. The P8 site was measured 
40min post-mortem, and was simultaneously scanned using two portable 
Microwave Systems. The first (MiS1) operated at frequencies of 100 MHz to 
6.5 GHz with output power -10 dBm, and was coupled with an open-ended 
coaxial probe. The second (MiS2) operated at 100 MHz to 5.4 GHz with out-
put power -10 dBm, and was coupled with a periodic-log antenna. The rib fat 
site was measured 24hr post-mortem, and also scanned using a portable 
Microwave System (MiS3) operated at frequencies of 100 MHz to 6.5 GHz 
with output power -10 dBm, and was coupled with a Vivaldi Patch Antenna. 
In all cases data was captured in 10MHz intervals, resulting in 641 calibrated 
and processed frequency domain signals for the MiS1 and MiS3, and 531 for 
the MiS2.
These signals were then used to estimate the P8 and rib fat depth via Partial 
Least Squares Regression. Initially a leave-one-out cross validation proce-
dure was used to train a model for each measurement site within each kill 
group, with R-square (R2) and root mean square error (RMSE) shown as in-
dicators of precision. To further test transportability, the MiS1 models trained 
in one kill group were validated in the other, with this process repeated for 
the MiS2 and MiS3 models. In this case the R2 of the prediction and root 

mean square error of the prediction (RMSEP) are shown as indicators of 
precision, and slope of the relationship and bias estimates indicate accuracy. 
Bias represents the difference between the predicted and actual values at 
the mean of the dataset.
Results
The internal cross-validation within individual data sets demonstrated good 
precision for the prediction of P8 fat depth in hot carcases 40min post-mor-
tem using both MiS1 and MiS2 (Table 1). This was evident within both kill 
groups, with RMSE values ranging between 0.93mm to 2.76mm. Measure-
ments taken using the MiS2 demonstrated better precision than for MiS1, a 
trend evident in both Kill 1 and 2 (Table 1). Measurement of rib fat depth in 
cold carcases using MiS3 demonstrated precision that was comparable to 
the other systems, although described proportionately less of the variance 
(R2 = 0.58 & 0.48).
Further validation testing across data sets demonstrated some loss in pre-
cision compared to internal validation testing, particularly for the P8 predic-
tions (Table 2). Alternatively, there was little loss of precision for the rib fat 
depth measurement.
Although all three systems demonstrated reasonable accuracy, with slope 
values all close to 1, and bias values deviating little from zero. The largest bias 
values were for the rib fat measurement taken on the cold carcase, which 
approached 2mm.
 
Conclusion
This study demonstrates the capacity of a proposed portable microwave 
system to estimate P8 and rib fat depth in beef carcasses non-invasively. 
The results suggest that a range of different probe/antenna hardware can be 
used for hot and cold carcase measurement to predict fat depth within the 
carcass. Future research will investigate the development of a microwave 
probe for multi-site profiling of carcase and live animal back fat.
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Table 1 Precision estimates for the prediction of P8 (hot carcase) and 
Rib (cold carcase) fat depth across 2 kill groups of Angus. Values 
are R-square (R2) and root mean square error (RMSE).

 

 
Table 2 Precision and accuracy estimates for the prediction of P8 (hot 
carcase) and Rib (cold carcase) fat depth in 2 kill groups of Angus 
steers, where models were trained in 1 kill group and validated in the 
other. Values are R-square (R2) and root mean square error (RMSEP) of 
the prediction, bias and slope of the relationship.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

529

Notes
P-07-32 

Validation of a pan-European computed tomography procedure for determining the new EU lean meat content of 
pigs (#626)

Gerard Daumas1, Mathieu Monziols1, Daiva Ribikauskiene2

1 IFIP - Institut du porc, Le Rheu, France; 2 Kauno kolegija / University of Applied Sciences, Kaunas, Lithuania

Introduction
A new EU regulation on carcass classification applies from July 2018. The 
new reference to calibrate the pig classification methods is a lean meat per-
centage based on total dissection (LMPtd) of a half-carcass. Manual dissec-
tion can be replaced by an unbiased computed tomography (CT) procedure. 
Daumas and Monziols (2018) calibrated a simple, accurate and robust CT 
method in order to make it useful internationally and at least in Europe. A trial 
for approval of grading methods in Lithuania gave the opportunity to validate 
this CT procedure.
Methods
The CT procedure was initially calibrated on 29 French pig half-carcasses 
sampled in 2008. Methods and results were described in Daumas and Monz-
iols (2018).
The same CT procedure and the same dissection procedure were applied 
on 12 Lithuanian half-carcasses sampled in 2018 in the framework of the 
approval of new pig carcass classification methods.
Both samples were CT scanned with 3 mm slice thickness and then fully dis-
sected according to the EU regulation. A specific procedure controlling the 
anatomical dissection (Nictou et al., 2014; Venet, 2007) was used to ensure a 
high reproducibility. The CT muscle volume was calculated by thresholding 
in the Hounsfield range 0-120 (Fig. 1). It was converted into muscle weight by 
applying a density of 1.04. The weight was divided by the carcass weight to 
obtain the lean meat percentage from CT (LMPct), in the same way as done 
for the LMPtd. LMPtd was regressed on LMPct.
Results
LMP means were lower in the Lithuanian sample than in the French sample, 
but standard deviations were higher (Table 1).
Table 1 – Descriptive statistics of the calibration (n=29) and validation 
(n=12) datasets
C a l i -
bration

Mean S t d 
Dev.

Min Max   Valida-
tion

Mean S t d 
Dev.

Min Max

LMPtd, 
%

58.9 3.8 53.0 64.8   LMPtd, 
%

55.2 5.1 46.8 61.2

LMPct, 
%

61.1 3.9 54.0 67.5   LMPct, 
%

57.0 5.3 47.6 63.9

 
As expected, in the regression of LMPtd on LMPct the intercept was not 
significant and thus removed. On the calibration dataset the slope of the 

regression (Fig. 2 left) was estimated at 0.965 (s.e. = 0.002) and its 95% 
confidence interval (IC95) was [0.960, 0.970]. The RMSE was 0.81. On the 
validation dataset the slope of the regression (Fig. 2 right) was estimated 
at 0.967 (s.e. = 0.007) and its 95% confidence interval (IC95) was [0.954, 
0.980]. The RMSE was 1.39.
The IC95 of the validation dataset contained the IC95 of the calibration data-
set, showing no statistical difference between the two slopes.
Conclusion
The CT procedure developed by IFIP in France was successfully used in 
Lithuania for the approval of new national pig carcass classification meth-
ods. It validates this CT procedure, of which the pan-European feature has 
been highlighted by the European Commission at the annual meeting of the 
expert group “Pig carcass classification” in April 2019 in Brussels. Hence-
forth, this unbiased CT procedure should be able to be used in any EU Mem-
ber State without any additional national dissection. This will allow to reduce 
the expenses and to simplify the approval process of classification methods. 
It should also increase the degree of harmonisation within the EU, by using 
a more reproducible reference method than the dissection.
Moreover, this CT procedure can be efficiently used for comparison of 
breeds, genotypes, feeding diets, etc. without any risk of bias intra modality.
 
References
• Daumas G., Monziols M. (2018). Towards a pan-European computed to-

mography procedure for determining the new EU lean meat content of 
pigs. In Proceedings 64th International Congress of Meat Science and 
Technology, 12-17 August 2018, Melbourne, Australia, article 6550.

• Nictou, A., Guintard, C., Betti, E. & Daumas, G. (2014). Anatomical dis-
section of the four main primal cuts. In: Ifip, Mémento viandes et char-
cuteries (pp. 1-24). Paris: IFIP.

• Venet, J. (2007). Contribution to the realisation of a CD-ROM on the 
reference European dissection of slaughter pig in view of classification: 
neck, front and hind shanks, jowl, posterior part of belly and anterior rib 
cuts. Thesis of Vet. Dr., ENVN Nantes.

 



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

530

Notes

 
Figure 1. Thresholding of muscle volume on Hounsfield histogram: 
transversal slice in the middle

 
Figure 2. Regression line of LMP from dissection (LMPtd) on LMP from 
CT (LMPct) Calibration dataset on the left side and validation data-
set on the right side. Blue area: 95% confidence interval of the 
slope.
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Augmented Reality for operator assistance (#630)

Lars B. Christensen1, Kasper Hald2, Morten A. Hass1

1 Danish Technological Institute, DMRI, Taastrup, Denmark; 2 University of Aalborg, Create, Aalborg, Denmark

Introduction
Augmented Reality is an emerging technology for backing of industrial ser-
vice and maintenance operations. The potentiality includes a hands-free 
support for complicated procedures with updated assistance to perform a 
specific maintenance task, e.g. replacement of a faulty component. The AR 
technology might also present advantages to the meat industry, exceeding 
the service application mentioned above: an assistance tool for the produc-
tion and quality inspection crew.
A range of platforms (channels) are available for the AR technology to com-
municate the augmented information to the user, including tablets, smart 
phones, video monitors, smart glasses and projectors. A range that provides 
different aspects of the potentialities: Interactive, updated information, con-
cealed details, hands-free assistance and dynamic updated data.
Quality inspection often includes identification of even very small, even dis-
closed defects, delicate details and corrective measures. Application of AR 
for such tasks has been benchmarked in a simulated trial environment and 
the most promising channel has been demonstrated in a meat
Methods
Four different candidates for an AR channel have been benchmarked for 
speed/capacity and precision and the best channel has been validated in a 
meat production tasks including contaminant detection and cutting recipe 
support.
The benchmark has been made with a simulated piece of meat where sub-
merged contaminants were inserted to mimic bone fragments in meat. The 
tested channels include a tablet, a set of smart glasses, a video projector 
and a video monitor. The operator performance is measured with a HTC 
VIVE based tracking system with a pointer attached to the controller. From 
the controller the 3D position of the pointer is recorded together with the 
time consumed for the task, leading to a capacity and quality measure for 
the 3D operation of pointing out the submerged contamination.
48 operators (Novices to the specific task) young volunteers were recruited. 
A statistical balanced experiment was set up with four groups, each assist-
ed by: a tablet, a video monitor, a video projector and a set of AR glasses 
(EPSON Moverio200). The pointer was tracked to give the position accuracy 
for pointing out the submerged target contamination. The time consumed for 
the entire pointing procedure was recorded to give an estimated efficiency 
for each operator in performing the task. Detailed results from the bench-
mark will be presented elsewhere

A setup was built with a projector as the preferred channel to illustrate the 
potentiality in a real operation from a meat production. The setup includes a 
vision sensor to determine the size of product (length and width) and the po-
sition of eventually surface contamination (DynaCQ; DMRI, DK). The results 
from the vision sensor is communicated to the operator using a proprietary 
tracking software for recognition and tracking of each product. Finally, the 
reviled cutting instruction and position of the detected surface contamina-
tion (e.g. polymer fragments from wrapping films or carrier trays) is shown 
through a video projector to an operator. Input to the tracking/identification 
software is a standard RGB camera placed in a fixed position relative to the 
projecting device, see Fig. 2.
 
Results
The potential of using AR technology is demonstrated here using a pilot 
scale production setup. The vision DynaCQ sensor gives the absolute size 
(length and width) of the meat products and detects any surface contami-
nation. The product in the pilot experiment has to meet specific size require-
ments. By comparing to the actual measured size, a cutting recipe in form of 
a set of cutting lines can be calculated for each product.
The calculated cutting lines are projected on the meat surface to guide the 
operator in performing the optimized cutting operation. The sequential order 
of the two cutting procedures leaves a significant volume of meat on either 
of the two trimmings: the caudal (hip) or ventral (belly) part. Actual price dif-
ferences between the two parts may influence the yield of a specific cutting 
sequence. In our pilot setup, the sequential order of cutting is communicated 
to the operator using color codes, see Fig. 3. The sequential order of cutting 
leaves the lower left-hand cutoff either on the ventral or the caudal part. As 
these by-products often are priced differently, an optimization potential is 
available for the operator by selecting a specific cutting sequential order.
Conclusion
Despite the simplicity of the simulated meat product the results seems to be 
relevant for the meat industry as capacity and precision are parameters with 
direct impact of the bottom line.
The benchmark of four AR channels is also relevant for the meat industry 
as all components of the best performing system are off the shelf commer-
cial available products. Even tracking software platforms are available from 
different vendors and the potential indicated in this experiment aligns with 
previous demonstrated yield improvement of fresh meat production. The 
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commercial benefit will be demonstrated in a specific experimental setup in 
close collaboration with a meat producer. Further results will be included in 
the actual poster session. 

 
Figure 3 Figure 3. The pilot setup assists the operator in producing 
an optimized yield of the raw material (right) and performing a cor-
rective action by removing surface contamination (left). Videos will 
be presented at the conference.
 

 
Figure 2 Figure 2. The pilot setup including DynaCQ sensor, projector 
and RGB camera

  
Figure 1 Figure 1. The simulated meat object for the benchmark of four 
different AR channels. Please, find a detailed description in https://
link.springer.com/chapter/10.1007/978-3-030-05297-3_7
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Objective determination of marbling levels in beef using hyperspectral imaging (#633)

Anders Karlsson1, Johanna Friman2, 1, Julien Morel2, Katarina A. Segerkvist1, Karin Wallin1, Mårten Hetta2

1 SLU, Dept. of Animal Environment and health, Skara, Sweden; 2 SLU, Dept. of Agricultural Research for Northern Sweden, Umeå, Sweden

Introduction
The aim of the present study was to evaluate hyperspectral imaging (HSI) 
to estimate fat content and distribution on the surface, i.e. fat marbling, on 
packed fresh beef cuts.
From a consumer’s point of view, quality of beef mostly refer to the eating ex-
perience, i.e.  eating quality, and they are willing to pay more for beef which 
is guaranteed a positive eating experience. As the demand of meat of high 
eating quality increases, a need for cost-effective and fast ways to evaluate 
and predict also increases.
Fat marbling is positively influencing eating quality attributes flavour, juic-
iness and tenderness, as well as to sensory attributes of meat; flavour in-
tensity increases with marbling levels. A steak with a high amount of finely 
distributed fat streaks will be considered to be of superior quality.
Since the demand for high quality meat with high fat marbling increases, and 
as todays marbling grading is done subjectively, there is a need to develop 
objective and automatic non-destructive techniques. Different types of im-
aging systems used for detecting marbling have been developed and tested, 
and the results indicate that imaging systems are powerful tools for predict-
ing beef quality attributes  In this study we have investigated HSI.
Methods
120 sirloin cuts (LD) were provided from and individually vacuum packed 
by the slaughter company (Nyhlén & Hugosons, Luleå, Sweden); sampled 
to provide a wide variation in fat marbling, and kept at approx. 4oC before 
measurement.
The cuts were analysed using a ViaSpec Hyperspectral imaging system, with 
a motor driven transmission stage, a focus grid and a white reference (Mid-
dleton Spectral Vision, Middleton) with a push broom Specim short-wave 
infrared (SWIR) camera; 15 mm f/2.1 lens (SWIR spectral camera, SPECIM, 
Finland). The acquired images consisted of 288 spectral bands; range: 935-
2457 nm, spectral resolution of 12 nm, spatial resolution of 0.42 mm, con-
trolled by the Breeze software (Breeze, Prediktera AB, Umeå). Samples were 
illuminated by halogen light source. All the images were made comparable in 
terms of spectral response (9). Ev. effects of plastic package material and to 
compare fat content and distribution from the surface area on both sides of 
the sample, 20 samples were randomly chosen and scanned both with and 
without plastic, and on both sides.
The hyperspectral image data were analysed using a principal component 
analysis (PCA) implemented in the Breeze software (Prediktera, Umeå, Swe-

den). For building the quantification model, and to quantify the percentage 
of fat and its distribution on the surface of the beef samples, a partial least 
square regression (PLS-R) model was used. For the classification of pix-
els into classes of either fat, protein, background or plastic, a partial least 
squares-discriminant analysis (PLS-DA) was used.
Results
The results from the image analysis indicate HSI is suitable for predicting 
the amount and distribution of fat in beef samples, with a high accuracy. A 
high correlation between fat content and higher marbling grade was found; 
however, but a low correlation between the visually marbling grading and 
objectively measured fat content was found. The classification, as shown in 
Tab. 1 showed correct classification with high accuracy for the four constit-
uents. The PLS model used for quantifying the constituents showed a high 
R2=0.94, indicating a good model performance.
Table 1 Classification matrix for the HSI classification model. The matrix shows 
a classification accuracy of 100%.
Classes Total Background Plastic Protein Fat

Background 1604 1604 (100%) 0 (0%) 0 (0%) 0 (0%)

Plastic 946 0 (0%) 946 (100%) 0 (0%) 0 (0%)

Protein 1586 0 (0%) 0 (0%) 1586 (100%) 0 (0%)

Fat 912 0 (0%) 0 (0%) 0 (0%) 912 (100%)

           

#Predicted 5048 (100%)        

Correctly 5048 (100%)        

Incorrectly 0 (0%)        

 
Conclusion
HSI showed high potential for predicting meat constituents based on chem-
ical composition and its spectral information. Using PLS-DA model is was 
possible to separate fat and protein pixels with an accuracy of 0.96 for fat 
and 0.95 for protein. Moreover, the HSI based quantification model was suc-
cessful in accurately predicting the amount and distribution of fat in the beef 
samples. Scanning the beef with plastic did not affect the results. Average 
fat and fat distribution was not consistent for both sides of the sample, re-
sulting in a 0.53 coefficient of determination for fat content and 0.43 for dis-
tribution. In order to increase accuracy, larger fat lumps should be excluded.
In this study, correlation was found between higher marbling grade and in-
creased fat content. However, there are some biases between the subjective 
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evaluation of marbling grades and the objectively predicted fat content. This 
is probably caused by differences in the two methods. Despite the differ-
ences between the objective and subjective analysis, HSI should be further 
investigated since it shows promising results to identify the amount of intra 
muscular fat in beef. It should be concluded that the higher accuracy for the 
HSI based models are caused by the more complex spectral information in 
HS-images.
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Comparison of solid-phase micro-extraction methods for beef volatile analysis (#634)

Fui Shien Chong1, 2, Joseph Kerry2, Maurice O’Sullivan2, Terence Hagan1, Linda Farmer1, Jerrad Legako3

1 Agri-Food and Biosciences Institute, Food Research Branch, Belfast, UK; 2 University College Cork, School of Food & Nutritional Sciences, Cork, Ireland; 3 Texas Tech University, Department of Animal 
and Food Sciences, Lubbock, US

Introduction
Volatile analyses have been conducted previously for cooked beef samples 
using a manual solid-phase micro-extraction (SPME) collection method 
[Farmer et al., unpublished data, 1]. The variation between replicate analyses 
has often been high. Automatic SPME methods are available and have been 
evaluated for raw beef [2] but their applicability to cooked beef is more dif-
ficult, due to the need for a consistent and representative cooking method. 
This study compares automatic SPME collection methods for grilled beef 
volatile analysis.
Methods
Three methods (method A, B, C) were selected to collect headspace volatile 
compounds from beef samples (Figure 1). Beef samples were grilled to 65oC 
internal temperature using a clam grill (S-143, SILEXIA UK. Ltd, York, United 
Kingdom).The cooked beef samples were cored (1.27cm diameter) for meth-
od A while samples for methods B and C were immersed in liquid nitrogen 
for 5 mins and homogenised. Beef sample (2±0.1g) was transferred into a 
glass vial and placed on gas chromatography-mass spectrometry (Agilent 
5977B MSD/7890B GC). Following 5 mins of equilibration in 65°C agitator, 
the headspace volatiles were collected using an automated SPME injection 
system (Gerstel Multi Purpose Sampler Robotic Pro with SPME injection 
tool holder) equipped with SPME fibre (Supelco, Bellefonte, PA, USA). 75µm 
CAR/PDMS SPME fibre was used in method A and B while 50/30µm DVB/ 
CAR/ PDMS SPME fibre was used in method C.
The quantities of individual volatile compounds was quantified using a 
MassHunter integration method and known injection quantities of the au-
thentic compounds, based on one quantification ion and three target ions. 
Total volatile quantities were calculated by adding all identified volatile com-
pounds. Volatile compounds were categorised into groups for the purpose 
of this paper. Means, standard deviations and coefficients of variation (CV) 
for six replicate analyses for each of the volatile groups were calculated, for 
each method and each ageing period. Average CVs for the five ageing peri-
ods were calculated.
 
Results
Methods A, B and C identified 66, 67 and 68 volatiles respectively. Volatiles 
were categorised into 21 groups, such as n-aldehydes, Strecker aldehydes, 
sulphur containing compounds, pyrazines. Method B had lower reproducibil-

ity compared to method C and method A was best (Table 2).
 
Table 2 Reproducibility of 21 volatile groups based on average CV of each 
method.
Mean CV Method A Method B Method C

High (CV<35%) 8 2 4

Good (35≤CV<50%) 8 4 6

Middle (50≤CV<80%) 3 9 10

Low (CV>80%) 1 5 1

Not detected 1 1 0

 
Figure 2 shows the ratio of volatile groups detected by each method relative 
to method C. Method A usually extracted the highest quantities of volatiles, 
followed by method B and method C. Exceptions are n-aldehydes, pyrazines 
and low molecular weight (MW) ketones. Interestingly, method A failed to 
pick up most of the volatiles from the alcohol group. Method B failed to pick 
up long chain acids and alkanes.
Five criteria were considered to select the most suitable method for beef vol-
atile analysis (Table 3), and each criterion was given a score from a scale of 1 
(bad) to 5 (very good). Methods A and C scored the highest. Although meth-
od A was easy to use, most reproducible and detected the highest quantities 
of volatile compounds, it failed to detect some volatile compounds such as 
unsaturated alcohols.
 
Table 3 Method selection and score.
Criteria for method se-
lection

Method A Method B Method C

Lower amount of beef 
sample required

3 5 5

Ease of use 5 4 4

High reproducibility 5 1 3

Detect wide range of 
volatile compounds

2 3 5

Detect high quantities 
of volatile compounds

5 4 3

Total score 20 17 20

Conclusion
The comparison of three SPME methods showed that the three methods all 
had strengths for different compound groups. However, Method C was the 
most suitable for analysis of a wide range of volatile compounds in cooked 
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Figure 2 Ratio of volatiles collected relative to method C for main vol-
atile groups in beef samples 
Strecker aldehydes: 3-methylbutanal, 2-methylbutanal, methional, 
benzaldehyde, benzeneacetaldehyde; n-aldehydes: pentanal, hexanal, 
heptanal, octanal, nonanal, decanal, undecanal, dodecanal and tri-
decanal; n-ketones: 2-heptanone, 2-octanone, 2-nonanone, 2- deca-
none; pyrazines: methyl pyrazine, pyrazine, 2,3/5-dimethyl pyrazine, 
trimethyl pyrazine, 2,3-diethyl-5-methyl pyrazine, 2-ethyl-3,5-di-
methyl pyrazine; S-containing compounds: dimethyl disulfide, dimethyl 
trisulfide, 2-acetylthiazole, benzothiazole, 2-methyl thiophene; un-
saturated alcohols: 1-penten-3-ol, 1- octen-3-ol

 

 
Figure 1 Description of methods employed for solid-phase micro-ex-
traction (SPME) analysis.
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Effect of processing temperature (70°c) and high pressure treatment (300 and 600 Mpa) on the partition 
coefficient of sodium (PNa+) in salted pork loins as a new strategy to influence saltiness perception (#33)

Tomas Bolumar, Kai Thiemann, Regina Lohmayer, Dagmar A. Brüggemann
Max Rubner Institute, Department of Safety and Quality of Meat, Kulmbach, Germany

Introduction
High sodium (Na+) intake is associated with high blood pressure and other 
cardiovascular diseases [1]. Na+ intake comes primarily from the consump-
tion of salt (NaCl) and about 20 % comes from processed meats [2]. There-
fore, in recent years, there have been plenty of studies addressing this issue. 
Particularly, reformulating strategies such as the use of salt replacers, fla-
vors enhancers and water binders, and different processing conditions have 
been tested [3]. However, there are still practical limitations, and probably 
the most important constrain is a weaker sensory perception of saltiness 
and overall flavor in the salt-reduced products. In this sense, there exists a 
relationship between [Na+] in the saliva and perceived saltiness. [Na+] in 
the mouth depends on the binding strength of Na+ to the meat matrix and 
its release to the water phase. This basic interaction can be estimated by 
calculating the partition coefficient (P), which is the ratio of concentrations 
of a compound in a mixture of two immiscible phases at equilibrium. The 
determination of P for Na+ (PNa+) allows for a physico-chemical estimation 
of the affinity of Na+ to the meat matrix. Modification of PNa+ by using differ-
ent processing conditions could be a powerful strategy to increase saltiness 
perception in an industry convenient manner. The application of high pres-
sure processing (HPP) has already been suggested as a tool to increase 
saltiness perception [4, 5]. The aim of this paper was to investigate the effect 
of processing temperature (70 °C) and HPP treatment (300 and 600 MPa) on 
the PNa+ in salted pork loins.
Methods
Pork loins (n=6) were collected from a local processing plant. All loins were 
within a pH range of 5.4-5.6. Loins were salted by immersion into an ap-
propriate brine for 2 weeks at 4°C in order to reach a concentration of 2 % 
of NaCl and 180 ppm of NaNO2. After salting, loins rested for 1 day before 
each loin was cut into 6 equivalent blocks, vacuum packaged, and randomly 
assigned to the following treatment. For each loin, 3 blocks were kept raw 
(R) and the other 3 were cooked (C) in a water bath at 74 °C to an internal 
temperature of 70 °C. After resting overnight, HPP treatment (5 min at 300 
or 600 MPa) was applied to R and C loins. All meat products were tested 
for water content, water activity (aw) and PNa+. [Na+] was determined using 
inductively coupled plasma - mass spectrometry (ICP-MS). A one-way-anal-
ysis of variance (ANOVA) with a Turkey’s pairwise test was used to analyze 
the statistical differences (software Past version 3.24).

Results
All cooked products had approx. 4-5 % less water content than their raw 
counterparts (P-value < 0.05) and  aw values were within a tight range of 
0.974-0.980 (P-value < 0.05) (Table 1).
Comparing raw to cooked products, it can be observed that cooked prod-
ucts had a tendency for the PNa+ to be higher than for their raw counterparts 
(Table 2). Indeed, PNa+ of cooked control sample for r value equal to 3.4 was 
significantly higher (P-value < 0.05) than of the raw control sample (Table 2). 
In addition, the averaged PNa+ were also significantly higher for two product 
cases, the cooked control sample and the cooked sample treated by HPP at 
300 MPa in comparison to the respective raw samples, confirming a higher 
PNa+ in this type of meat products when cooked.
If we look at the effect of HPP treatment, it can be observed a trend for the 
PNa+ to be higher for the raw products that were treated with HPP, though 
this trend was not statistically significant (Table 2). In contrast, this trend was 
not observed for cooked products, which had already a higher PNa+ than raw 
products (Table 2). This fact would be coherent with a higher interaction of 
ions to the meat matrix in raw products in comparison to cooked products. 
Cooked products will have a greater degree of protein denaturation and dis-
ruption of the muscle structure, which possibly lead to less electrostatic in-
teractions and restrictions to the mobility of ions in the meat product. In fact, 
this will be favoring their transfer to the water phase.
Overall, this work could not conclude the existence of a larger PNa+ after 
HPP treatment, though a tendency could be observed, but did showed a 
higher PNa+ for some cooked meat products.
Conclusion
This preliminary data showed that some cooked meat products had a higher 
PNa+ than their equivalent raw counterparts. The higher is the PNa+, the low-
er will be the affinity for the ion to stay in the product. This fact could have 
important implications for the meat industry, as raw meat products submit-
ted to a heat treatment could result in a product with an enhanced saltiness. 
This could allow for the use of lower salt concentrations during manufactur-
ing while keeping saltiness and flavour intensity.
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Table 1
Effect of processing temperature (70 °C) and high pressure treatment 
(HPP) (300 and 600 MPa for 5 min) on water content and water ac-
tivity (aw) in salted pork loins (mean ± standard deviation) (n=6).

 
Table 2. Effect of processing temperature (70 °C) and high pressure 
treatment (300 and 600 MPa for 5 min) on the partition coefficient of 

sodium (PNa+) in salted pork loins (mean ± standard deviation) (n=2).
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Strategies for incorporation of Quinoa (chenopodium quinoa Willd) in cooked meat products as a health-promoting 
ingredient (#65)

Juana Fernández-López1, Raquel Lucas-González1, Manuel Viuda-Martos1, Estrella Sayas-Barberá1, Alba Roldan1, Casilda Navarro1, Asunción 
Martínez-Mayoral2, Jose Angel Pérez-Alvarez1

1 Miguel Hernández University, EPSO, Dpt.Tecnología Agroalimentaria, IPOA Research Group, Orihuela (Alicante), Spain; 2 Miguel Hernández University, Centro de Investigación Operativa, Elche (Alican-
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Introduction
The meat industry, unsurprisingly, wishes to change the perception of meat 
products as being unhealthy by developing nutritionally improved meat prod-
ucts. In response to this, there has been a great deal of interest worldwide in 
the use of active ingredients and bioactivities of compounds originally pres-
ent in plants to provide health benefits in foods. In this context, quinoa (Che-
nopodium quinoa Willd) offers considerable potential for the development of 
healthier foods. In fact, quinoa contains high biological value proteins and 
bioavailable essential aminoacids, unsaturated lipids, dietary fiber, complex 
carbohydrates and other beneficial bioactive compounds such as polyphe-
nolic compounds [1]. In this work, two different procedures were considered 
for incorporation of black quinoa in cooked meat product matrixes: as whole 
seed in a bologna-type sausage and as flour in a pâté-type product. The 
effect of this addition in the chemical and technological properties of both 
products was evaluated.
Methods
Black Bolivian Real quinoa was purchased from a local market. Spread pork 
pâté and bologna-type sausages were made following traditional formula 
[2]. The original mixtures were used as control samples: control pâté (CP) 
and control sausage (CS). A 5% of quinoa was added to control samples: as 
flour to the original pâté mixture (PBQF) and as whole seeds to the original 
sausage mixture (SBQS). Proximate composition was determined according 
to Official Methods [3]. Residual nitrite level (mg NaNO2/kg sample) was 
determined according to standards ISO/DIS 2918.26. Lipid oxidation was as-
sessed by the 2-thiobarbituric acid (TBA) method of Rosmini et al. [4]. The 
colour was studied in the CIE L*a*b* colour space using a Minolta CM-700. 
The emulsion stability was evaluated as the percentage of total expressible 
fluid (TEF) [5]. Data analysis were performed using a one-way ANOVA test 
and differences were considered significant at p < 0.05.
Results
The addition of quinoa (both, as whole seed and as flour) modified the prox-
imate composition in both cooked meat products (Table 1) following a simi-
lar trend: decreasing moisture and fat content and increasing ash and TDF 
content (P<0.05). TBARS values (Table 1) were lower in samples with quinoa 
added than in control samples which means that quinoa could have some 

antioxidant properties, mainly due to the polyphenol content in black quinoa 
[1]. In both meat products, the only colour coordinate affected by quinoa ad-
dition was the a* coordinate that decreased when quinoa (whole seed and 
flour) was added. Both cooked meat products added with quinoa showed 
higher residual nitrite level than their respective control samples (Figure 1). 
This might be due to quinoa seed accumulating nitrate in their structure [6].
Table 1. Proximate composition, lipid oxidation (TBARS values expressed 
mgMA/kg sample), and technological properties of cooked meat products.
  Moisture Protein Fat TDF Ash

CS 58.98±0.10b 13.85±0.25a 20.14±0.28a - 2.80±0.03b

SBQS 62.21±0.25a 13.66±0.29a 18.17±0.24b 0.88±0.01 2.97±0.01a

CP 46.69±0.02y 13.85±0.15x 33.24±0.39a - 2.19±0.01y

PBQF 52.93±0.06x 13.34±0.49x 27.54±1.03b 0.92±0.02 2.46±0.02x

           

  L* a* b* TEF (%) TBARS

CS 64.10±1.72a 6.02±0.43a  10.12±0.54a 2.01±0.13a 0.44±0.02a

SBQS 64.25±1.69a 6.02±0.43a 10.22±1.16a 2.57±0.11a 0.21±0.01b

CP 59.30±1.25x 4.96±0.69b 12.81±0.43x 17.12±0.98x 0.57±0.03a

PBQF 59.55±1.15x 5.27±0.50y 11.52±0.71x 16.56±0.89x 0.49±0.02b

Results are expressed as means ± standard deviation.
a-b, x-y for each meat product and parameter, values with a different letter are 
significantly different (p<0.05)
Conclusion
In general, the strategies used to incorporate quinoa (as whole seeds or as 
flour) in cooked meat products are feasible and may be a good choice for 
enhancing their nutritional composition and healthier properties without ad-
versely affecting the technological properties of the final product. In addition, 
the use of quinoa in cooked meat products could decrease the amount of 
nitrites added in its formulation.
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Figure 1. Residual nitrite level of cooked meat products
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Effects of lotus (Nelumbo nucifera) root and leaf extracts on pork patties as inhibitors of lipid oxidation, alone and 
in combination (#74)

Dong-Jin Shin1, Juhui Choe1, Ko-Eun Hwang2, Cheon-Jei Kim2, Cheorun Jo1

1 Seoul National University, Department of Agricultural Biotechnology, Seoul, South Korea; 2 Konkuk University, Department of Food Science and Biotechnology of Animal Resource, Seoul, South Korea

Introduction
  Lipid oxidation in meat products can occur during its processing such as 
grinding, heating, and storage. It is one of the major reasons for the quality 
loss, including off-flavor, discoloration and other undesirable changes in sen-
sorial value, reducing the shelf life of products.
  Generally, synthetic antioxidants such as butylated hydroxytoluene (BHT) 
have been used to decrease lipid oxidation. However, their use has been lim-
ited due to its health risks, e.g., toxicity and carcinogenic effect. Accordingly, 
natural antioxidant sources were investigated to replace synthetic antioxi-
dants. Also, studies on the combined effect of different natural antioxidants 
were partially reported revealing a combined effect from antioxidants could 
reduce the cost of expensive additive-free products.
  Lotus (Nelumbo nucifera) roots and leaves contain abundant levels of the 
bioactive compounds. Despite functional and antioxidant activity of lotus 
roots and leaves have been individually studied, the effects of their com-
bination were scarcely discussed. Thus in this study, I) the antioxidant 
mechanisms of ethanol extracts from lotus root and leaf at different eth-
anol concentrations were investigated. Subsequently, II) physicochemical 
and sensorial properties, and lipid oxidation stability of pork patties with the 
extracts individually or in combination were determined during 10 days of 
storage at 4 ± 1°C.
Methods
Experiment I
  The dried lotus root and leaves were powdered then extracted with differ-
ent levels of ethanol (50% and 75%). After filtration and removing of extract 
solvents, the filtrates were diluted to 10% using the same concentration of 
extracting ethanol. As a positive control, BHT diluted as the same concentra-
tion of the extracts was used. To compare antioxidant activities of lotus root 
and leaf extracts, extraction yield, diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity (Brand-Williams et al. 1995), chelating activity (Decker 
and Welch, 1990), and reducing power (Oyaizu et al., 1986) were determined.
Experiment II
  The pork patties were used in the experiment II because it is susceptible 
to lipid oxidation. Pork patties with selected 10% extracts were prepared fol-
lowing formulation: 70% pork hind leg, 20% pork backfat, 10% ice water, and 
added 1.5% salt based on the total weight. The lotus root extract or lotus leaf 
extract was added to the patties at 1% (LRE or LLE, respectively) or together 

at 0.5% (LRE+LLE). As the negative and positive control, patties without any 
extract and those with 0.02% BHT were prepared. In addition, patties with 
varying levels of the extracts (0.1%, 0.5%, and 1%) were made to compare 
their effect on lipid oxidation. The patties were analyzed on cooking yield, 
proximate composition, pH value, peroxide value (POV, Horwitz, 2000) and 
2-Thiobarbituric acid reactive substances (TBARS, Vyncke, 1970) value.
Results
Experiment I
   The results of the antioxidant activity of lotus root extract and lotus leaf 
extract revealed different antioxidative mechanisms between them. The leaf 
extracts presented antioxidant activities comparable to BHT in DPPH radical 
scavenging assay (Table 1). Although it was lower than that of leaf extract in 
DPPH radical scavenging and reducing power assay (data not shown), the 
root extract provided higher chelating activities (P < 0.05) that may promote 
antioxidant effect against the initiation of lipid oxidation in meat products. 
Meanwhile, as extracts made by 50% solvent ethanol exhibit generally high-
er extraction yields than that by 75% ethanol, extracts by 50% ethanol were 
applied to pork patties in experiment II.
Experiment II
  The TBARS values of pork patties containing individual root and leaf ex-
tracts in different levels (0.1, 0.5, and 1%, respectively) were decreased with 
increasing levels of extracts, indicating their concentration-dependent an-
ti-lipid-oxidation activity on pork patties (data not shown). In case the ex-
tracts of lotus root and leaf were combined, both POV and TBARS values 
exhibited that the addition of LLE (1%) alone and combined LRE and LLE 
(0.5%, respectively) had the highest antioxidant effect among treatments (P 
< 0.05, Table 1, 2). The treatments maintained its TBARS values under the 
sensory threshold level (1.0 mg/kg) of pork. Even though LRE had a less 
antioxidant effect than LLE, patties treated with combined 0.5% LRE and 
0.5% LLE maintained similar (P > 0.05) TBARS value with those treated with 
1% LLE. It was considered as the combined effect of different antioxidation 
mechanisms of LRE and LLE.
Conclusion
  The application of 50% ethanol extracts of lotus root and leaf in pork pat-
ties effectively retarded lipid oxidation, by possessing different antioxidative 
mechanisms. Though the synergistic effect of lotus root and leaf was uncer-
tain in pork patties, lotus root and lotus leaf alone or together could be used 
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Figure 2. Changes in thiobarbituric acid reactive substances (TBARS) 
of pork patties
(×) Control, no ingredient added; (△) patties with 1% lotus root 
extract; (◇) patties with 0.5% lotus root extract and 0.5% lotus 
leaf extract; (▲) patties with 1% lotus leaf extract; (■) pat-
ties with 0.02% butylated hydroxytoluene (BHT). a-d means that col-
umn with different letters are significantly different (P < 0.05). 

 

Figure 1. Changes in peroxide value (POV) of pork patties containing 
lotus loot and leaf extracts
(×) Control, no ingredient added; (△) patties with 1% lotus root ex-
tract; (◇) patties with 0.5% lotus root extract and 0.5% lotus leaf 
extract; (▲) patties with 1% lotus leaf extract; (■) patties with 
0.02% butylated hydroxytoluene (BHT). Error bars show the standard 
deviation.

 

 Table 1. Extraction yield and antioxidant properties of lotus root and 
leaf extracts All values are the mean ± standard deviation. a-dMeans 
within a row with different letters are significantly different (P < 
0.05). 1)Lotus root- 50% EtOH, lotus root extract using 50% solvent 
ethanol; Lotus root-75% EtOH, lotus root extract using 75% solvent 
ethanol; lotus leaf-50% EtOH, lotus leaf extract using 50% solvent 
ethanol; lotus leaf- 75% EtOH, lotus leaf extract using 75% solvent 
ethanol; BHT, butylated hydroxytoluene. 2)IC50, concentration of ex-

tracts (g/L) to inhibit 50% DPPH radical or chelate metal ions.
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Increase of effectivity in chopping processes by using a blade head with obliquely fixed blades for production of 
emulsified sausages (#117)

Wolfram Schnaeckel, Ingo Micklisch, Janet Krickmeier, The project (KF 2020619FH4) was promoted by the German Federation of Industrial Research 
Associations within the scope of a central innovation program for small and medium-sized enterprises of the federal Ministry of Economic Affairs and 
Energy on base of a decision of the German Federal Parliament.
Anhalt University of Applied Sciences, Department of Agriculture, Ecotrophology and Landscape Development - Department of Food and Nutrition Sciences, Bernburg, Germany

Introduction
In food industry choppers are often used for fine comminution and emul-
sification processes. For the production of so-called meat emulsion these 
machines are equipped with cutting tools in various forms, stabilities and 
designs which depends on processed raw materials and produced final 
products /1/.
The economic situation in meat processing industry leads to use of chop-
pers with high capacity and as possible high efficiency. In dependence from 
their capacity, diameter of blades in bowl choppers can be until 800 mm and 
number of rotations in between 3000 – 7000 1/min /2/.
By cutting in a traditional engine, means an angle of blades in the chopping 
head of 0°, raw materials can be chopped finely, but mixing and emulsifica-
tion sometimes is not optimal. Too intensive chopped tissue particles are 
not able to bind water and/or fat fully /3/. That can lead to a lower sausage 
quality and lower yield.
To increase the processing efficiency a cutting tool head was developed, 
which guaranties a high comminution effect and simultaneously an exten-
sive emulsification of processed materials.
Methods
For experiments was used a bowl chopper type LASKA KT 45 V. This ma-
chine has a bowl volume of 45 l. The compared chopper heads are presented 
in figure 1. There was studied the influence of number of blades in a chopping 
head (2 versus 6), angle of blades in the chopping head (0° versus 15°) on dif-
ferent technological and quality parameters, especially necessary electrical 
power, chopping time and emulsion stability.
The recipe for meat emulsions was 75 % pork shoulder and 25 % pork nack 
fat. Based on these raw materials 20 % crashed ice, 1.8 % nitrite curing salt, 
0.3 % diphosphate (E 450) and 0.6 % spices were added.
For chopping was used the two stage procedure, means in the beginning 
pork shoulder was chopped with nitrite curing salt, diphosphate and 1/3 of 
ice, after 45 seconds were added pork fat, rest of ice and spices. The chop-
ping end-point was 10 or 12°C (i.e. below the possible 15°C by using phos-
phate).
Electrical power was measured by using an instrument NANOVIP Plus (EL-
CONTROL ENERGY NET S.R.L.). For meat emulsions was measured the 

so-called emulsion stability (calculated by centrifugation losses of heated 
sample). For final finished products were measured texture and sensory ac-
ceptance (not shown).
Results
In figure 2 is presented the development of electrical power for the three 
different chopping blade configurations.
It can be seen that for use of 6 blades the chopping time is the shortest, but 
with highest electrical power. Energy consumption increase from 613.5 Wh 
to 636.5 Wh. By comparing the variants with 2 blades the 15° obliquely fixed 
blades shows a shorter chopping time and the lowest level of electrical pow-
er. Energy consumption decrease from 613.6 Wh to 519.2 Wh, means by 15.4 
%. Additionally, the standard deviation for electrical power during the second 
phase of chopping is the lowest (2.67 kW). For variant No B the standard 
deviation is a little bit higher (2.87 kW), but for variant No A with 6 blades it is 
much higher (3.39 kW). It can be concluded that a head with obliquely fixed 
blades works more silent and continuously.
In figure No. 3 are presented the results for progress of emulsion stability 
after heating. It shows that the increase of emulsion stability for variant No 
A and B are comparable, independently from number of blades. For variant 
No C the increase of emulsion stability starts later but finally the emulsion is 
already stable at 10°C, while the other variants required 12°C for comparable 
stability.
Conclusion
Electrical power and by this energy consumption for chopping processes 
in bowl choppers can reduced by using of obliquely fixed blade position. In 
comparison with perpendicular to the rotation axis fixed blades the work of 
engine is much more silent and continuously.
It could be verified, that obliquely fixed blades convey the meat batter turbine 
like through the cutting zone. This increased the emulsification performance. 
The chopping process can be finished at lower final chopping temperature 
of meat emulsion by using of this new blade head. This helps to reduce cost 
for raw materials and energy.
References
/1/ Hammer, G., Haack, E. and S. Stoyanov (2006): Fleischwirtschaft. 4, 88 
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Progress of electrical power of blade drive Figure 2: Progress of elec-
trical power of blade drive with different cutting set configurations 
(6 blades ∠0° (left), 2 blades ∠0° (middle) and 2 blades ∠+15° 
(right))

 

Chopper head
Figure 1: Chopper head (A: 6 blades, ∠0°; B: 2 blades, ∠0°; C: 2 
blades, ∠+15° (large: side view; small: front view))

   
Emulsion stability
Figure 3: Development of emulsion stability (after heating) for the 
used chopping end-points with different cutting set configurations
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Effects of different processed meat proteins on the production of serotonin (#610)

Yunting Xie, Guanghong Zhou, Xinglian Xu, Chunbao Li
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
The gut–brain axis is a bidirectional communication system between the 
central nervous system and the gastrointestinal tract. Serotonin  can acti-
vate intrinsic and extrinsic primary afferent neurons, and further influence 
intestinal peristalsis, motility, nutrients absorption and information transit to 
the central nervous system. More than 90% of the body’s serotonin is pro-
duced in the gut and particularly in enterochromaffin (EC) cells through the 
tryptophan 1 hydroxylase 1 (Tph1) enzyme. Meat products are a good source 
for dietary proteins. However, the proteins are prone to chemical changes 
during meat processing, which may affect the digestion and absorption in 
the digestive tract. Some studies indicated that EC cells have the ability to 
respond to the chemical composition of the luminal contents by releasing 
serotonin. The aim of this work was to explore the effects of different pro-
cessed meat proteins on the production of serotonin.
Methods
Animals and diets
A total of 60 4-week-old male C57BL/6J mice were raised in a specific 
pathogen-free animal center. Mice were housed in a controlled environment 
(60±10% of humidity, 12 h light cycle, 20.0±0.5 °C) with free access to water 
and diet. Mice were fed a standard chow diet during a 2-week acclimation 
period. Then, animals were divided into six groups and fed for 8 months with 
one of six protein diets, that is, casein (C), soy protein (SP), emulsion-type 
sausage protein (ESP), dry-cured pork protein (DPP), stewed pork protein 
(SPP) and cooked pork protein (CPP). After eight-month feeding, mice were 
euthanized by cervical dislocation. The gut tissues were taken and subject-
ed to fixation in 4% (wt/vol) paraformaldehyde or were stored at −80°C.
Chemical analyses
The 5-HT concentration in tissue was quantified using a ELISA kit. Readings 
from tissue samples were normalized to total protein content that was quan-
tified using a BCA protein assay kit.
Histological observations
After being fixed in 4% paraformaldehyde buffer for 24 h, the tissues were 
transferred to graded series of ethanol and cleaned by xylene and then em-
bedded in paraffin. The paraffin-embedded tissues were cut into 3 ∝m thick 
sections  then the sections were  fixed,  dewaxed, hydrated, antigen re-
paired and closed. Then the sections were incubated with rat anti-serotonin 
primary antibody. The sections were washed and incubated for 1 h with goat 
anti-rat Dylight 488-conjugated IgG. The nuclei were labeled with DAPI be-

fore sealing with a coverslip. The images were captured using an AxioImag-
er microscope. Finally, immunoreactive cells were enumerated in 10 visual 
high-power filed from each sample.
Western blotting 
The frozen samples were ground in liquid nitrogen and lysed in protein ex-
tract buffer. The protein concentration was determined and SDS-PAGE was 
run. Proteins were transferred to polyvinylidene  difluoride  membrane and 
blocked in 5% fat-free milk for 1 h. Samples were incubated individually with 
antibodies for chromogranin A, serotonin transporter, monoamine oxidase A, 
glyceraldehyde 3-phosphate dehydrogenase, and tryptophan hydroxylase 
1 at 4 °C overnight. Then the membranes were incubated with horseradish 
peroxidase-conjugated secondary antibodies for 1 h at room temperature. 
The membranes were washed and reacted with ECL. Images were acquired 
and band density was quantified. The intensities of target proteins were nor-
malized against that of GAPDH.
RT-qPCR
Total RNA was isolated from tissues and used to prepare cDNA. RT-qPCR 
was performed by the SYBR Green probe. The mRNA level was normalized 
relative to GAPDH and calculated as fold (2-ΔΔCt) in which the casein group 
was set as control.
Results
The serotonin  level decreased gradually from the duodenum to the ce-
cum, which was followed by a substantial increase in the colon (Fig.1A). In 
the duodenum, the CPP and DPP groups had higher serotonin levels than 
the C group. In the jejunum, the average serotonin level was the lowest for 
the SPP group. In the cecum, serotonin levels were the lowest for the ESP 
group but the highest for the C group. However, the ESP group had the 
highest serotonin value in the colon. Chga was upregulated in the cecum by 
the C and DPP diets (Fig.1B), but it was upregulated in the colon by the ESP 
diet (Fig.1C).  The differences in serotonin and Chga levels may be related to 
the number of EC cells. The immunohistological observations indicated that 
the number of EC cells in the cecum were lower in the ESP group than those 
of the casein and DPP groups (Fig.2A). The ESP group had a lower number 
of EC cells in the colon (Fig.2B). These changes may be related to gut micro-
biota. The relative abundances of Tph1 mRNA and protein were the highest 
in the SP group but the lowest in the C group (Fig.3A). The DPP diet upreg-
ulated SERT and Maoa gene expression compared with the casein group 
(Fig.3B and C). Different processed meat proteins significantly affect the ex
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pression of catabolism and anabolic related enzymes and transporters.
Conclusion
Different processed meat proteins regulate serotonin levels by affecting 
the number of serotonin-secreting cells, catabolism, anabolism, and trans-
porters. This may be related to gut microbiota, and the specific mechanism 
needs further investigation.

 
Figure 3. Effects of protein diets on 5-HT syn-
thesis, catabolism or reuptake in colon. 
(A) Tph1 mRNA and protein expression. (B) SERT mRNA and protein ex-
pression. (C) Maoa mRNA and protein expression. Note: the data were 
analyzed by ANOVA and means were compared by the procedure of Dun-
can’s multiple-range comparison. The “a, b, c” means with different 
letters differed significantly (P<0.05). 

Figure 2. Enterochromaffin cells density in cecum and colon. 
(A) Cecum. (B) Colon. EC cells were identified by immunofluorescence 
detection of 5-HT (red, Cy3-labeled 5-HT+ cells; blue, nuclei coun-
terstained with DAPI). The data were analyzed by ANOVA and means were 
compared by the procedure of Duncan’s multiple-range comparison. The 
“a, b, c” means with different letters differed significantly (P<0.05).
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Figure 1. Variations in the 5-HT content and Chga expression in intesti-
nal tissues. 
(A) 5-HT content of intestinal tissues. (B) Chga mRNA and protein 
expression of cecum. (C) Chga mRNA and protein expression of colon. 
The data were analyzed by ANOVA and means were compared by the pro-
cedure of Duncan’s multiple-range comparison. The “a, b, c” means 
with different letters differed significantly (P<0.05).
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Modelization of dry-cured ham texture to define optimal processing conditions (#130)

Elena Coll-Brasas1, Alejandro Olmos2, Jacint Arnau1, Pere Gou1, Elena Fulladosa1

1 IRTA, Food Technology, Monells, Spain; 2 Monte Nevado, Segovia, Spain

Introduction
Decrease of textural and appearance problems incidence in dry-cured ham 
production is of interest for industry. To do so, it is necessary to study more 
in depth aspects related to raw material quality, saltiness level, processing 
temperatures and its combined effects on the texture of the final product. 
The aim of this work was to study the effect of pH24, fat and salt contents and 
weight loss on texture development in dry-cured hams processed at differ-
ent temperatures. Optimal processing conditions to obtain optimal textures 
will be defined.
Methods
196 hams from 98 animals with different fat content (High and medium level) 
and pHSM24h (Low and Medium level) were obtained. Salting process was 
performed according to the traditional system with some modifications to 
obtain different salting levels (High, Standard and Reduced). After a 2-month 
resting period at 4ºC, hams were processed at different temperatures (10ºC, 
15ºC or 20ºC) until reaching different weight losses (33%, 36% or 40%).
At the end of process, the aitch bone, the butt and the femur bone of the 
hams were excised and the cushion part, containing Biceps femoris (BF) 
muscle, was trimmed. Texture was instrumentally determined on BF muscle 
using a Stress relaxation test (SR). Initial force F0 (kg) and force decay at 2 
s (Y2) and 90 s (Y90) were calculated. Physicochemical characterization (pH, 
moisture content, salt content, non-protein nitrogen content (NPN), total ni-
trogen (TN) and proteolysis index (PI)) was performed.
Effect of different factors on texture, physicochemical characteristics and 
appearance of the samples was tested by using an ANOVA procedure. Fat 
content, pHSM24h, salting, processing temperature and the weight loss and 
their double interaction were included as fixed effects. Animal was included 
as random effect nested to fat content, pHSM24h, salting process and weight 
loss. Non-significant effects and interactions were dropped from the model. 
Differences were evaluated by using a Tukey test (p<0.05). Contour plots for 
Y90 were represented for Processing temperature and Weight loss parame-
ters for each salting treatment.
Results
In the studied range, fat content and pHSM24h did not have a significant effect 
on texture. Only salt content, processing temperature, weight loss showed 
significant effects. A significant decrease of F0 and an increase of Y2 and 
Y90 were found when decreasing salt content (p<0.05). Although processing 
temperature did not influence F0, a decrease of Y2 and Y90 when increasing 

processing temperatures was observed. Therefore, temperature has an im-
portant effect on the final texture. Besides, a significant interaction between 
weight loss and processing temperature must be remarked, showing a high-
er decrease of Y2 and Y90 with the increase of weight loss at lower process-
ing temperature (Table 1). This fact indicates that both parameters in com-
bination may help to define optimal dry-cured ham elaboration procedures.
Previous studies considered dry-cured ham samples with Y90 values of 0.74 
and 0.70 as defective or soft. Taking this into account, in this study, dry-
cured ham samples with Y90>0,690 were considered as defective. Optimal 
texture has been defined to have Y90 values between 0.551 and 0.611.
Contour plots in Figure 1 represent, for each salting treatment, variation of 
Y90 according to weight loss and temperature since they are the effects that 
significantly influence texture development in this study. It also draws opti-
mal processing conditions intervals to achieve optimal texture. In hams with 
a standard salt content and a low weight loss (33%), the best processing 
temperature to avoid texture defects was 20ºC. Processing temperature was 
less important when weight losses of 36-40% were reached. In contrast, 
for salt reduced hams, a minimum weight loss of 38% and high processing 
temperatures (20ºC) are needed to achieve optimal textures. In this case, 
optimal texture in the final product was only reached when hams achieved a 
weight loss of 40% at a processing temperature of 20ºC.
Conclusion
Salt content, processing temperature and weight loss has a significant effect 
in the texture of dry-cured ham. Besides, there is a significant interaction 
between weight loss and processing temperature, obtaining less hams with 
soft textures when processing at 20ºC and reaching 40% of weight loss. 
Contour plots may help to define optimal dry-cured ham elaboration proce-
dures.
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Table 1: LSMeans of hardness (F0, Kg), force decay at 2s (Y2) and 90s 
(Y90) in Biceps femoris muscle according to the interaction Process-
ing temperatures x Weight loss.

 
Figure 1.  Instrumental texture (Y90) contour plot showing the effect of 
Processing temperature and Weight loss for each salting process.
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The potential of dual energy x-ray absorptiometry to predict overall liking of the loin grill in lamb  (#131)

Fiona Anderson1, 2, Lisolotte Pannier1, 2, Claire Payne1, 2, David Pethick1, 2, Graham Gardner1, 2

1 Murdoch University, College of Science, Health, Engineering and Education, Murdoch, Australia; 2 Advanced Livestock Measurement Technologies Project, Murdoch, Australia

Introduction
Dual energy x-ray absorptiometry (DEXA) has been used for the accurate 
determination of body composition in production animals including sheep. 
Gardner et al [1] showed that an on-line abattoir installation of a DEXA sys-
tem can accurately and precisely predict lamb carcass composition using 
DEXA R values. Medical DEXA systems have been used to detect changes 
in bone mineral density in humans, and between calves and yearling cat-
tle [2]. Beef carcass maturity at slaughter is an important Meat Standards 
Australia (MSA) input, with significant impacts on eating quality which is 
assessed visually using ossification score and also using chronological age. 
Bone regions within DEXA images of lambs likely reflect changing bone min-
eral content, which may associate with age and/or maturity and subsequent 
eating quality. Therefore, we hypothesise that bone DEXA measures will re-
flect lamb maturity and can therefore be a predictor of sheepmeat eating 
quality.
Methods
Lambs in this study (n = 80) were slaughtered at a commercial abattoir and 
ranged in age from 208 to 309 days. Their carcases were trimmed according 
to AUSMEAT standards and ranged in hot carcass weight from 14.9 to 28.7 
kg. Lamb carcases were DEXA scanned following slaughter using an on-
line DEXA system operating at abattoir chain speed [1], with the ratio of the 
photon attenuation for corresponding pixels within the low and high energy 
images used to calculate an R value for each pixel [3]. Pixels representing 
soft tissue were used to estimate carcass lean meat yield % (LMY%) [1]. In 
addition, bone regions of the carcass were isolated from DEXA images using 
Image J (version 1.44p) for all bone, femur, humerus and lumbar vertebrae. 
The mean DEXA R and Standard Deviation of pixels in these bone regions 
was determined (DEXA R Mean and DEXA R SDev).
From each carcass, samples for eating quality assessment were collected 
from the M. longissimus lumborum (loin) and prepared and cooked according 
to standard MSA eating quality protocol. Additionally, a 45g sample of the 
loin was collected for determination of intramuscular fat (IMF) %.
Lamb overall liking scores were analysed using general linear models (SAS 
Version 9.1, SAS Institute, Cary, NC, USA), with bone DEXA R Mean and/or 
DEXA R SDev tested as covariates to predict eating quality. These models 
were also tested with LMY% and IMF% included as covariates to assess the 
independence of DEXA bone values from these terms.
Results

The bone DEXA region with greatest prediction of loin overall liking was the 
lumbar vertebrae DEXA R values. The DEXA derived LMY%, Lumbar DEXA 
R Mean and Lumbar DEXA R SDev were all significant predictors of overall 
liking (Table 1: Models 1, 2, 3).
Across the decreasing range of Lumbar DEXA R SDev, the overall liking of 
the loin increased by 8.3 eating quality units (Figure 1), with similar magni-
tudes observed for the effect of Lumbar DEXA R Mean and LMY% (9.8 and 
10.3 units). The precision of prediction of loin grill overall liking was greatest 
using Lumbar DEXA R SDev and LMY% (Table 1, Model 4: R2 0.12, RMSE 7.7). 
The inclusion of loin IMF% in this model did not impact the significance of 
the other terms.
There was no significant correlation of Lumbar DEXA R SDev with LMY% 
and IMF%, however moderate correlation of DEXA R Mean (R = 0.37 and 
-0.27) with these terms.
Conclusion
This is the first time that DEXA has been used to predict consumer eating 
quality in lamb. The increase in loin overall liking associated with decreasing 
lumbar DEXA R Mean and SDev represents substantial improvement given 
the total range of loin overall liking was 33 scores. Lack of correlation of lum-
bar DEXA R SDev to LMY% and loin IMF % indicates this term described as-
pects of loin overall liking independent to that attributed to these phenotypic 
measures. In contrast, lumbar DEXA R Mean partly reflects LMY%, which 
has previously been associated with reduced lamb eating quality [4]. A lack 
of differentiation in bone DEXA measures between age groups makes it dif-
ficult to understand the biology underpinning the link between DEXA and 
eating quality. These results suggest there may be potential for commercial 
DEXA systems within processing plants to predict aspects of eating quality 
and provide new inputs into a lamb MSA eating quality prediction model.
1.         Gardner, G., et al., Calibration of an on-line dual energy X-ray absorp-
tiometer for estimating carcase composition in lamb at abattoir chain-speed. 
Meat science, 2018. 144: p. 91-99.
2.                 López-Campos, Ó., Juárez, M., Larsen, I.L., Prieto, N., Roberts, J., 
Dugan, M.E.R., Aalhus, J.L. Dual energy x-ray absorptiometry as a rapid and 
non-destructive method for determination of physiological maturity scores 
in steers. in International Congress of Meat Sciecne and Technology. 2018. 
Melbourne, Victoria, Australia.
3.         Pietrobelli, A., et al., Dual-energy X-ray absorptiometry body composi-
tion model: review of physical concepts. American Journal of Physiology-En
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Table 1 F-values, coefficient, intercept, coefficient of determination 
(R-square), and root mean square error (RMSE) for models predicting 
overall liking for the loin using lean meat yield %, Lumbar DEXA R 
Mean and DEXA R SDev.

Figure 1 Predicted loin grill overall liking using Lumbar DEXA R SDev 
(P<0.05) (Model 3). Dots represent residuals from the predicted means 

(solid line) ± SD (dotted lines). 
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The Meat Science Universe: Meta- and topic analytical text analysis of a scientific journal (after 40 years) (#135)

Elisa Oertel1, Stefan Baur2, Daniel Moerlein1

1 Georg-August-University, Department of Animal Sciences, Göttingen, Germany; 2 Gesellschaft für wissenschaftliche Datenverarbeitung (GWDG), eScience, Göttingen, Germany

Introduction
Scientific journals provide empirically established findings to researchers of 
the respective fields and it is up to each individual to keep track. To do this, 
scientists use online subscription-based databases such as Web of Science 
or free search engines like PubMed. However, the latter lacks a graphical 
platform that can answer meta-analytical questions at a glance (such as 
experts in a particular sub-area, countries with the largest research share, 
evolving topics and the like). These tools would enable both, the public and 
the science community to easily get started in the abundance of scientific 
publications. In this research, we have been evaluating computer assisted 
text analysis to analyse all publicly available abstract and meta information 
of the journal Meat Science as an example.
Methods
All article abstracts ever published in Meat Science (ranging from the oldest 
from 1977 to the last dated 21.02.2019) were downloaded and stored locally 
via the PubMed backend interface EDirect [1]. On the resulting XML-Files, 
we carried out an exploratory analysis in R [2], working out information like 
publication strength for all participating countries and their cooperations. 
Subsequently, we split up the data regarding investigated species and fil-
tered for the top authors as shown in Figure 2. To delve deeper into the 
data, we constructed a model of the topic distribution covered by this journal 
using the Latent Dirichlet Allocation algorithm [3]. Afterwards we analyzed  
topic development per investigated species over time to reveal evolving and 
decreasing methods/topics in these sectors.
Results
We were able to show that the top countries publishing in Meat Science are 
the United States and Spain, with more than 1000 publications overall, fol-
lowed by Australia, China, Italy, France and the United Kingdom with about 
200-400 publications. Although many countries have already worked in co-
operation (70 out of 85 countries), the total number of joint publications is 
very low (609 out of 7399 publications so far). Also, more than one third of 
the journals editors have a high publication score, locating them between the 
top 100 authors. Additionally they tend to show up in more than one publica-
tion group (here: cattle&beef, pig&pork, sheep&lamb and poultry&chicken), 
which can be seen in the expert groups per investigated species in Figure 2. 
Finally, the topic analysis of, for example, the entire Meat Science journal as 
shown in Figure 3 revealed a growing interest in topics 1 and 3 (comprised 
of words like: stunning, rigor, boar, proteins, models and prediction) and a 

decreasing interest in topics 5 and 6 (comprised of words like: consumer, 
fat, diet, vitamin).
Conclusion
Our approach allowed us to map a nearly complete meta-level image of the 
Meat Science journal: Starting with important countries for the contributions 
of the journal up to the top authors in the field (implemented for first and 
last authors as well as for the entire authorship), we conducted a predictive 
analysis of ongoing topics in the research field (such as protein-analysis 
and electrical stimulation), by developing a Text Mining and Topic Modeling 
framework.
Literature
[1] Kans J. Entrez Direct: E-utilities on the UNIX Command Line. 2013 Apr 
23 [Updated 2019 Feb 11]. In: Entrez Programming Utilities Help [Internet]. 
Bethesda (MD): National Center for Biotechnology Information (US); 2010-.
[2] R Development Core Team. “R: A language and environment for statistical 
computing.” R Foundation for Statistical Computing.Vienna, 2008.
[3] Wang, Chong, and David M. Blei. “Collaborative topic modeling for rec-
ommending scientific articles.” Proceedings of the 17th ACM SIGKDD inter-
national conference on Knowledge discovery and data mining. ACM, 2011.
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Figure 2: Experts in Meat Science Grouped barplots showing the 
top 25 authors per species (author position ignored), illus-
trating the bandwidth of Meat Science and the respective ex-
perts in the given field. The publications are shown in abso-
lute count and are not necessarily disjoint between groups. 

 
Figure 1: Explorative analysis of Meat Science A circelized dendro-
gram of all countries contributing publications - Countries are 
sorted by continent, where bubble sizes indicate the publication 
strength and grey lines refer to cooperation between countries. 



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

554

Notes

 
Figure 3: Topic Development in whole Meat Science The distribution 
of six calculated topics over scientific publications in Meat Science 
pictured as a timeline. The x-axis displays the year of publication. 
Gamma denotes the most probable distribution of topics over all doc-
uments (it was averaged to facilitate interpretation). The top three 
terms per topic are shown next to the respective calculated topic in 
the legend. 
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The effect of sous vide cooking on endogenous proteolytic enzymes in beef brisket (#140)

Lovedeep Kaur3, 1, Seah X. Hui2, Mike Boland1

1 Massey University, Riddet Institute, Palmerston North, New Zealand; 2 Singapore Institute of Technology, Singapore, Singapore; 3 Massey University, School of Food and Advanced Technology, Palmer-
ston North, New Zealand

Introduction
Sarcoplasmic proteases are crucial in protein catabolism and post-mortem 
muscle softening. It is believed that two main proteolytic systems are in-
volved in the post-mortem tenderization of meat: the cathepsins and the cal-
pains. Many researchers consider the calpain system, and especially µ-cal-
pain, to be the major contributors to meat tenderness (Bowker et al., 2010, 
Koohmaraie and Geesink, 2006). However, this assumption is debatable and 
has not been fully proven (Herrera-Mendez et al., 2006). Meat tenderness, 
particularly for tougher cuts such as brisket, may also be developed during 
the cooking step, especially if the meat is heated for a longer duration at 
temperature that is optimum for enzyme activity (Ertbjerg et al., 2012). This 
investigation was designed to study the effect of sous vide cooking at dif-
ferent temperatures (50-70˚C) for up to 24 h on the activities of endogenous 
proteolytic enzymes in order to determine their contribution to tenderness 
of beef brisket.  
Methods
Hot boned briskets from three steers were obtained at 6 hours post-mortem 
and were stored at 4°C for 24 hours followed by sous-vide cooking in a wa-
ter bath at 50, 55, 60, 65 or 70°C for 1, 5 or 24 h. Calpain and cathepsin B, 
H and L activities were determined in the sarcoplasmic protein extracts as 
described by Chéret et al. (2007). Significant differences were determined 
by one-way ANOVA Tukey test at 95% significance level using Minitab® 17 
(Minitab Statistical Software, 2014).
Results
Calpain was found to be active at 50 ˚C for the first hour but approximately 
96% of its activity was lost at temperatures above 55˚C after 1 hour. There 
was an increase in cathepsin B + L activity for meat heat treated at 50˚C for 
1 hour and increasing the heating time from 1 hour to 24 hours led to a de-

crease in activity to about 47 % relative to the untreated meat. Cathepsin B + 
L were active for the first 5 hours at 55 ˚C but only retained about 6% of their 
activity after 24 hours. For cathepsin H, no extractable activity was detected 
after 5 hours of cooking at 55 ˚C and above. Based on these results, cathep-
sin B and L were found to be relatively heat stable at sous vide temperatures 
(50˚C for 24 hours, 55˚C for 5 hours and 60˚C and 70˚C for 1 hour, Figure 
1) as compared to other endogenous enzymes (calpain and cathepsin H).
Conclusion
These results suggest that cathepsin B and L may contribute to the im-
proved meat tenderness usually seen in sous vide treated meat.

  
Figure 1 
Relative activity of cathepsin B + L in hot boned beef brisket heated 
at 50 ˚C (□), 55 ˚C (○), 60 ˚C (∆), 65 ˚C (´) and 70 ˚C (◊) for 1, 
5 and 24 hours.

* Each data point represents the mean value from three animals (er-
ror bars indicate SD).
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Modelling subcutaneous fat deposition in growing South African lambs (#146)
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1 Stellenbosch University, Department of Animal Science, Stellenbosch, South Africa; 2 Western Cape Department of Agriculture, Directorate: Animal Science, Stellenbosch, South Africa; 3 University of 
Queensland, Centre for Nutrition and Food Sciences, Queensland Alliance for Agriculture and Food Innovation (QAAFI), Queensland, Australia

Introduction
The fat deposition characteristics of different sheep breeds vary according 
to the selection pressures applied to the breed, as well as its potential for 
growth . With regard to the value of lamb carcasses, the degree of fat cover 
of the carcass is one of the main determining factors. It is thus important 
to be able to predict the rates of fat deposition so as to determine an ideal 
slaughter weight with optimal fat cover for different sheep breeds. By incor-
porating ultrasound (US) technology, subcutaneous fat depth can be mea-
sured on the live animal, so that fat deposition can be monitored in growing 
lambs. The aim of this study was thus to develop mathematical models that 
can be used to predict subcutaneous fat depth of lambs from seven breeds 
that are popular in South African sheep production systems.
Methods
From an initial body weight of 20 kg, the back fat depth of 69 ewe and 63 
ram lambs from six South African sheep breeds was scanned at two week 
intervals, until the lambs attained mature body weights at about 1 year of age. 
The breeds included were Dohne Merino (DH), Dormer (DM), Dorper (DP), 
Meatmaster (MM), South African Mutton Merino (SAMM) and White Dorper 
(WD). The lambs were reared in a feedlot under optimal growth conditions. 
Scanning of the subcutaneous back fat depth of the longissimus lumborum 
muscle at the 13th rib was performed using a Mindray DP 30V ultrasound 
scanner, with a linear transducer. Measurements were taken at the midpoint 
of the width of the muscle. The US measurements were regressed with the 
accompanying body weights of the lambs at sampling in order to fit appro-
priate regression equations to describe the change in ultrasound fat depth 
with body weight as the lambs grow. The exponential function in the form 
of Y= A·exp(B·W), where Y is the fat depth at body weight W and the coef-
ficients A and B are the model parameters, was found to be most appropri-
ate in describing the datasets. The parameter estimates of the models were 
compared to determine any differences between breeds and sexes. In order 
to correct for any measurement error of the US scanner, a calibration was 
set up using data collected from 310 lambs, of different breeds,  that were 
slaughtered between 4–12 months of age with varying degrees of fatness. 
The back fat depths of these lambs were measured with the scanner two 
days prior to slaughter; the fat depth of a chop excised at the same position 
was then measured using a calliper 24 hours after slaughter. A linear regres-
sion was then fitted to the relationship between ultrasound fat depth and 

calliper fat depth to determine the calibration.
Results
Moderate to high R2 values were obtained between the observed and ex-
pected values, with 61.1-75.2% of the variation being accounted for in the var-
ious production groups. The parameter values of the exponential function, 
fitted to the back fat curves, were compared between the breeds and sexes 
(Table 1). No interactions were observed between the main effects of breed 
and sex. Rams presented significantly higher A parameter values, with low-
er B parameter values, than ewes. The A parameter (initial fat depth, when 
W=0) values  did not vary between breeds (P >0.05). The DP, WD and DH 
breeds presented significantly higher B values that that of the SAMM breed, 
though no differences were observed between the remaining breeds. The 
Dorper breeds are known to be early maturing and exhibit high levels of fat 
deposition. It is thus expected that these early maturing breeds would have 
higher rates of fat deposition (B values) than late maturing breeds such as 
the SAMM. As ewes also mature earlier than rams, they would also exhibited 
a higher rate of fat deposition.
Table 1. Comparison of the effects of sex and breed on estimates of model 
parameters of the exponential function fitted to describe the back fat depo-
sition of growing lambs.
Main effect Parameter#

A B

Sex Ram 0.2290a ± 0.0170 0.0198a ± 0.0010

  Ewe 0.1527b ± 0.0179 0.0320b ± 0.0009

  P-value 0.003 <0.0001

       

Breed Dohne Merino 0.1416 ± 0.0309 0.0272ab  ± 0.0017

  Dormer 0.1632 ± 0.0307 0.0245abc ± 0.0017

  Dorper 0.2596 ± 0.0309 0.0300a   ± 0.0017

  Meatmaster 0.2200 ± 0.0249 0.0245abc ± 0.0014

  SA Mutton Merino 0.1940 ± 0.0326 0.0215c   ± 0.0018

  White Dorper 0.1669 ± 0.0286 0.0277ab  ± 0.0016

  P-value 0.081 0.010
a-c Column means within main effect with different superscripts vary (P 
<0.05).
#Exponential function fitted: (Y= A·exp(B·W)), where Y denotes back fat 
depth (cm) at body weight W (kg).
For the correction of US measurements, the linear model of y=1.8531x-0.1029 
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(R2 =0.730), where x is US fat depth and y is the actual fat depth, was derived 
between measured and actual fat depths. This regression can be incorporat-
ed with the above models in order to determine the actual fat depth from the 
predicted fat depth with reasonably high accuracy.
Conclusion
Lamb producers can utilise the models developed in order to run simulations 
that can be used to accurately predict the fat cover of the different breeds 
at specific a specific weight. This will then aid producers in establishing an 
ideal slaughter weight for different breeds, to achieve optimal profitability.
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Myofibrillar protein-dextran conjugates: Linking the improved functional properties to the molecular and 
physicochemical characteristics (#147)

Yujuan Xu, Minyi Han, Xinglian Xu, Guanghong Zhou, Changbo Tang
Nanjing Agricultural University, Key Laboratory of Meat Processing and Quality Control, MOE;College of Food Science and Technology, Nanjing, China

Introduction
    In recent years, consumer demand for foods with improved and desirable 
functional attributes has attracted a great deal of attention. Hence, the food 
industry is increasingly focusing on the search for procedures to obtain new 
multifunctional ingredients. These techno-functional issues have led to in-
creasing research interest and effort devoted to glycation (Maillard reaction), 
which is an efficient, economical and safe strategy for improving the func-
tionalities of proteins. Myofibrillar protein (MP) accounts for approximate-
ly 55%-60% of total meat proteins. What’s more, it is highly digestible and 
non-allergic. Besides, MP is abundant in high biological value. In this regard, 
the current work was undertaken to systematically investigate the effect of 
glycation on the molecular structure changes at conformation levels of MP 
using dextran (DX) with various molecular weights, and to ascertain the im-
plications of these physicochemical and molecular changes on the solubility 
property of resulting conjugates.
Methods
Measurement of UV absorbance and browning extent
      The UV-Vis analyses were performed using a spectrophotometer (UV-
1800, Shimadzu, Kyoto, Japan). Samples were dissolved in PBS (20 mmol/L, 
pH 7.5) to a final concentration of 1 mg/mL, and each sample was scanned at 
wavelengths ranging from 200 to 450 nm. 
Far-UV circular dichroism (CD) spectroscopy 
    The CD curves of the samples (0.3 mg/mL) were obtained in the 200 to 
260 nm range with a CD spectrometer (Applied Photophysics, Surrey, UK). 
The ∝-helix content (%) was calculated using CD Pro software and was ob-
tained from a Chirascan spectrometer.
Solubility profile
    The solubility of samples was evaluated by adjusting the pH of each solu-
tion (1 mg/mL) to pH 5.5 (isoelectric point) and pH 7.5 (reaction conditions). 
The solutions were centrifuged at 10,000 × g for 15 min. The solubility was 
calculated as the percentage of the protein content remaining in the super-
natant relative to the total protein content in the sample.
Results
Evidence for the formation of MP-DX conjugates
    The changes in absorbance at 294 and 420 nm were presented in Fig. 1. 
The greatest intensity difference among the samples was observed at the 
absorbance peak at 294 nm and indicated the formation of a Schiff base. 

Specifically, the extent of glycation increased as the molecular weight of the 
DX increased, indicating that the conjugation was dependent on the size of 
the DX.
Changes in the secondary structure of MP
    The CD spectrum of non-treated MP exhibited two negative bands near 
208 and 222 nm (Fig. 2), demonstrating the predominance of ∝-helix mo-
tifs. Glycated MP showed a different CD pattern. Obviously, the magnitude 
of each of these two peaks was greatly decreased after glycation, Imply-
ing significant disruptions and losses of the structure of myosin ∝-helix of 
light meromyosin (LMM). Typically, ∝-helix structures are buried in the inte-
rior sites of polypeptide chains and are related to stability of protein. In this 
sense, evaluation of the extended secondary structure showed that glycation 
caused MP molecules to unravel and become more flexible and disordered.
Solubility
      Fig. 3 showed the solubilities of non-treated MP, MPH and the glycat-
ed MP samples at pH 5.5 and 7.5. Non-treated MP showed a solubility of 
44.7% at pH 7.5. At pH 5.5, close to its isoelectric point, its solubility was 
lower than that at pH 7.5. There was no net charge on the protein around its 
isoelectric point, and thus, the MP tended to aggregate. With respect to the 
conjugation effect at pH 7.5 (reaction conditions), the solubilities of the gly-
cated MP samples were significantly higher (P < 0.05) than non-treated MP, 
and notably, DX-70 showed the highest solubility (approximately ~88.5%). 
The considerable increase in solubility was well correlated to the reason that 
more hydrophilic groups were present on the surface of the MP due to DX 
attachment, which caused steric hindrance that could prevent interactions 
among MP molecules and improved the affinity between MP and water mol-
ecules, thereby increasing solubility. At pH 5.5, with increasing DX molecular 
weights, the solubility gradually increased. However, the difference between 
the solubilities of MP-DX 20 and 40 was quite small. Nevertheless, MP-DX 
70 was significantly (P < 0.05) more soluble. In this regard, these solubility 
differences could be attributed to glycation induced the shift of the isoelec-
tric point to a lower pH value.
Conclusion
    The current work provides important information about the glycation of 
muscle protein in a liquid system. Distinct changes in the secondary struc-
ture increased the solubility of MP, a key functional attribute for muscle food 
processing applications. Overall, understanding the mechanism for improv
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ing the functionality of MP via glycation would broaden the applicability of 
MP in the food industry.

 
Solubility changes Fig. 3. Changes in solubility of MP following dif-
ferent treatments at pH 7.5 and 5.5. Means with different letters 
(a–e) within the same parameter group differ significantly (P < 0.05). 

 
CD spectra Fig. 2. CD spectra changes in MP following different treat-

ments.  
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UV absorbance Fig. 1. Changes in the UV-Vis absorbance of MP follow-
ing different treatments.
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Using the check-all-that-apply (CATA) method for sensory evaluation of fresh pork (#163)

Evan P. Bittner1, Robert van Barneveld2, Darryl D’Souza2, Scott Hutchings1, Hollis Ashman1, Frank R. Dunshea1

1 University of Melbourne, Department of Agriculture and Food Science, Parkville, Australia; 2 The SunPork Group, Murarrie, Australia

Introduction
Check-all-that-apply (CATA) methodology utilises a versatile multiple-choice 
question in which respondents are presented with a list of words or phrases 
and asked to select any and all that they consider appropriate (Ares and 
Jaeger, 2015). CATA has been widely used in other food categories to as-
sess quality, but little information exists in its application to fresh meat. The 
application of CATA is reported to be a more rapid alternative of sampling 
consumer perception of sensory characteristics of food products, providing 
similar information to that obtained using descriptive analysis with trained 
consumer panels (Ares et al. 2010, Ares & Jaeger 2015, Bruzzone et al 2012, 
Dooley et al. 2010). Despite being easy and quick for participants, CATA re-
sponses have been shown to be reliable with a high test-retest reliability 
of sensory product characterisation across multiple studies (Ares & Jaeger 
2015). Considering the difficulty in asking consumers to rate the ideal inten-
sity of a large set of attributes using unstructured scales, it has been sug-
gested that answering CATA questions to describe sensory characteristics 
of their ideal product may be more ideal (Ares & Jaeger 2015). This study 
paired hedonic sensory assessment of samples with CATA to evaluate the 
viability of CATA to assess quality in meat, as well as give deeper descriptive 
data on overall liking and quality. 
Methods
Cantonese consumers (n=256) were recruited in Hong Kong and offered 
pork samples of different cuts (Loin, Scotch and Leg) as well as different 
sources (locally sourced, Standard Australian, Premium Australian).  Sam-
ples were grilled in full steaks as required until medium well (internal temp 
65°C) then cut into small cubes (~1cm x 1cm) for presentation to the par-
ticipants. All samples were served blind without descriptive information. 
Participants first evaluated the sample for appearance, aroma, tenderness, 
juiciness, flavour and overall liking on a hedonic scale, making note of any 
off flavours, their purchase intent and rated the quality from unsatisfactory to 
premium. Finally, consumers were asked to evaluate the sample using CATA. 
All questionnaires were entered into Microsoft Excel and statistics analysed 
using IBM’s SPSS. Hedonic results were analysed using REML with means 
adjusted for significant effects of gender, age, day tested and group. For 
CATA significance of each term was conducted using Cochran’s Q test for 
non-parametric paired data. Pair-wise significance was tested using McNe-
mar’s test for non-parametric data for paired or matched samples.
Results

CATA analysis showed Australian pork samples scored significantly high-
er than local samples for all positive attributes (P<=0.05) and significantly 
lower for five of the nine negative attributes (P<=0.05) tested. Examples of 
CATA analysis for a positive and negative attribute can be seen in figures 1 
and 2. The premium Australian product trended higher for positive and low-
er for negative attributes than the standard but these differences were not 
always significant. This analysis mirrors the overall hedonic testing results, 
with all Australian pork samples scoring consistently higher than equivalent 
locally sourced samples across all attributes measured (Figure 3, P<=0.001). 
Between Australian samples, a standard product (scotch) had the highest 
sensory score, but overall the premium product was far more consistent 
across the entire carcass.
Conclusion
The consistency of results between hedonic assessment and CATA clearly 
show evidence of CATA being a viable tool for quality assessment of fresh 
meat with untrained consumers. Furthermore, the CATA analysis when cou-
pled with hedonic testing shows great insight into liking patterns of foreign 
consumers within a new test-market, allowing for a more detailed under-
standing of how they responded to the new product, as well as several key 
descriptive adjectives for marketing purposes.
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Figure 3 Mean hedonic scores for all samples. Bars in-
dicate 95% confidence intervals (***P<=0.001)   

 
Figure 2 CATA results for negative attribute 淡而無味, (English 
trans. Plain) letters indicate significance (P<=0.05) 

 
Figure 1 CATA results for positive attribute 甘香, (English trans. 
Subtle sweetness) letters indicate significance (P<0.05).
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Improved accuracy of Dual Energy X-ray Absorptiometry prediction of lamb carcass composition using 
unattenuated image space adjustment (#172)

Stephen L. Connaughton1, Fiona Anderson1, Khama Kelman1, Andrew Williams1, Sean Starling2, Graham E. Gardner1

1 Murdoch University, School of Veterinary and Life Sciences, Murdoch, Australia; 2 Meat and Livestock Australia, North Sydney, Australia

Introduction
An online Dual Energy X-ray Absorptiometry (DEXA) has shown good pre-
cision when predicting carcass fat % determined from computed tomog-
raphy (CT) (Gardner et al. 2018), demonstrated across phenotypically and 
genetically divergent lamb populations (Connaughton et al. 2017). However, 
multiple studies indicate DEXA prediction of the same lamb carcass over 
several days is variable (Gardner et al. 2018, Connaughton et al. 2018). This 
inaccuracy appears to be related to a drift in the detector readings due to 
constant operation of the DEXA, demonstrated by preliminary analysis of 
unattenuated pixel values within images captured during a standard day’s 
operation. Therefore, we hypothesised that adjusting for this drift by contin-
uous sampling of pixels in unattenuated regions of each image would resolve 
this inaccuracy.
Methods
Two experiments were undertaken to assess the calibration of an online 
abattoir DEXA system installed in Bordertown, South Australia. The first 
experiment had 10 carcasses scanned 5 times in immediate succession at 
the start and end of a day, while in the second experiment 30 carcasses 
were scanned once at the end of the day for 3 consecutive days. Computed 
tomography (CT) Fat % was predicted for each carcass by DEXA via the 
method described in Gardner et al. 2018. To test a new calibration method 
that accounts for detector drift, this prediction process was repeated with 
the inclusion of an adjustment based on the ratio of the unattenuated pixel 
values recorded in the current image, and those captured in a calibration 
scan at the start of the day. An increasing unattenuated value from the base 
value of 4095 led to a ratio-based adjustment down of each pixel within the 
image, including pixels containing tissue. A linear mixed effects model was 
used (SAS 9.1, SAS Institute, USA) to assess the mean carcass CT Fat % 
predictions within all groups in each experiment, before and after application 

of this adjustment.
Results
Prior to adjustment using the new calibration method, there were marked 
differences between the mean carcass CT Fat % predictions at the start 
of the day versus the end of the day (P<0.01, see Table, Experiment 1), and 
between days (P<0.01, see Table, Experiment 2). These differences became 
insignificant after applying the new calibration method (see Table).
    Scan Run - Experiment 1   Scan Day - Experiment 2

    1 2 3 4 5   Wed Thurs Fri

Before 
C a l i -
bration

AM 19.4a 18.5a 18.6a 18.9a 18.7a   - - -

PM 23.2b 23.4b 23.2b 23.5b 23.4b   10.3a 11.9b 23.0c

A f t e r 
C a l i -
bration
 

AM 22.2c 21.3c 21.0c 21.1c 21.0c   - - -

PM 22.4c 22.5c 22.5c 22.4c 22.5c   21.3d 21.0d 20.8d

Conclusion
In support of our hypothesis, a calibration using the unattenuated image area 
of each image reduced the differences in CT Fat % over time. This result in-
dicates that the changes in the unattenuated space within images through-
out the course of a day, or over several days, could be due to progressive 
sensitization of the x-ray detectors over a period of repeated exposure, or a 
subtle increase in outputted beam kV from the x-ray tube over a period of 
repeated activation. Future work will focus on the inclusion of a previous-
ly utilized synthetic phantom into all images to provide superior calibration 
throughout the day, and will also focus on detecting and adjusting for hard-
ware discrepancies. This work will result in improved prediction accuracy of 
carcass composition, providing a more robust lean meat yield measurement 
device for the Australian lamb industry, and improve confidence in the mea-
surement technology.
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Impact of slaughter method on lamb Musculus longissimus thoracis et lumborum quality attributes (#181)

Elin Stenberg1, Katarina Arvidsson-Segerkvist1, Anders Karlsson1, Aðalheiður Ólafsdóttir2, Oli Tór Hilmarsson2, María Gudjónsdóttir3, 
Guðjón Thorkelsson2, 3

1 Swedish University of Agricultural Sciences, Animal Environment and Health / Production systems, Skara, Sweden; 2 Matís ohf, Icelandic Food and Biotech R&D Institute, Reykjavik, Iceland; 3 University 
of Iceland, Faculty of Food Science and Nutrition, Reykjavik, Iceland

Introduction
A recent study indicated a decrease in tenderness of cooked longissimus 
dorsi muscle of Icelandic lamb during the last two decades (Thorkelsson & 
Eythórsdottir, 2018). Probable reasons for this trend include a combination of 
effects from breeding for increased muscle and decreased fat using proge-
ny testing based on ultrasound measurements of live animals (Eiriksson & 
Sigurdsson, 2017), and changes in slaughter practices with faster chilling of 
lamb carcasses together with low voltage electrical stimulation. This treat-
ment increases the risk of cold shortening and heat toughening (Warner et 
al., 2010).
The aim of this study was to investigate whether different slaughter systems, 
affect quality attributes in Icelandic lamb meat. This is of special interest 
since artisanal slaughter with slower carcass chilling is said to result in meat 
with higher tenderness.
Methods
Meat from 20 lamb carcasses were studied. Lambs used were intact ram 
lambs in twin pairs, one slaughtered at a commercial abattoir (slaughtering 
2500 lambs/day) and the other in a local artisanal abattoir (slaughtering 75 
lambs/day). Age at slaughter was 150-160 days. All lambs rested at the abat-
toir for 12 hours overnight without feed, but with ad libitum water. All carcass-
es were hung by the Achilles tendon after dressing.
Commercial abattoir                   
The transport time from the farm to the commercial abattoir was three hours 
in a ventilated lorry. The lambs, were stunned electrically (head to back) with 
110 V, 50 Hz for 5 s and exsanguinated. After dressing and evisceration the 
carcasses were electrically stimulated with 10A and 80 volts for 60 seconds 
before entering the chiller. The carcasses were then chilled at 2-4°C for 30 
hours before sampling of M. longissimus thoracis et lumborum (LTL).
Artisanal abattoir 
The transport time was 30 minutes from the farm to the artisanal abattoir. 
All lambs were stunned with a captive bolt pistol and exsanguinated. The 
carcasses were kept at 10-15°C for approximately the first six hours after 
slaughter and then chilled at 3-4°C overnight.
Sampling, packaging, handling and analyses of M. longissimus thoracis et lumborum 
Carcass characteristics such as conformation (five classes) and fat score 
(six classes) ,according to the EUROP scale, as well as hot and cold carcass 

weight was registered. LTLwith subcutaneous fat were cut from the carcass-
es, between the last lumbar vertebrae and the seventh thoracic vertebrae, 
24-30 hours after slaughter. Muscles from the left side of all carcasses were 
aged for 6-7 days after slaughter at 2-4°C and analysed fresh. All muscles 
were analysed for sensory properties, WBSF (Warner Bratzler shear force), 
NIR (Near Infrared Spectroscopy), NMR (Nuclear Magnetic Resonance 
Spectrometer), pH and colour measurements (L* (lightness), a* (redness), 
and b* (yellowness)). Sensory evaluation was carried out using a trained 
panel of 6-10 panellists on five different sessions. Meat was cooked sous 
vide at 68°C for one hour and then fried very lightly in a dry pan. Panellists 
evaluated each sample on a scale from 1 to 100. Shear force was analysed 
on cooked meat with sample dimension of 1x1x3 cm (width x height x length) 
that were cut orthogonal to the fibre direction.
Statistical analyses 
Statistical analysis was performed using the Statistical Analysis Software 
(SAS 9.4, SAS Inst. Inc., Cary, NC, USA). Data were analysed using Proc 
GLM, with slaughter method as fixed effect. Differences with a p-value <0.05 
were considered significant.  Principal Component Analysis (PCA) was per-
formed in Unscrambler X (Camo AS, Oslo, Norway) on all data to find simi-
larities and differences between the two treatments. The data was centred 
and weighed with the inverse of the standard deviation of each variable to 
correct for the use of different units.
Results
Variation in meat quality measurements was higher within slaughterhouses 
than between them resulting in very little statistical differences between the 
two slaughter treatments. The only significant differences were observed in 
grading for fatness (2.3 in commercial and 2.5 in the artisanal, p < 0.0001). 
Differences in classification of fatness could to some extent be explained by 
different classifiers at the different slaughterhouses, which could affect the 
results. Results of the shear force show no significant difference between 
the slaughter methods but the results confirm that Icelandic lamb meat has 
become less tender, since the shear force values from this study (42.2 N/cm2 
in commercial and 49.0 N/cm2 in artisanal) are higher than result presented 
in previous studies, 1.75 kg/cm2 (Sanudo et al., 2003). The PCA analysis (Fig. 
1) showed a partial overlap of the samples from the two slaughter methods, 
indicating only minor differences in the meat due to the two treatments. The 
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PCA was in good agreement with the analysis of the individual parameters.
Conclusion
Very little differences were obtained in the studied meat quality attributes of 
fresh lamb meat between the industrial and artisanal abattoirs. The effects 
of breeding for muscular and leaner carcasses needs to be studied further.
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and the Nordic Network of Meat Science.

 
Literature list

 
PCA scores and loadings of all studied variables from the artisanal and 
commercial slaughter methods Figure 1: PCA scores (top) and load-
ings (bottom) of all studied variables in fresh meat from the artis-
anal (ART) and commercial (COM) slaughter methods. Numbers describe 
the twin lamb pairs.
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Incorporation of thermo-reversible and thermo-irreversible curdlan gels for improving thermal gelling properties 
and rheological behaviors of myofibrillar protein (#291)

Qian Liu, Shuai Jiang, No
Northeast Agricultural University, College of Food Science, Harbin, China

Introduction
Myofibrillar protein (MP) is a dominant structural and functional component 
in fresh meat and is crucial in affecting quality profiles of processed meat 
products [1]. Moreover, water holding capacity (WHC) is an invaluable func-
tional property of MP gels, which can directly influence the amount of wa-
ter entrapped within the gel network [2]. Consequently, from a more prac-
tical view, the selection of emerging technologies or the addition of natural 
polymers should be applied in the meat industry to obtain meat products 
with improved quality. In our previous work, we found that the addition of 
thermo-reversible curdlan gels (TRC) and thermo-irreversible curdlan gels 
(TIRC) significantly enhanced the textural characteristics and gel properties 
of frankfurters (not published). Therefore, the purpose of this study was to 
evaluate the influence of the two types of curdlan gels (TRC and TIRC) on 
the thermal gelling properties and rheological behaviors of heat-induced MP 
gels.
Methods
Extraction of MP
MP was extracted according to the procedure described by Xia et al. [3]. All 
steps were conducted in a 4 °C cold room. The final MP concentration was 
evaluated via the Biuret method [4].
Preparation of two types of curdlan gels
Two types of curdlan gels were prepared according to the method of Wu et 
al. with some modifications [5].
Preparation of MP-TRC or MP-TIRC sols
Pre-determined amount of MP was suspended in 50 mM PIPES buffer con-
taining 0.6 M NaCl (pH 6.25) to give a final protein concentration of 40 mg/
mL. Then, different levels of TRC or TIRC were mixed into MP solutions to 
obtain final curdlan concentrations at 0.1, 0.2, 0.3, 0.4, and 0.5% (w/w, based 
on the total weight of MP) to make MP-TRC or MP-TIRC sols.
Preparation of MP-TRC or MP-TIRC gels
The MP-TRC or MP-TIRC sols prepared as described above were trans-
ferred to 30 × 50 mm (length × diameter) glass vials, and heated in a water 
bath at 75 °C for 20 min. Then, the vials were immediately chilled in an ice 
slurry and the obtained gels were stored at 4 °C for 24 h.
Gel strength
Before the gel strength measurement, the gels were equilibrated at room 
temperature for at least 1 h. Gel strength was analyzed with a Model TA-

XT2 texture analyzer (Stable Micro Systems Ltd., Godalming, UK) with an 
attached 5 kg load cell.
Water holding capacity (WHC)
The WHC of the gels was measured using the method of Hu et al. with some 
modifications [6].
Dynamic rheological measurements
The rheological behaviors during thermal gelation of MP sols with or without 
TRC and TIRC were determined using a rheometer (DHR-1, TA Instruments 
Inc., New Castle, DE, USA) equipped with two parallel plates (diameter 40 
mm) set 1 mm apart.
Results
Gel strength
Results are presented in Table 1 and show the gel strength of MP composite 
gels with and without various concentrations of TRC or TIRC. Compared 
with the control group (MP alone), the addition of TRC or TIRC significantly 
enhanced the gel strength of MP composite gels (P < 0.05). However, the 
gel strength of MP composite gels containing 0.4% to 0.5% TRC, or those 
containing 0.3% to 0.5% TIRC showed no significant differences within each 
range, respectively (P > 0.05). Moreover, when compared to TIRC, TRC in-
clusion resulted in a higher gel strength among equal concentrations (P < 
0.05), which indicates that the MP-TRC gels had stronger textural charac-
teristics.
Water holding capacity
 As shown in Table 1, when compared with the control group, the addition 
of TRC noticeably enhances the WHC of MP composite gels (P < 0.05), 
but between 0.4% and 0.5% addition amounts no significant difference was 
observed (P > 0.05). However, only higher addition amounts of TIRC (0.3% 
to 0.5%) significantly increased the WHC of MP composite gels over the 
control group (P < 0.05). Moreover, when compared to TIRC, TRC incorpo-
ration resulted in higher WHC at the same inclusion level (P < 0.05), which 
indicates that MP-TRC composite gels possess a stronger ability to entrap 
water. The maximum WHC (68.37%) of a MP composite gel was obtained 
with a TRC concentration of 0.4%.
Dynamic rheological behaviour during gelation
As depicted in Fig. 1A and B, compared to the MP control, the addition of 
TRC or TIRC at different concentrations led to higher initial G’ values before 
heating but lower G’ values when the temperature reached the first peak 
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(Tp). As presented in Fig. 1 C and D, the initial and final G’’ values for the 
MP-TRC or MP-TIRC were significantly higher than that of the control group 
(MP alone) (P < 0.05). Moreover, TRC rendered higher G’’ values than TIRC 
among equal addition amounts during the final heating temperature (80 °C) 
(P < 0.05).
Conclusion
Compared with the control samples, the enhanced gel strength and WHC 
of the MP gels could be attributed to the interaction of TRC or TIRC with the 
MP gel matrix during heat-induced gelation. This was verified by dynamic 
rheology analysis. Therefore, these two types of curdlan gels had distinct 
effects on the gelling properties and rheological behaviors of MP. 

 
Table 1 Gel strength and WHC of MP gels containing different concen-
trations of TRC or TIRC Values are given as means ± SD from triplicate 
determinations; for each column letters a-e indicate significant dif-
ferences between samples (P < 0.05).

   
Figure 1. The dynamic rheological behaviors analysis (G’, the storage 
modulus; G’’, the loss modulus
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On the steam-assisted cooking of beef: Effect of steam injection level (#348)

Ruihong Feng1, 2, Yulong Bao2, Peng Zhou1, 2

1 Jiangnan University, School of Food Science and Technology, Wuxi, China; 2 Jiangnan University, State Key laboratory of Food Science and Technology, Wuxi, China

Introduction
In recent years, consumers have been paying more and more attention to 
food safety and nutrition. Steam-assisted cooking of meat has been reported 
to be beneficial due to many aspects, such as reduce the cooking time, pro-
duce juicy meat, reduce the amount of salt and oil in the meat, avoid forming 
too much hazardous chemicals at very high temperatures, etc. Steam-as-
sisted oven has gradually emerged in domestic cooking and it can be used 
for preparing of a wide range of meals. This study aims to explore the effect 
of steam injection level on the cooking conditions (temperature and humidi-
ty) within the oven, and their effects on meat quality.
Methods
Beef sirloins purchased from a local supermarket were used for the pres-
ent study. Meat pieces (2 cm thick, equilibrated at room temperature) were 
cooked to a center temperature of 71 ℃ in an oven (C906, Robam Ltd., Hang-
zhou, China) at 200℃ under natural convection (NC), NC with low steam 
injection level (NC/LS), and NC with high steam injection level (NC/HS), re-
spectively. The LS/HS was achieved by injecting steam every 5 min / 2 min.
During cooking, center temperature of meat, dry bulb and wet bulb tempera-
ture of the oven were recorded. The wet bulb and dry bulb temperatures 
were used to estimate the relative humidity of the oven, through the Magnus 
equation: P = P0* 10^(7.45T/(235+T)). Where P is the saturation pressure of 
water vapor at temperature T (℃); P0 is the saturation pressure of water vapor 
at 0℃ (0.611 kPa). The relative humidity was calculated as Pwet bulb/Pdry bulb 
*100%. The method for estimating relative humidity has been validated under 
100℃, where relative humidity can be measured directly.
Shear force and chewiness were measured by texture analyzer (TA.XT2) 
equipped with HDP/BSK blade. Shear test was performed with trigger value 
at 20.0 g, pre-test speed at 2 mm/s, test speed at 1.5 mm/s and post-test 
speed at 10 mm/s.
Tukey test was used to find the significant difference at P = 0.05 level with 
IBM SPSS software (V20).
Results
Temperature profile was recorded and showed in Fig. 1. At high steam in-
jection level, center temperature of beef samples increased rapidly, while 
no clear difference was found between NC and NC/LS. After around 11 min, 
NC/HS group reached endpoint temperature of 71℃, while NC group re-
quired a cooking time of 17 min. Steam injection had a negative impact on the 
oven temperature. Adding low amount of steam greatly increased the wet 

bulb temperature, which is believed to be more important for the cooking of 
food. At most of the time during cooking, food surfaces are wet and hence 
the temperature will be close to wet bulb temperature. Increased steam had 
a further impact on increasing the wet bulb temperature.
The dry bulb and wet bulb temperatures were used to calculate the relative 
humidity within the oven, by applying the Magnus equation (Fig. 2). Under 
NC, relative humidity increased throughout cooking process, mainly due to 
the evaporation of meat juice. Under NC/HS and NC/LS, it was as expected 
that humidity increased, and we can clearly see the fluctuation of relative 
humidity due to the injection of steam.
Both NC/LS and NC/HS increased the shear force and chewiness of 
cooked beef as compared to NC (P < 0.05). However, no difference was 
found between NC/LS and NC/HS. The effect of steam on shear force and 
chewiness in the present study appeared to be contradictory to some previ-
ous papers, further studies are undertaken to answer this question.
Conclusion
Steam-assisted cooking greatly affected the temperature and humidity pro-
file within the oven. Preliminary results showed that shear force and chewi-
ness were increased when steam was injected to the oven.

 
Table 1. Shear force and chewiness of cooked beef sirloin. NC, natural 
convection; NC/HS, natural convection with high steam; NC/LS, natural 
convection with low steam.
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Fig. 2. Relative humidity (%) changes during cooking of beef sirloin. 
NC, natural convection; NC/HS, natural convection with high steam; 
NC/LS, natural convection with low steam.

 

 
Figure 1. Temperature changes during cooking of beef sirloin 
NC, natural convection; NC/HS, natural convection with high steam; 
NC/LS, natural convection with low steam; Center, the center tem-
perature of beef sample; DB, dry bulb temperature; WB, wet bulb tem-
perature.
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Effect of different cooking methods and temperature on flavor of wet- and dry-aged beef (#351)

Minsu Kim, Hyun Jung Lee, Ji Won Yoon, Dongheon Lee, Choerun Jo
Seoul National University, Seoul, South Korea

Introduction
   Meat flavor is a combined attribute of taste and odor in meat and import-
ant for a consumer attraction. Therefore, there have been a lot of efforts to 
improve meat flavor and aging, especially dry aging, is one of the options. 
Dry aging is defined as the storage of meat without packaging under con-
trolled condition (air flow, relative humidity, and temperature), whereas wet 
aging stores meat in a vacuum-package. When compared to flavor of wet-
aged beef, which is described as sour and bloody/serumy, dry-aged beef 
has beefy and brown/roasted, and cheesy flavor and this flavor is preferred 
with most consumers (Kim et al., 2019; Dashdorj et al., 2016).
  Meanwhile, cooking methods and temperature are the important factors for 
the formation of meat flavor. Generally, oven and grilling are used for cooking 
meat and have different heat transfer processes. Also, cooking temperature 
can affect flavor formation due to the different degrees of the Maillard re-
action. Therefore, flavor of wet- and dry-aged beef should be studied with 
different cooking conditions; however, there were a few studies for dry-aged 
beef flavor. For this reason, this study was conducted to investigate effect of 
different cooking methods and temperature on flavor of wet- and dry-aged 
beef.
Methods
Sample preparation
     A total of eight strip loins were wet- (vacuum-packaged, 4°C) or dry-
aged (air velocity, 2.5m/s; relative humidity, 75%; 4°C) for 28 days. After the 
completion of aging process, the surface of dry-aged beef was trimmed off 
and its internal meat was used as samples.  Both wet- and dry-aged beef 
were cooked with different cooking methods (grill and oven) (EG-GW1700, 
Kichenart, Korea and MA324DBN, LG electronics, Korea, respectively) and 
temperatures (150°C and 230°C) until reaching core temperature to 72°C.
 
Descriptive sensory analysis
     The descriptive sensory analysis conducted for two trials by 10 trained 
panelists. Immediately after cooking, the samples were cut into 1 cm in thick-
ness and kept at 60°C before serving. Then, the panel evaluated the inten-
sities of odor (roasted-beef, burnt, bloody, and dry-aged) and flavor (roast-
ed-beef, burnt, bloody, cheesy, and savory) with 9-point scale (1=extremely 
weak to 9=extremely strong).
 
Statistical analysis

   A randomized block design was applied, using the trial as the block (n=10 
per trial). The general linear model was analyzed with a fixed effect (ag-
ing and cooking method and temperature) and random effect (trial) using 
the SAS 9.3 software program (SAS Institute Inc., USA). Mean values with 
standard error of the means were reported and significant differences were 
decided by the Student-Newman-Keuls multiple comparison test at a level 
of P<0.05.
Results
Intensity of odor
   The intensities of roasted-beef, bloody, and burnt odors in wet- and dry-
aged beef were evaluated with different cooking conditions (Table 1). Re-
gardless of aging method and cooking temperature, roasted-beef odor was 
significantly higher with grill cooking than that with oven cooking and, espe-
cially at 230°C, dry-aged beef had higher score when compared to wet-aged 
one. Burnt odor was also significantly higher with grill cooking, except for 
wet-aged beef at 150°C. This indicates that roasted-beef and burnt odor can 
be increased with grill cooking. Meanwhile, bloody odor of wet-aged beef 
with both cooking methods was significantly weaker at 230°C than 150°C, 
while dry-aged beef did not show significant difference as well as dry-aged 
odor.
 
Intensity of flavor
   When wet-aged beef was grill-cooked at 230°C, its roasted-beef flavor re-
sulted in the highest intensity within the different cooking conditions (Table 
2), while that of dry-aged beef did not show significant difference. Instead, 
dry-aged beef had significantly higher roasted-beef flavor than wet-aged 
beef with oven cooking at 150°C. Similar to odor intensity, burnt flavor of 
grill-cooked wet- and dry-aged beef was significantly higher than that of 
oven-cooked samples, except for wet-aged beef cooked at 150°C. In terms of 
bloody and cheesy flavor, dry-aged beef had significantly weaker and stron-
ger flavor, respectively, than wet-aged beef when grill- and oven-cooked at 
150°C. Grill cooking enhanced roasted-beef and burnt flavor of both wet- and 
dry-aged beef compared to oven cooking, especially at 150°C, it could more 
strongly generate burnt and cheesy flavor of dry-aged beef than wet-aged 
beef.
Conclusion
 In overall, grill cooking enhanced the intensity of odor and flavor from both 
wet- and dry-aged beef compared with oven cooking. Also, results indicated 
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that grilling cooking at 150°C generated stronger odor and flavor of dry-aged 
beef than wet-aged beef. In further study, consumer acceptability for wet- 
and dry-aged beef with different cooking conditions should be studied in 
relation to the present results as well as their volatile compounds in charge 
of the flavor.

 
Table 2. Intensity of flavor in wet- and dry-aged beef with different 
cooking conditions  1Intensities of flavor were evaluated by roast-
ed-beef, burnt, bloody, cheesy, and savory flavor as nine-point scale 
(1=extremely weak to 9=extremely strong). 2Standard errors of means 
(n=80), 3(n=40) a,bDifferent letters within the same row differ signifi-
cantly (P<0.05). x,yDifferent letters within the same column differ 
significantly (P<0.05). 

Table 1. Intensity of odor in wet- and dry-aged beef with different cook-
ing conditions 1Intensities of odor were evaluated by roasted-beef, 
burnt, bloody, and dry-aged beef odor as nine-point scale (1=extreme-
ly weak to 9=extremely strong). 2Standard errors of means (n=80), 
3(n=40). 4Not tested as dry-aged beef flavor connot exist in wet-
aged beef. a-cDifferent letters within the same row differ significantly 
(P<0.05). x,yDifferent letters within the same column differ significant-
ly (P<0.05).  
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Feasibility of dry-cured ham pastiness evaluation using a rheometer (#362)

Elena Coll - Brasas1, Laura Laguna2, Amparo Tárrega2, Jacint Arnau1, Elena Fulladosa1

1 IRTA, Food Technology, Monells, Spain; 2 IATA-CSIC, Instituto de Agroquímica y Teconología de los Alimentos, Paterna, Spain

Introduction
Defective textures in dry-cured ham can be instrumentally determined by 
stress relaxation tests. However, pastiness defect, a mouth sensation de-
scribed as the feeling like a flour-water paste during the mastication process, 
can only be measured by sensory analysis. Flow changes in saliva occurring 
during the mastication of dry-cured ham measured by using a rheometer 
could be assossicated with pastiness feeling.
Thus, the aim of this study was to develop a new feasible methodology for 
dry-cured ham pastiness instrumental characterization based on rheology. 
For that, an initial experiment set up using samples with different pastiness 
intensities will be performed, followed by its application in commercial and 
high pressure treated samples.
Methods
Samples. Three Biceps femoris mucles with different pastiness levels (No, 
medium and high) were obtained, sliced and used for the rheological meth-
od set up and for the evaluation of the effect of High Pressure (HP) treat-
ments at different temperatures (7ºC (HP7), 20ºC (HP20) and 35ºC (HP35)) 
on pastiness using the instrumental rheological method.
In order to develop a model to predict the pastiness perception using a rhe-
ometer, 50 sliced commercial packages of dry cured ham containing Biceps 
femoris muscle were selected and sensory evaluated. Afterwards, the same 
samples were analysed using a RheoStress controlled stress rheometer.
Rheological measurements. 15 gr of sample were cut into small 
pieces, homogenized with distilled water and centrifuged (4000 rpm 3 min 
at 15ºC). Rheological properties of the supernatant were measured with a 
parallel-plates sensor system (60 mm a gap of 0.5 mm) pre-heated at 25ºC or 
37ºC. Flow curves were obtained from stepped shear stress ramp. Ranges of 
shear stresses, in logarithmic distribution, were used in order to obtain shear 
rates between 0.05 and 100 s-1. Data from the flow curves were fitted to the 
Ostwald de Waele fit (σ=Kγn ), where K (Pa s) is the consistency index. All 
analysis were done at least in duplicate.
Statistical analysis. Correlations between the instrumental viscosity 
and sensory pastiness intensity of the commercial samples were performed 
by using Pearsons’ correlation. Effect of temperature on the viscosity and 
differences between the control and HP treated samples at different tem-
peratures were evaluated by using an analysis of variance.
Results
Temperature had a significant effect (p<0.05) on the viscosity measure-

ment of dry-cured ham supernatants, showing higher viscosities at 25ºC in 
comparison to 37ºC (Table 1). At both temperatures, significant differences 
(p<0.05) were only found between the rheological viscosities of high defec-
tive samples and medium/non-defective ones.
Pastiness from commercial samples scored by trained assessors was sig-
nificantly correlated k (r=0.676) and ƞ10 (r=0.653) using the same rheometer 
at 37ºC. However, relationship between sensory pastiness perception and 
reological parameters is not linear.
Feasiability of the rheological methodology to differentiate different pasti-
ness levels from the same sample after producing changes on the initial 
pastiness using high pressure processing is limited. Important changes on 
pastiness can be instrumentally detected (i.e. changes between non-treated 
and HP treated samples) for all the defective levels (p<0.05) (Table 2). How-
ever, a decrease of sensory pastiness, k and η (10) can be observed when 
using temperatures during HP processing but not significant differences 
were found (p<0.05).
Conclusion
This work shows, for the first time, how using a rheometer, dry-cured ham 
pastiness can be instrumentally measured. However, more work is need to 
precisely characterize sensory pastiness using a rheometer.
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Table 2.  
LSMeans of sensory pastiness, k values and instrumental viscosity 
(ƞ) at 10 s-1 of dry-cured hams with different defectives levels when 
using different HP treatments.

 
Table 1. LSMeans of instrumental viscosity (ƞ) at 1 s-1, 10 s-1 and 100 
s-1 when using temperatures of 25ºC and 37ºC on dry-cured ham samples 
with different defective levels.
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A novel cutting method to improve the Shear Force of Hot Boned Beef (#410)

Cameron Jose1, Robin Jacob2, Graham Gardner1

1 Murdoch Universty, Murdoch, Australia; 2 Department of Primary Industries and Regional Development, South Perth, Australia

Introduction
During hot boning (HB), primals are removed from the carcase immediately 
prior to the onset of chilling. The advantages of HB include; ease of boning, 
reduced weight loss and ease of chilling, which all result in reduced pro-
cessing costs. However, HB has been shown to increase toughness due to 
a shorter sarcomere length (Pisula & Tyburcy, 1996) when compared to con-
ventionally hung and chilled carcasses. For this reason, HB is typically used 
for ungraded meat or for low quality ground beef. The aim of this study was 
to investigate a novel cutting method and subsequent chilling that could be 
applied to HB to improve shear force development in the striploin during ag-
ing. Technologies used to improve HB tenderness involve muscular restraint 
and stretching. We hypothesize that partially hot boning the carcase (keep-
ing the striploin attached to the skeleton) will result in improved tenderness 
and increase sarcomere length compared to a fully HB striploin.
Methods
A total of 12 yearling- Droughtmaster (Bos indicus) steers were slaughtered 
at a commercial abattoir. The carcasses were stimulated with a low voltage 
nose to tail stimulation system applied for 5 seconds. The carcasses were 
split into sides and each side was allocated to one of 3 cutting treatments: 
Conventional (carcasses hung by the Achilles/chilled as normal), HB (car-
case quartered at the 10th-11th rib, striploin removed pre-rigor/chilled on a 
rack) and Partial boning (carcase quartered at the 10th-11th rib, short loin 
(AusMeat 1552; AusMeat (2005)) removed pre-rigor, hung from the lumbar 
end/chilled as normal). The cutting treatments were distributed between the 
left and right side of the carcasses evenly. The pH and temperature of the loin 
was monitored hourly over the first 5 hours of chilling. At 72h post-slaughter 
the striploins were removed from all sides, and cut into 3 blocks weighing 
80g each. Blocks were allocated to one of 3 aging treatments (5, 14 and 28 
days), packaged in vacuum bags and stored at 2oC until the respective ag-
ing period had expired, then stored frozen. An additional 1g slice was taken 
for sarcomere measurement and stored at -20oC. For measurement of War-
ner Bratzler sheer force (WBSF), samples were first cooked for 30 minutes 
by sous vide where a core temperature of 70oC was reached. The samples 
were cooled and 5 x 1cm replicate samples were cut parallel to the fiber 
orientation and was measured for WBSF using a Llyod texture analyzer. Sar-
comere length was determined by sectioning 5 thin subsamples parallel to 
muscle fibres. Sections were removed from each sample of frozen striploin. 
Data was analysed using a general linear models in SAS®. Cutting method 

and aging time were used as fixed effects, with WBSF and sarcomere length 
being the dependent variables.
Results
Sarcomere length did not differ  between any cutting treatment, despite 
marked differences in their rate of pH decline. The partial cutting treatment 
resulted in 100% of sides reaching a pH of 6 within the temperature win-
dow of 15-35oC, compared to 75% and 50% for the Conventional and HB 
treatments. The WBSF decreased with aging time across all treatments 
(P<0.001). In contrast to the sarcomere length results, substantial differenc-
es in WBSF were evident between cutting treatments. The Partial cutting 
treatment had the lowest WBSF across all aging periods (Figure 1; P<0.001). 
The WBSF of conventional chilled loin was lower than the HB striploin after 
5 days but not different at 14 and 28 days of aging.
Conclusion
The WBSF benefit in the conventional and partial cutting treatments was 
mostly observed during the early aging periods. Since optimized electrical 
stimulation creates ideal conditions for calpain activation, thus tenderization 
in the early aging periods (Hwang, Devine & Hopkins, 2003), this impact 
could be primarily due to the pH/Temp window being reached. The partial 
boning treatment appears to be more suited for optimized tenderness devel-
opment, likely due to a greater surface to volume ratio enabling more rapid 
chilling, as evidenced in our results. The lack of difference in Sarcomere 
length between cutting treatments contradicts our expectations, which were 
based on previous studies where HB resulted in shorter sarcomere lengths 
(Pisula & Tyburcy, 1996). Although no shortening occurred in this study,   
the benefit of skeletal restraint cannot be ruled out. Mechanical stretching, 
through pre-rigor stretching and restraint, is designed to mimic skeletal 
restraint and to lengthen the muscle. Methods such as Tenderstretch and 
Tenderbound have shown increases to total muscle length  but not the sar-
comere length while also resulting in improved tenderness (Taylor and Hop-
kins, 2011). Thus, it is plausible that the WBSF benefit for the partial cutting 
treatments is due to a combination of skeletal restraint/stretch during rigor 
and a more ideal pH/temp decline. The partial HB of striploin could be used 
as a value adding method. Further studies to determine consumer accept-
ability is required.
Hwang, I. H., Devine, C. E., & Hopkins, D. L. (2003). Meat Science, 65(2), 
677-691.
Pisula, A., & Tyburcy, A. (1996).  Meat Science, 43, S125-S134.
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Agriculture, 391-101.
 

 
Figure 1 The Warner Bratzler shear force (N) values of  beef strip-
loin aged over 28 days from conventionally (Con) boned, partial boned 
(Part) and Hot boned (Hot) beef carcases. Errors are expressed as 

standard error of the mean. 
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Plasma-activated water as alternative source of nitrite for beef jerky manufacture: Microbiological and quality 
effects (#429)

Elena S. Inguglia1, 2, Marcia Oliveira1, Catherine M. Burgess3, Joseph P. Kerry2, Brijesh K. Tiwari1

1 Teagasc Food Research Centre, Food Chemistry and Technlogy, Dublin, Ireland; 2 University College Cork, Food Packaging Group, Food and Nutritional Sciences, Cork, Ireland; 3 Teagasc Food Re-
search Centre, Food Safety, Dublin, Ireland

Introduction
Nitrite (NO2

−) is used a curing agent as it plays a role in the development 
of the distinctive cured meat colour and flavour, inhibits lipid oxidation, and 
controls spoilage and pathogenic microorganisms. Conventional curing pro-
cesses generally use sodium nitrite as a nitrite source, for which the limits 
in brined products are set to 200 ppm. Concerns associated with the use of 
synthetic curing agents, consumers seem to prefer products manufactured 
using natural or clean label processes than the use of agents such as sodi-
um nitrite. Plasma technology has shown significant potential for meat pro-
cessing applications as a preservation technique. Plasmas are recognised 
as the fourth state of matter and result from applying energy (heat, voltage 
or light) to a gas, initiating a breakdown of individual gas molecules into free 
electrons, ions and metastable species including nitrate (NO3

−) and nitrite 
(NO2

−). Therefore, the objective of this study was to compare the quality 
of beef jerky cured by sodium nitrite and by plasma-activated brine (PAW) 
to evaluate the suitability of PAW as an alternative nitrite source in cured 
meat product manufacturing. Additionally, the effect of the PAW on inoculat-
ed meat with Listeria innocua was also monitored during the curing process.
Methods
Round of the eye beef slices (10×4×0.5 cm; L×W×H) were cured in four 
different brine solutions containing: 0, 50, 100 or 150 ppm of NaNO2,150 ppm 
of NaCl and 100 ppm of sugar; plasma activated brine solutions were gen-
erated by hot plasma system for 10 min using Air or N2 as gas sources. 
After 18 h curing at 4 °C, slices were drained and dried in a oven dryer at 
68 °C for ~2 h. Nitrite concentrations (ppm) in the brines and in the jerky 
were quantified by the spectrophotometric Griess method. For quality, pH, 
thiobarbituric acid reactive substances (TBARS), colour parameters (L*, a*, 
b*)and Shear force (N) were determined on jerky samples manufactured by 
standard curing (Control), Air-PAW and N2-PAW treated brines. Moreover, 
L. innocua were inoculated on fresh meat slices at log10 7 cfu/mL and moni-
tored by spread plating on Listeria Selective Agar Base (Oxford) during the 
whole processing chain: fresh meat, brine solution, meat after curing and in 
the jerky. Average values and standard deviations of individual replicates 
were determined from the data. Differences between treatments were com-
pared using factorial analysis of variance (ANOVA) followed by Tukey post 
hoc test at P < 0.05. Statistical analyses were performed using Minitab 17 

Statistical Software (2010).
Results
No significant differences (P < 0.05) were found in the colour (L*, a*, b*), 
texture parameters (WBSF) and lipid oxidation (TBARS) of samples treated 
with PAW compared to standard curing. However, significantly (P < 0.05) 
higher concentration of nitrites were observed in the initial water and after 
18 h in Air-PAW brine (Fig.1). Based on these results, the inactivation of L. 
innocua in beef jerky cured with Air-PAW was monitored and compared with 
standard cured samples. Results showed ~ 1.0 log reduction in the Air-PAW 
brine after curing, regardless of the amount of nitrite added or generated in 
the brine (Fig.2A). On the meat surface, a significant reduction of L. innocua 
was observed in Air-PAW brines containing added NaNO2, while in the jerky, 
significant reductions were observed in all plasma treated brine solutions 
(Fig.2B).
Conclusion
The PAW produced in this study contained enough nitrite to be used as a 
nitrite source for curing beef jerky. When beef jerky was manufactured with 
the addition of PAW, meat qualities were similar to those of jerky cured with 
the conventional curing method. These results also showed that PAW has 
the potential to reduce cross contamination in the brine. In conclusion, this 
technology can be used as an alternative nitrite source with minimal impact 
on product quality. However, further studies may be required to employ PAW 
for surface decontamination on meat products.
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Figure 2 A) Population of L.innocua (log10 cfu/g) in the water used 
for brining; B) Population of L.innocua (cfu/g) in the meat after 
curing and in the jerky. Samples indicated by asterisk (*) are sig-
nificantly different from the control solutions at P<0.05.

 
Figure 1 Concentration of NO2− detected in the brine solutions: con-
trol, Air-PAW and N2-PAW. indicated by asterisk (*) are significant 
different from control and N2-PAW at P<0.05.
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The effect of low-temperature long-time sous vide cooking on texture and juiciness in low valued meat from young 
and old cattle (#487)

Zahra B. Naqvi1, Peter Thomson2, Minh Ha3, David McGill3, Robyn Warner3

1 Charles Sturt University, Faculty of Science, School of Animal and Veterinary Sciences, Wagga wagga, Australia; 2 The University of Sydney, School of Life and Environmental Sciences, Sydney, Austra-
lia; 3 The University of Melbourne, Faculty of Veterinary and Agricultural Sciences, Melbourne, Australia

Introduction
Sous vide is a popular cooking method in restaurants and catering indus-
try globally, It has allowed low-valued tough meat cuts to be transformed 
into tender servings, enabling uniform texture and juicier meat compared to 
traditional cooking methods. Previous research has reported improved tex-
tural properties as a result of sous vide cooking in different livestock species 
(Del Pulgar et al., 2012; Roldán et al., 2013). The present study was designed 
to investigate the effect of low-temperature long-time sous-vide cooking on 
texture properties and juiciness in low-valued tough meat cuts from young 
and old cattle.
Methods
This study comprised of bicep femoris (BF) and semitendinosus (ST) mus-
cles (n=24) from two age groups (young, less than 18 months, n=12 vs old, 
3.5 years; n=12), three heating temperatures (55°C, 65°C and 75°C) and 
three heating times (1 h, 8 h, 18 h). Each muscle was cut into nine steaks 
weighing approximately 167 ± 10 g (mean ± SD). All steaks were weighed, 
vacuum-packed and randomly allocated to a cooking treatment. Cooking 
occurred in temperature-equilibrated water baths and internal temperature 
was monitored by thermocouples attached to a Grant data logger. After 
cooking, the bags  were immediately immersed in an ice bath for 15 minutes 
to cool the samples to room temperature. The percentage of cooking loss 
was calculated by using the method described by Domínguez et al. (2014). 
The hardness, cohesiveness, and chewiness of cooked meat samples were 
calculated as described by Channon et al. (2014).  The data were analysed 
by fitting a linear mixed model using Genstat 18th edition. 
Results
Interactions were seen between cooking temperature and time on cooking 
loss (CL%) for both muscles BF and ST (P < 0.001). Results from each mus-
cle shows the greater cooking loss in the meat from young animals as com-
pared to meat from older animals. Cooking loss increases with increasing 
cooking time as well as temperature (Table 1). A substantial cooking loss 
was found with increasing cooking time from 1 to 8 hours whereas the dif-
ference reduced between 8 and 18 hours. Previous studies demonstrate that 
the cooking losses in meat is largely determined by heat-induced structural 
changes in myofibrillar proteins during cooking (Hughes et al., 2014). Most of 
the water in muscles is located in the myofibrils. Increasing the temperature 

causes shrinkage, denaturation and in some cases solubilisation of muscle 
proteins. The basis for selecting the three temperatures is that between 53°C 
and 63°C, collagen proteins denatures, denaturation of myofibrillar proteins, 
mainly myosin, takes place at 40-60°C, subsequent gelation of collagen fibre 
is at 60-70°C followed by denaturation of actin at 70-80°C (Purslow, Oiseth, 
Hughes, & Warner, 2016).
Compression analysis determined the contribution of connective tissue to 
the tenderness of cooked meat. Hardness, chewiness and cohesiveness 
were influenced by cooking temperature and time. A significant interac-
tion was found between temperature and time in both muscles. Hardness 
was greater in meat from older animals compared to the younger animals. 
A substantial reduction in hardness was observed at 75°C for 18 h cooking 
in both BF (Table 2) and ST (Table 3) muscles and interestingly, a minor 
difference was seen in young and old animals at this temperature. Similar 
patterns were found for chewiness and cohesiveness. Decreasing hardness 
in muscles with high collagen contents from old animals or even from young 
ones cooked at high temperature and for a prolonged time could be due to 
higher temperature increasing the collagen solubility and decreasing con-
nective tissue strength leading to reduced toughness in meat (Christensen 
et al., 2011).
Conclusion
Sous-vide cooking technique improves the textural characteristics in meat 
regardless of the age of the animal but is particularly beneficial for meat 
from old animals. Although decreased meat toughness is achieved through 
appropriate temperature-time combination, associated cooking loss might 
cause a negative impact on mouthfeel experience of consumers. Further 
investigations on consumer sensory perceptions and acceptance of low-val-
ued beef meat particularly from old animals cooked under sous vide would 
be required.
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Means of cooking loss (CL%) in BF and ST

 
Means of hardness(N), chewiness and cohesiveness in ST

 
Means of hardness(N), chewiness and cohesiveness in BF



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

580

Notes
P-08-23 

Effect of low voltage electrical stimulation and suspension method on tenderness and quality parameters of 
buffalo meat (#493)

Muhammad H. Jaspal, Muhammad J. Akhtar, Adeel Manzoor, Jamal Nasir, Iftikhar H. Badar, Bilal Asghar
University of Veterinary and Animal Sciences, Department of Meat Science and Technology, Lahore, Pakistan

Introduction
Buffalo (Bubalus bubalis) is an important alternative to cattle in several coun-
tries, as it presents advantages in terms of adaptation to certain climates, 
utilization of low value fibers, resistance to several diseases and parasites. 
Buffalo meat is one of the healthier red meats known for human consumption 
because of high lean percentage and low cholesterol. However, consumer’s 
complaint regarding toughness of buffalo meat remains a major concern for 
processors and retailers. Considering different post-slaughter technologies, 
Electrical Stimulation (ES) is a standard meat processing technology in beef 
and mutton industry in order to reduce cold-shortening by accelerating rate 
of pH fall, to augment tenderness and improve color. While, Pelvic Suspen-
sion (PS) method increases the sarcomere length of hind-quarter muscles 
which in turn produces tender meat. The purpose of following study was to 
assess the effect of Low Voltage ES and PS on quality parameters of buffalo 
meat as there has been no such study reported so far on buffalo meat.
Methods
Four treatments were randomly applied  on carcasses of 18 months old buf-
falo bulls that had carcass weight of 130±10Kg and were reared under same 
conditions (n=6 per treatment). Treatments included Non-Electrical Stimu-
lation and Achilles Suspension, Non-Electrical Stimulation and Pelvic Sus-
pension, Electrical Stimulation (120V, 15Hz, 30s pulse duration) and Achilles 
Suspension, and Electrical Stimulation (120V, 15Hz, 30s pulse duration) and 
Pelvic Suspension.   After dressing, carcasses were split into two sagittal 
halves. One half was hung from obturator foramen (PS), while, Achilles ten-
don (AS) was used for hanging the other half. Carcass pH was taken at 0, 1, 
3, 5, 7, 9, 11 and 24 hours Post-Mortem (pm). At 24 h pm, Longissimus  lum-
borum (LL) of both sides were excised and cut into n=06 steaks having 
3cm thickness each. Color measurements (CIE L*, a* and b*) and purge-loss 
were measured at 24 h pm. Samples were cooked in water bath to the core 
temperature of 72oC. Cooking loss and Warner-Bratzler Shear Force (WBSF; 
strips of 1cm2 cross-sectional area) were evaluated after cooking. Animals 
served as the experimental unit and data were analyzed using PROC Gen-
eral Linear Model (SAS V9.1).
Results
Rate of pH fall was highest (P<0.05) for ES buffalo carcasses, while, suspen-
sion method did not have affect on pH decline (Figure 1). In case of ES-AS 
and ES-PS, pH dropped below 6.2 (threshold for cold shortening) 4 hours 

earlier than NES-AS and NES-PS, reducing the probability of cold shorten-
ing occurrence in young buffalo bulls. Ultimate pH of ES carcasses was 0.28 
units less than NES. ES and PS resulted in tender buffalo meat (P<0.05) 
compared to NES and AS. Interaction effect indicated that ES-PS produced 
most tender meat (P<0.05) followed by ES-AS and NES-PS, respectively. 
NES-AS meat found to be toughest among four treatments (Figure 2). An 
overall treatment effect showed that ES significantly improved CIE L*, a*, 
b* (P<0.05) of buffalo meat at 24 hour pm. Suspension method did affect 
CIE L*, a*, b* values. Purge and cooking loss were indifferent among all four 
treatments (P>0.05).
Conclusion
ES and PS individually and when applied in combination, synergistically, en-
hances tenderness of buffalo meat. Additionally, ES hastens the rate of pH 
fall compared to NES. Based on known cold shortening conditions (pH and 
time to reach 10oC), ES in combination with PS has commercial potential to 
reduce cold shortening effects in young buffalo bulls. ES also improves color 
parameters (L*, a*, b*) 24 hour post-mortem.
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Figure 2. Effect of treatment on WBFS values

 
Figure 1. Trend of pH decline as affected by treatment
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Using double emulsions to improve quality characteristics of beef sausage  (#504)

Berker Nacak1, 2, Hülya S. Kavuşan1, Burcu Sarı1, Hilal Can1, Fatma M. Serdaroğlu1

1 Ege University, Food Engineering Department, İzmir, Turkey; 2 Uşak University, Food Engineering Department, Uşak, Turkey

Introduction
Although meat cuts have become leaner, products such as ground beef, 
and various types of sausages have higher levels of fat [1]. Fat reduction in 
sausage formulations can be easily achievable by reducing fat directly. How-
ever, it is difficult to maintain technological and sensorial properties at high 
level. In recent years, W/O/W double emulsions (DE) are shown to have 
promising potential in reduced fat meat products because of their role in 
masking flavor, preventing oxidation and improving sensory properties [2,3,4]. 
W/O/W emulsions consist of an inner aqueous phase (W1) dispersed inside 
fat globules (O), which in turn are dispersed in an outer continuous aqueous 
phase (W2).
Nutrition organizations recommend in modern diets not only a certain limita-
tion of fat intake but also a balance between saturated and unsaturated fatty 
acids [5].In modern western diets n6/n3 ratio can be up to 15:1 but according 
to authorities this ratio should be lower than 10:1[6]. Linseed oil (LO) is known 
as an oil which is consisted of n3 fatty acids while peanut oil (PO) is rich in 
n6 fatty acids [7]. Therefore, using PO/LO mixture in formulation can be good 
option to decrease n6/n3 ratio.
In this study, we targeted to search effects of fat reduction and fatty acid pro-
file modification in emulsion type sausages  by replacing beef fat  with  PO/
LO combination in the form of W/O/W.
Methods
Four different emulsion type sausage formulations were prepared (Table 1). 
W/O/W emulsion was prepared based on two-stage homogenization meth-
od [2]. W1 phase consisted of 0.6% NaCl. W2 phase was prepared by dis-
persing 0.6% NaCl and 3% egg white powder (EWP) in  water. O phase was 
consisted of 6.4% polyglycerol polyricinoleate and 93.6% PO/LO (10:1). To-
tal expressible fluid (TEF) [8], processing yield (PY), water holding capacity 
(WHC) [8] and jelly-fat separation (JFS) [9] were analyzed. Sensory proper-
ties of sausages were evaluated in terms of appearance, texture, oiliness, 
taste, rancid taste and general acceptability (1: not like, 9: extremely like). 
Data was analyzed by ANOVA and Duncan Post-Hoc tests using the SPSS 
23 software.
Results
Technological characteristics of samples are given in Table 2. There were 
no significant difference in relation to WHC (p>0.05). Thus, the results ob-
tained in this research indicate that dietary ingredients can improve the yield 
of the sausages. Process yield was higher in W/O/W added samples than 
sausages formulated with 10 or 20% beef fat.   Choi et al. [10] reported that 

the yield depends on temperature, cooking time, ingredients, amount of fat 
in the products, and dietary fiber. Thus, the results obtained in our research 
indicate that fat type is also effected process yield. The lowest TEF and JFS 
values were obtain in sausages that beef fat was substituted with W/O/W 
in 100%. Similar results were obtained by Öztürk et al. [3] in model system 
meat emulsions.
Reducing fat can have negative sensory effects in meat products [11] but in 
our work using W/O/W in formulation showed contrast results (Table 3) and 
found significantly better than C20 sample in general acceptability (p<0.05).
Conclusion
The results of our study showed that use of DE provided advantages in pro-
duction of fat reduced/modified beef sausages in terms of emulsion stability 
and sensory properties. Further researches are needed to investigate oxida-
tive changes of DE addition to sausage formulation since oils can be easily 
oxidized.
The authors would like to thank to the Scientific and Technological Research 
Council of Turkey (TÜBİTAK project number 116-O-506) and Ege University 
Scientific Research Projects Coordination (project ID 20131) for their finan-
cial support.
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Table 2. Technological characteristics  a,b: different letters in the 
columns with same pattern are significantly different (P<0.05)

 
Table 1. Formulation of sausage samples 
C20 (Control, 20% beef fat), C10 (Control,  10% beef fat), WOW50 (5% 
beef fat+ 5% W/O/W) and WOW100 (10% W/O/W)Other ingredients:1.5% 
Salt, 0.15% sugar, 0.15% sodium tripolyphosphate, 0.09% ascorbic 
acid, 150 ppm sodium nitrite, 3% powdered milk, %3 sodium caseinate, 
%4 starch, 1.5% bread crumbs, spices: 0.9%

 
Table 3. Sensory properties  a,b,c: different letters in the columns 
are significantly different (P<0.05) 
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Comparision of sucuk casing made of different fabric materials as alternative to natural and synthetic casings 
(#543)

Hasan Yetim1, Gokcegun Ciritci2, Fatih Bozkurt3, Abdulatef Ahhmed3

1 Istanbul Sebahattin Zaim University, Food Engineering Department, Faculty of Engineering and Natural Science, Istanbul, Turkey; 2 Erciyes University, Food Engineering Department, Faculty of Engi-
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Introduction
Sucuk is a traditional Turkish sausage that is semi-dry fermented type usu-
ally produced from ground beef and fats. In the current study, it is produced 
with/without starter cultures, garlic, and salt and different spices. The mix-
ture is then stuffed into collagen-based or natural casings and ripened for 
several weeks at different temperatures and relative humidity. In this study, 
as an alternative to the commonly used natural and artificial materials sau-
sage casings, it is aimed to compare new casing materials made of different 
fabrics with similar or enhanced properties. The effects of fabric type, struc-
tural features and fabric thread density on the quality of the sausage were 
studied.
Methods
Meat and fat used in sucuk production were provided from a local butchery 
(in Kayseri, Turkey). Pediococcus pentosaceus and Staphylococcus carnosus 
subsputilis (CHR HANSEN BFL T03) were used as commercial starter cul-
tures. The sausage dough with/without starter culture was filled in 6 different 
casings made of natural, artificial (collagen) and 4 different fabric materials 
(casings types given in Table 1). The samples were subjected to fermentation 
in a ripening chamber for 12 days. The chamber conditions during fermenta-
tion  were as follows: 24 ± 1°C - 90% relative humidity for first 3 days, 22°C - 
85% relative humidity for the following 4 days and 18°C - 80% relative humid-
ity for 5 days. After fermentation, the sausages eventually were packed and 
stored at +4°C for 32 days. The dry matter, ash, protein and fat contents of 
the sausages were analyzed using proximate composition analysis (AOAC, 
2006). The pH levels of the product were determined using a Mettler Toledo 
pH meter (Columbus, US). Color measurement was performed using a CR-5 
colorimeter (Minolta Chroma Meter, Japan).  The TMAB number of the sau-
sage samples was determined by drop plate method in the plate count agar 
(PCA, Merck) medium. The petri dishes were incubated at 30°C for 24-48 
hours. The total count of LAB was determined using MRS agar (Oxoid, U.K.) 
incubated at 37°C for 72 hours. Meanwhile, the total population of total yeast 
and mold was determined using Dichloran Rose Bengal Chloramphenicol 
agar (DRBC, Merck) and incubated at 25°C for 3 to 5 days. Violet Red Even 
Agar (VRB, Merck, Germany) was used for coliform bacteria counting
Results
The initial protein % of semi-dry fermented sausage samples with (S) and 

without starter culture (K) during fermentation and storage were 16.06 and 
16.00, respectively. The protein content was significantly (p≤0.05) increased 
(range 26.63 - 29.55 %) in all samples at the end of fermentation period. The 
initial pH values of S and K were 6.06 and 6.13, respectively. pH values of all 
samples during storage showed downward tendency (range 4.90–5.38).  pH 
levels in sausages with starter culture were  higher compared to that of the 
sausage without starter culture. The trend in fat content was similar to pro-
tein content as significantly (p≤0.05) increased (41.40 and 47.85%) in all sam-
ples during storage period. Ash content was almost significantly (P≤0.05) 
increased in all samples during the fermentation period. Dry matter contents 
of all samples ranged from 76.10 to 81.01 % were higher compared to that of 
fresh samples (47.90 for S and 47.65 % for K) at the end of the fermentation 
period.   L* values of the samples were found to be in the range of 44.57-
47.13 on 12th day and the darkest sample was K6 and the brightest sample 
was K3. In addition, it was observed that the samples of natural and artifi-
cial sheathed sausages had a higher a* value than the samples with fabric 
casings. The b* value of the all samples decreased during the fermentation 
(day 0-12). The lowest b* value was observed in K4 sample and the highest 
b* value was observed in S1 sample on 12th day. As illustrated, an increase 
was observed in the number of total mesophilic aerobic bacteria (TMAB) 
during the fermentation period (day 0-12), while a decrease was observed 
in the number of TMAB during the storage period (12-32 days). On day 12 
of fermentation the number of TMAB of the fabric sheathed samples was 
higher than the natural and artificial sheathed samples. On day 32 of storage, 
it was observed that the LAB number of the samples ranged between 8.20 
and 8.82 log cfu/g, in which it was the lowest in K3 sample (8.20) and the 
highest was in the S5 sample. Furthermore, on day 32 of storage the total 
number of yeast and molds of the samples was in the range of 4.41-6.94 log 
cfu/g, where it was significantly higher in fabric sheathed sausages than in 
the natural and artificial sheathed samples.
Conclusion
The data indicates that the different fabric casing did not negatively affect 
the physicochemical properties of sucuk as compared to the commonly used 
casing. In short article proposes that innovation in mixing the components of 
casing tissue designed for sausages may enhance the quality parameters of 
sucuk which results in better perception of consumers. The fabric materials 
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could be an alternative casing materials for the sausages due to its high 
durability, good water and gas vapor permeability, resistance to stress and 
external factors, the ability to non-interact with the product and to produce 
in standard sizes etc.

 
Table 1. The types of casings used in sucuk processing Ne: Expressed 

as the length of a pound of yarn as a hank.  
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Effects of replacing supplemental sucrose with beef during mid-to-late gestation on maternal health and fetal 
development using a sow biomedical model (#547)

Megan A. Nelson, Alison K. Ward, Kendall C. Swanson, Kimberly A. Vonnahme, Eric P. Berg
North Dakota State University, Animal Science, Fargo, US

Introduction
An ongoing concern within the human population is the worldwide epidem-
ics of obesity and diabetes associated with consumption of the modern 
western diet; a diet high in added and refined sugar, salt, and carbohydrates 
[1 – 3]. Between 2005 – 2010, American men and women 20+ years con-
sumed an average of 13% of total daily calories from added sugar, 3% higher 
than the recommended intake [4, 5]. The objectives of this study were to 
investigate the influence of substituting supplemental sucrose with beef on 
maternal health and fetal development in sows used as a biomedical model. 
It was hypothesized that dietary treatment would have minimal influence on 
maternal health indicators while fetuses from sucrose supplemented sows 
would have greater body weights and would be more likely to be susceptible 
to metabolic diseases.
Methods
Pregnant multiparous crossbred sows (BW = 222 kg; n = 21; replicates = 
3) were individually housed in gestation stalls from d 30 to 111 (± 0.58) of 
gestation. From d 30 to 39 of gestation, a complete sow ration (corn-soy-
bean meal-based, CSM) was fed at 1% of d 30 gestational BW at 0700 h. On 
d 39, daily dietary ration was adjusted to 1% of d 39 gestational BW which 
was fed daily at 0700 h from d 40 to 110 (± 0.58) of gestation. Sows were 
randomly assigned to one of four isocaloric supplement treatments; 126 g 
CSM to serve as a control (CON, n = 5), 110 g cooked ground beef (BEEF, n 
= 6), 85.5 g sucrose (SUCR, n = 5), or 54.8 g BEEF and 42.7 g SUCR (B+S, 
n = 5). Dietary supplements were fed daily at 1100, 1500, and 1800 h from d 
40 to 110 (± 0.58) of gestation. Blood was collected via jugular venipuncture 
from sows on d 29 and 111 (± 0.58) of gestation. Blood chemistry was im-
mediately analyzed and serum samples were collected for total, HDL-, and 
LDL-cholesterol and insulin concentrations. Bodyweights were measured on 
d 30, 39, 54, 68, 82, 96, and 111 (± 0.58) of gestation. Tenth rib and last rib 
subcutaneous (SQ) fat depth were measured on d 35, 70, and 110 (± 0.58) of 
gestation. Sows were euthanized on d 111 (± 0.58). Reproductive tract, pan-
creas, kidney, liver, heart, heart fat, lung, semimembranosus and adductor 
(SM), and semitendinosus (ST) weights were recorded from each sow. Color 
scores were obtained for kidney and liver. Fetal growth measurements were 
recorded for all fetuses. Two median weight male and female fetuses were 
selected from each sow for tissue collections. Fetal pancreas, kidney, liver, 
heart, heart fat, lung, SM, ST, and testes weights were recorded. A repeated 

measures design, with sow as the repeated measure, was modeled using the 
MIXED procedure of SAS using compound symmetry variance covariance 
matrix. Sow data fixed effects were replicate and treatment. Fetal data fixed 
effects were replicate and fetal weight category. Fetal weight category was 
determined as overweight, normal, or underweight. Covariates were deter-
mined for each trait depending on goodness of fit. Treatment by day interac-
tion was used for sow data. Fetal data were analyzed using treatment by sex 
interaction. Alpha level was 0.05.
Results
Dietary treatment did not influence gestational BW (P ≥ 0.99), SQ fat depth 
(P ≥ 0.09), blood chemistry (P ≥ 0.21), or serum concentrations (P ≥ 0.07). 
Dietary treatment did not influence sow tissue weight (P ≥ 0.42). Compared 
to BEEF and SUCR, CON and B+S sows had a more yellow colored liver 
(greater b*; 4.41 ± 0.43, 5.58 ± 0.38, 2.89 ± 0.37, and 1.90 ± 0.47, respectively; 
P = 0.01). Compared to CON, BEEF fetuses had increased BW (P = 0.01), 
crown to rump length (P = 0.01), nose to crown length (P < 0.01), heart girth 
(P = 0.02), and abdominal girth (P = 0.05). Dietary treatment did not influ-
ence fetal growth characteristics of median weight male and female fetuses 
(P ≥ 0.23). Compared to BEEF, fetuses from SUCS sows had heavier liver 
weights (31.43 ± 2.06 g and 40.13 ± 2.09 g, respectively; P = 0.04). There 
was a dietary treatment by sex interaction for fetal kidney weight with BEEF 
males having lighter kidney weights compared to all other interactions (P = 
0.03). Dietary treatment did not influence any other fetal tissue weight (P ≥ 
0.09). As hypothesized, dietary treatment had minimal effects on maternal 
health parameters. It is not known how the observed differences in liver color 
and kidney weight may influence hepatic and renal function during develop-
ment and adulthood. The increase in SUCR fetal liver weight could be due to 
increased amounts of hepatic triglyceride concentrations [6]. Further analy-
sis is required to determine susceptibility of metabolic disorders due to fetal 
programming in both fetal liver and kidney.
Conclusion
Beef and/or sucrose supplementation during mid-to-late gestation has min-

imal effects on maternal health and fetal development.
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Sorting beef subprimals by loin muscle area to maximize utility and product uniformity of portioned steaks for the 
foodservice and retail sectors (#549)

Jeffrey W. Savell, Chandler C. Steele, Ashley N. Arnold, Davey B. Griffin, Kerri B. Gehring
Texas A&M University, Department of Animal Science, College Station, US

Introduction
At the processor level, some beef subprimals are sorted by weight during 
boxing into “lights” and “heavies” based on the box containing products 
above or below a set weight threshold. Sorting subprimals by weight does 
little to provide foodservice operators and retailers with uniform products 
because of the size variability of products that remains within and between 
boxes. Improving the consistency and uniformity of beef subprimals  pur-
chased by these segments of the industry may lead to more appropriate 
utilization so that steaks portioned by either thickness or weight meet or 
exceed customer expectations for a desirable eating experience.
In the U.S., all major beef packers have instrument-grading technology to 
efficiently and effectively measure carcass characteristics including loin 
muscle area (LM area). Existing instrument technology could be utilized to 
segment carcasses based on LM area rather than sorting individual sub-
primals by weight. This study sorted beef carcass sides into five LM area 
categories before the carcass sides were fabricated into ribeyes, strip loins, 
and tenderloins for further analysis.
Methods
Instrument grading technology was used to select 100 USDA Choice, yield 
grade 2 or 3 sides, and 100 USDA Select, yield grade 2 or 3 sides. Carcass 
sides were sorted into one of five loin muscle area (LM area) categories 
based on measuring the M. longissimus thoracis at the 12th rib, as outlined in 
Table 1. Table 1. Loin muscle area (LM area) categories and associated LM 
area ranges
LM Area Category LM area (cm2) Allowable range (cm2)

1 77.4 74.8 to 80.6

2 83.9 81.3 to 87.1

3 90.3 87.7 to 93.5

4 96.8 94.2 to 100.0

5 103.2 100.6 to 106.4

USDA Choice carcass sides were fabricated to remove beef rib, ribeye, lip-
on (IMPS 112A) and beef loin, strip loin, boneless (IMPS 180) subprimals. Beef 
loin, tenderloin, full, side muscle on, partially defatted (IMPS 189B) subpri-
mals were removed from each USDA Select side. Subprimals were weighed, 
trimmed to specification, and passed through a 3-D visual analysis machine 
to obtain scan data for a variety of portioning outcomes generated by simu-
lation software, either by steak thickness or by weight.

Data were analyzed by (1) portion weight by LM area category and (2) por-
tion thickness by LM area category using JMP Pro software (version 14.0, 
SAS Institute Inc., Cary, NC). Qualitative assessments were made of the ap-
propriateness of each portion and method within and across the LM area 
categories. The Fit Y by X function was used for ANOVA, and least squares 
means comparisons were conducted using Tukey-Kramer HSD. Correlations 
were determined using the multivariate functions. Mean values were deter-
mined using the distribution function.
Results
Target optimal thickness for ribeye and strip loin steaks was identified as 31.8 
mm (1.25 in). After evaluation of multiple portioning outcomes, it was deter-
mined that a 396.89 g (14-ounce) portion, for each LM area category, most 
consistently delivered the preferred steak thickness. LM area categories 
1 and 2 most frequently produced desirable thickness and portion weight 
outcomes in ribeye and strip loin steaks. Statistical analysis of number of 
portions per subprimal stratified by portion weight and portion thickness 
revealed differences (P < 0.05) across all LM area categories in both ribeyes 
and strip loins. As portion weight and thickness increased, steak portion 
number tended to decrease. 
In tenderloins, an optimal steak thickness of 44.5 to 50.8 mm (1.75 to 2.00 
in) was identified. Most frequently, 226.80, 255.15, and 283.50 g (8, 9, and 
10-ounce) portions met the targets for optimal portion weight and thickness 
parameters. For tenderloins, number of portions by portion weight showed 
significant differences (P < 0.05) in all LM area categories with the exception 
of 198.45 g (7-ounces), and showed no statistical differences when stratified 
by portion thickness. In this investigation, USDA Choice carcasses (r = 0.76) 
and USDA Select carcasses (r = 0.56) expressed moderate correlation be-
tween LM area and hot (unchilled) carcass weight.
Based on historical and current sorting methods of subprimals at boxing, 
weight break thresholds were established: ribeyes at 7.71 kg (17 lbs), strip 
loins at 6.80 kg (15 lbs), and tenderloins at 3.18 kg (7 lbs).   Figure 1 shows 
percentage of subprimals below the established weight thresholds with 
each LM area category. As LM area increased, the percentage of subprimals 
weighing below the weight threshold tended to decrease. As subprimal 
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weight increased, so did average LM area size, but the variation within box 
ranged widely by as much as 30.97 cm2 in ribeyes, 29.03 cm2 in strip loins 
and 30.9 cm2 in tenderloins. These data suggest sorting by LM area size may 
be preferable to sorting by subprimal weight at boxing. 
Conclusion
Strip loin, ribeye, and tenderloin subprimals from carcasses in LM area cat-
egories 1 and 2 (74.8 cm2 to 87.1 cm2) provided the most flexible portioning 
options for use in foodservice and retail sectors. These results suggest there 
is potential for improving consistency and utility of subprimals destined for 
foodservice and retail sectors by sorting carcasses by LM area rather than 
by weight.

 
Subprimal weight distribution by LM area at boxing
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Development of intelligent Packaging solutions to increase resource efficiency in cold supply chains (#557)

Claudia Waldhans1, Antonia Albrecht1, Rolf Ibald2, Su-Jen Sy2, Robert Paul Simon3, Markus Moestl3, Pilar Krengel4, Guido Ritter4, 
Judith Kreyenschmidt1, 5

1 Institute of Animal Science, Cold Chain Management Group, University of Bonn, Bonn, Germany; 2 Faculty of Retail and Logistics Management, European University of Applied Sciences Brühl, Brühl, 
Germany; 3 Research Center for German and European Food Law, University of Bayreuth, Bayreuth, Germany; 4 Institute of Sustainable Nutrition, University of Applied Sciences Münster, Münster, Ger-
many; 5 Department of Fresh Produce Logistics, Geisenheim University, Geisenheim, Germany

Introduction
Alongside supply chains of perishable food products, rejections and food 
waste occur due to a lack of information at different chain levels. The imple-
mentation of intelligent packaging solutions, such as Time-Temperature-In-
dicators (TTIs), enables the estimation of the remaining shelf life at all steps 
of the supply chain by providing additional information on the actual product 
status. Although intelligent labels have already been investigated in the last 
years, specific requirements for different supply chains, a digital readout and 
data exchange via traceability systems as parts of an entire system do still 
not exist. The aim of the project “Intelli-Pack” (2018 – 2021) is the develop-
ment and implementation of an innovative intelligent packaging system for 
B2B, B2C and online trading, considering specific requirements of industry, 
trade and consumers to increase the quality, safety and resource efficiency 
of perishable products in the long term.
Methods
In the initial stage of the project, the different cold supply chains of B2B, B2C 
and online trade and their requirements for intelligent labels are analyzed 
through close collaboration between scientific and entrepreneurial experts. 
Different issues accompanied by the implementation of intelligent packag-
ing are investigated. In parallel, laboratory studies for the modeling of spoil-
age kinetics of selected food products are conducted. Therefore, perishable 
products on the different categories meat and sausage, fish and vegetables 
are chosen to include a wide variety of spoilage kinetics. Simultaneously, 
established intelligent systems are improved by developing a smartphone 
application for the digital readout of the TTI color change and the integration 
of information as a decision guidance for stakeholders. The overall optimi-
zation of processes along supply chains by the use of intelligent systems 
is identified including legal aspects accompanied by the implementation of 
intelligent packaging and a flexible shelf life. Pilot studies are conducted to 
validate the advanced packaging systems adjusted to B2B, B2C and online 
supply chains. Based on the project results, an online support tool is devel-
oped to provide information about various intelligent packaging solutions for 
all participants – industry, logistics and trade – of supply chains. The tool 
contributes to the optimization of cold chain management. Additionally, an 
assessment tool for sustainability and resource efficiency of intelligent pack-

aging is integrated into the online platform.
 
Results
The first results of the supply chain analysis reveal the specific and different 
procedures and requirements on the B2B, B2C and online supply chains. 
Furthermore, the interviews show that for every surveyed supply chain, 
costs are the main factor in the decision-making process for the implemen-
tation of an intelligent packaging concept.
First results of laboratory shelf life studies with sausage products and the 
modeling of the spoilage kinetics will be presented. The results of microbio-
logical investigations and the analysis of freshness parameters dependent 
on different temperatures will be shown. The development of a first smart-
phone application for the digital readout of the TTI colour change will be 
presented. An experimental setup to customize the parameters to predict 
the remaining shelf life on the base of measured TTI values will be discussed.
Conclusion
The overall concept for the implementation of intelligent packaging solutions 
in different supply chains is shown in Figure 1. Intelligent packaging solutions 
will be adapted to the specific process steps and requirements of B2B, B2C 
and online supply chains. A digital readout of the remaining product shelf life 
in real-time based on temperature data will be realized. The implementation 
enables the optimization of logistic processes and their efficacy and as a re-
sult, the reduction of food waste. The project provides an innovative integral 
system, including the requirements of all stakeholders along the cold supply 
chain, combined with a digital implementation of intelligent packaging solu-
tions under the aspects of logistics, traceability and sustainability.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

590

Notes

 
Figure 1: Implementation of intelligent packaging solutions and its 
digital readout in different sup
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Effect of ageing period on volatile flavour compounds in cooked beef (#638)

Fui Shien Chong1, 2, Joseph Kerry1, Maurice O’Sullivan1, Jerrad Legako3, Terence Hagan2, Linda Farmer2

1 University College Cork, School of Food & Nutritional Sciences, Cork, Ireland; 2 Agri-Food and Biosciences Institute, Food Research Branch, Belfast, UK; 3 Texas Tech University, Department of Animal 
and Food Sciences, Lubbock, US

Introduction
As a result of globalisation, the beef industry is looking to promote beef 
products in distant markets, creating the possibility of ageing beef during 
transportation. Previous studies reported that ageing increased flavour de-
velopment due to the changes in volatile precursors [1]. Other studies have 
suggested that the flavour is less liked after 28-35 days [R Polkinghorne, 
personal communication]. In this study, the effect of extended ageing on 
volatile flavour compounds is studied.
Methods
Two separate trials were conducted to identify the effect of extended ageing 
on volatile compounds. In the first trial, three batches of samples (A,B,C) 
were analysed, from 5, 5 and 18 animals, respectively. Samples were aged to 
7, 48 and 70 days in batch A and B while batch C samples were aged for 5, 
21/22 and 70 days. To further explore the effects of extended ageing, a sec-
ond trial was conducted focusing on striploin samples (n=90) collected from 
just one animal and aged for 4, 7, 21, 49 and 120 days post-mortem at 40C.
In Trial 1, beef samples were grilled and cored (1.27cm diameter). 2.0±0.1g of 
beef samples were transferred into a 20ml glass vial following an existing 
protocol [2]. The glass vial was placed into a 65oC waterbath and a 75µm 
CAR/PDMS manual-SPME fibre (Supelco, Bellefonte, PA, USA) was used 
to extract headspace volatiles before transferring to GC-MS (Agilent 5973 
MSD/ HP6890 GC).
In Trial 2, the beef samples were prepared the same way but headspace 
volatiles were collected using an automated SPME injection system (Ger-
stel Multi Purpose Sampler Robotic Pro with SPME injection tool holder) 
and analysed by gas chromatography-mass spectrometry (Agilent 5977B 
MSD/ Agilent 7890B GC). Scan mode was selected in both trials. The data 
was quantified using Agilent integration (Trial 1) or MassHunter integration 
(Trial 2) based on one quantification ion and three target ions. The ratio of 
the quantity of volatiles collected relative to the smallest ageing period was 
calculated.
Results
In Trial 1, approximately 30 volatiles were detected and classified into cate-
gories. Although there were apparent trends in the change of volatile cat-

egories due to ageing, the variation was very high (Figure 1). It is not clear 
whether these high variations were caused by experimental noise from an-
imals or the manual volatile collection method employed. Therefore, Trial 2 
was conducted to follow the effect of ageing on volatiles from meat from 
one animal, using auto-SPME analysis. The concentration of Strecker alde-
hydes (e.g., methional, 3-methylbutanal, 2-methylbutanal) were significantly 
(P<0.001) increased 3 to 5-fold after 120 days of ageing (Figure 2), which 
could explain the pleasant roast odours reported in a previous study [4]. 
Ageing decreased the concentration of n-aldehydes, which confirmed the 
trends observed in Trial 1. Ageing significantly (P<0.05) increased the con-
centrations of all pyrazine compounds (e.g., methylpyrazine, 2,3/5-dimeth-
ylpyrazine, trimethylpyrazine), which concurred with the trends showed in 
Trial 1. The compound, 2-ethyl-3,5-dimethyl pyrazine has previously been as-
sociated with roast beef aroma [3]. Sulphur-containing compounds, such as 
dimethyl disulphide increased significantly (P<0.05) after 120 days of ageing.
Conclusion
Extended ageing appears to influence the quantities of the volatile com-
pounds but variation between animals reduces significance. These chang-
es are very clear when followed in one animal. Improvements in the tech-
nology for volatile collection methods have also helped to reduce variation. 

 
Figure 2  Effects of ageing on volatile compounds from beef sirloin 
from one animal.
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Figure 1  Volatile analysis from Trial 1 A, B and C. Categories of 
volatiles shown: C1 (n-aldehydes), C2 (Strecker aldehydes), C3 (sul-
phur-containing compounds) and C4 (pyrazines). Error bars show stan-
dard deviations for 5, 5, 18 samples, respectively.
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Effects of two-stage thermal sous-vide cooking on the toughness of beef semitendinosus(#642)

Ishamri Ismail, Seon-Tea Joo
Gyeongsang National University, Jinju, South Korea

Introduction
One of the applications of sous-vide cooking is to increase the low value 
of tough meat cuts by transforming into tender meat cuts. The tough meat 
cuts require cooking interventions to improve the level of tenderness. This 
can be done by manipulating the temperature-time control that directly af-
fects the two components related to toughness, i.e., myofibrillar proteins and 
connective tissue. Therefore, two-stage sous-vide at different combination 
of the temperature-time methods were developed, and sous-vide steak ten-
derness factors such as soluble collagen, perimysium thickness, sarcomere 
length, and proteolytic activity, as associated to myofibril and connective 
tissue were objectively assessed.
Methods
Semitendinosus (ST) muscles were obtained from 27 Hanwoo steers (24-32 
months old; low-quality grade 3) at 36 h postmortem. Steaks were cooked at 
different combination of temperature and time in water baths (Travellortech 
precision cooker immersion, USA) as follows:
Group 1: Steaks were cooked at 60 °C, 65 °C, 70 °C, and 75 °C for 6 h and 12 h.
Group 2: Steaks were first cooked at 45 °C and then at 60 °C (45+60 °C), 65 
°C (45+65 °C), 70 °C (45+70 °C), and 75 °C (45+75 °C) for 6 h (3 h for first 
temperature + 3 h for second temperature) and 12 h (3 h for first temperature 
+ 9 h for second temperature).
Group 3: Steaks were first cooked at 49 °C and then at 60 °C (49+60 °C), 65 
°C (49+65 °C), 70 °C (49+70 °C), and 75 °C (49+75 °C) for 6 h (3 h for first 
temperature + 3 h for second temperature) and 12 h (3 h for first temperature 
+ 9 h for second temperature).
Following cooking, steaks were submerged in icy cold water for 1 h and 
subsequently, steaks were kept under refrigeration at 4 °C overnight before 
analysis.
Results
In the present study, collagen solubility was recorded higher at 65 °C and 
49+70 °C for 6 h and 12 h, respectively. However, our result shows that at 
45+60 °C for 6 h sous-vide steak, heat-solubility collagen was only 4.12% and 
it was more tender than at 65 °C sous-vide steak that has 15.18% heat-solu-
bility collagen as shown in Fig. 1A. Similarly, treatment at 49+60 °C (10.15% 
soluble collagen) was tender than at 49+70 °C (33.04% soluble collagen) for 
12 h of cooking period. It seems that myofibrillar component is more domi-
nant to cause toughness at temperature above 60 °C which counteract the 
effect of soluble collagen. This myofibrillar toughening effect can also be 

evidenced by sarcomere length observations in Fig. 1B.
Limited information is available concerning the sarcomere length of sous-vi-
de meat by assessing the distance between two adjacent Z-lines of a sarco-
mere. Our result shows a negative correlation for both cooking times (6 h, r= 
-0.764; 12 h, r= -0.644) and with increasing temperature, sarcomere length 
decreased and resulted to a higher value of shear force (Fig. 1B). Although 
cooking time (P = 0.001) had a significant effect towards sarcomere length, 
this longitudinal shrinkage seems to have reached its maximum even with 
the short period of cooking (6 h) thereby it would have no further decreased 
in sarcomere length with extended cooking time (12 h).
In our study, there is a significant influence of temperature (P < 0.001) on 
TCA-soluble peptides, but it did not differ between cooking time (P = 0.127) 
(Fig. 1C). We believed that there is the possibility of proteolytic enzymes 
activity could be captured during two-stage sous-vide, but not in the sin-
gle-stage sous-vide. This could be elaborated further by a shear force de-
crease of 10-19% beyond that of the single-stage sous-vide treatment if the 
steak was treated at early cooking temperature of 45 °C (45+60 to 45+75 °C 
for 6 h), although this was not enumerated. Nevertheless, this overlapping 
in temperature ranges was difficult to conclude because no correlation in 6 
h of cooking duration of proteolytic activity on meat tenderness was seen.
The perimysium is thought to be the main components of connective tissue 
that contributes to meat toughness. In our study, beef steaks cooked at 60 
°C for 6 h (either single-stage or two-stage thermal) consisted a greater bro-
ken and shrinkage of denatured fibers than other steak samples, concomi-
tant with the reduction in the shear strength values (Fig.2). However, no clear 
influence of cooking time on the perimysium thickness although there was 
significant (P = 0.006), because the difference was very small after cooking 
up to 12 h.
Conclusion
Combination of temperature and time play a significant role in sous-vide 
cooked beef semitendinosus. However, the effect of temperature is higher 
than the effect of time, as it strongly influences factors to cause tenderness. 
Perimysium thickness and sarcomere length appeared to be the main fac-
tors related to the reduced shear force of sous-vide steaks studied. All these 
factors have the greatest influence on toughness at 45+60 °C and 60 °C for 
6 h cooking time. However, the effect of collagen solubility and proteolytic 
activity on toughness were possible to not occur in a short time but instead 
in the long run.



Book of Abstracts | Tuesday, 06 August, 2019 | Postersessions and Discussion

65th International 
Congress of Meat Science 
and Technology

594

Notes

 
Figure 2 Fig. 2. Optical microscopy images (10×) of beef steaks 
sous-vide cooked at different temperatures and time durations (a, b, 
c, and d cooked for 6 h at 60 °C, 65 °C, 70 °C and 75 °C, respec-
tively; e, f, g, and h cooked for 12 h at 60 °C, 65 °C, 70 °C and 
75 °C, respectively). Red stained fibers refer to perimysium (P) and 
endomysium (E). P1= primary perimysium, and P2= secondary perimysi-
um. Scale bar represents 50 μm.

 
Figure 1 ssFig. 1. The relationship between shear force and collagen 
solubility (A), sarcomere length (B) and TCA-soluble peptides (C) 
of twelve sous-vide treatments cooked for up to 6 h (left) and 12 h 
(right).
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Effect of high hydrostatic pressure processing optimization on chemical stability of a vacuum-packed fermented 
sausage (#646)

Ana Borges1, Almudena Cózar2, Luís T. Gama1, Maria J. Fernandes1, Maria J. Fraqueza1

1 University of Lisbon, CIISA. Faculty of Veterinary Medicine, Lisbon, Portugal; 2 Universidad de Castilla-La Mancha/Escuela Técnica Superior de Ingenieros Agrónomos y de Montes, Departamento de 
Ciencia y Tecnología Agroforestal y Genética, Albacete, Spain

Introduction
Alheira, is a popular traditional smoked fermented sausage produced in the 
north region of Portugal. It may have problems in its preservation due to 
its high aw, increasing the potential exposure of consumers to microbial 
hazards. High hydrostatic pressure (HHP) has emerged as a non-thermal 
food technology that can be applied with minimal changes in food sensorial 
characteristics. It is normally applied as an effective final mitigation step for 
products already packaged which cannot be heat-treated. Using a response 
surface methodology was delineated an experimental design for HHP pro-
cessing optimization in order to improve Alheira shelf life and safety, main-
taining their organoleptic authenticity. The effect of different combinations 
of pressure (300-600MPa) and time (154-1800 seconds) was evaluated with 
the aim of describing potential  physicochemical characteristics  changes 
of this fermented sausage. 
Methods
Three Alheira batches at different production days were prepared by a tradi-
tional manufacture procedure. The product formula comprises wheat bread 
(38.2%), cooked pork meat (36.5%), pork lard (13.1%), cooked chicken meat 
(8.3%), olive oil (1.4%), dehydrated garlic (Allium sativum L., 1.3%), salt (0.77%), 
sweet red pepper powder (Capsicum annuum L., 0.23%), sodium diacetate 
(0.12%) and hot piri-piri powder (0.02%). This mixture was stuffed into 40–45 
mm diameter natural pork casings. Alheira samples were smoked at 7-12ºC 
for 4 days, with oak wood (Quercus ilex L.) smoke. Sausages were vacuum 
packed in polyamide and polyethylene (PA/PE 90) bags and then stored 
under refrigeration at 5ºC. Samples were processed in a high-pressure food 
processor (N.C. Hyperbaric, model Wave 6000/135; Spain) and pressurized 
under the 12 conditions in study, at 10ºC. Control samples were maintained 
under atmospheric pressure at 5ºC. Immediately after treatment, all samples 
were transported in a cooled container (<5ºC) to the laboratory and anal-
ysed.
The pH was measured with a pH electrode (FC 230B, Hanna Instruments). 
Water activity (aw) was determined using a Rotronic Hygrometer station (Ro-
tronic Hygroskop DT, Ettlingen, Germany) at 23 °C. Control and HPP treated 
samples were assessed just before package opening for objective colour 
using L*a*b* CIELAB colour system with a colorimeter (Minolta CR-300, 
Chromometer, Osaka, Japan). Lipid oxidation evaluation was performed by 

thiobarbituric acid reactive substances (TBARS) as previously described by 
Fraqueza et al. (2009). Results were compared by ANOVA using the soft-
ware SAS software.
Results
Table 1 summarizes the physicochemical characterization of the treated 
products. Alheira is a product where lactic acid bacteria are responsible for a 
lower pH due to fermentation but are only slightly dried as observed by the 
aw results presented. This product needs refrigeration and has a short shelf 
life. The HHP technology contributes to a microbial reduction on this sau-
sage equivalent to pasteurization. The application of HHP processing did not 
generate significant changes in pH, aw and TBARS when compared to the 
untreated product (p < 0.05). Relatively to the colour, with the application of 
HHP it was observed a decrease in the L* values when the pressure values 
applied were higher and the duration of treatment was longer, translating 
this in darkening of the samples. The minimum values of L* were reached 
for binomial pressure 600Mpa and time 960 seconds. a* values were also 
affected by the treatment, when the pressure values applied were higher 
and the duration of treatment was longer, causing a slight redness of these 
samples. There were no significant changes in the b* values. The effect of 
HHP on proteins and starch has been extensively investigated. The of starch 
and protein structure changes could induce water absorption with less light 
reflection and consequently, sausages darkening.
Conclusion
The use of HHP in alheira manufacture showed promising results with 
minimal effects in the majority of parameters under study. HHP did not in-
duce sausages lipid oxidation. Pressurization at 600 MPa has demonstrat-
ed a slight modification of sausages lightness and redness. Further studies 
should include consumer test assessing product acceptability regarding co-
lour changes.
This study was conducted with the financial support of the project PROD-
ER medida 4.1- Cooperação para a inovação no. 56345 “Novos produtos 
derivados da alheira” and Project UID/CVT/276/2019 (CIISA).
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Table 1. Physicochemical characteristics of control and HHP processed 
Alheira.  
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Digital transformation in the food industry - Opportunities, challenges and solution approaches from the perspec-
tive of ongoing research projects (#643)

Tobias Voigt
TUM, Wissenschaftszentrum Weihenstephan für Ernährung, Landnutzung und Umwelt, München, Germany

Short Abstract
Introduction
Digital disruption, industry 4.0, or internet of things are terms that are cur-
rently and frequently discussed. The food industry is also undergoing a dig-
ital change. Increasing digitalization should lead to better product quality, 
greater flexibility, stronger networking of value chains and, ultimately, cost 
and resource savings with higher productivity.
Food production processes have been digitized for a long time. Classical 
digitization takes place through analog-to-digital or digital-to-analog con-
version with machines and systems automated via programmable logic con-
trollers. Networking using fieldbus and data bus systems enables horizon-
tal integration and vertical data exchange with higher-level process control 
systems, MES solutions, and ERP systems. More or less, many companies 
are digitally represented in the automation pyramid (see Figure 1 on the left).
This classical architecture is in a state of upheaval. Internet technologies 
allow permanent networking of physical components with virtual services 
in service-oriented architectures (SOA). They localized in cloud applications 
complement real-life entities in cyber-physical production systems (see Fig-
ure 1 on the right). In order to succeed digitally in the food industry as well, 
reusable models as digital representatives of production components and 
processes (digital twins) are required. On the other hand, the communication 
of physics and cyber must be described via generic information models that 
ensure structural connectivity as well as functional and semantic interoper-
ability.
The lecture presents completed, ongoing, and planned studies, which can 
provide models for the digitalization based on concrete case studies of food 
production and packaging.
Information models and model-driven generation of 
MES for food plants
In numerous projects together with the food industry as well as the supply-
ing mechanical engineering, manufacturer-independent standardized data 
interfaces for production facilities and IT systems could be developed. This 
resulted in the so-called “Weihenstephan Standards” (WS) information mod-
el, widely used in the food and beverage industry (e. g. sausage production). 
The WS specify the data with its semantic to be exchanged. Additionally, a 
universal communication protocol has been defined, which is currently being 
replaced by an OPC UA Companion  Specification.

The generic WS information model allowed to follow the automatic gener-
ation of MES solutions instead of individually programming them for each 
food production site. Figure 2 visualizes the model-driven approach based 
on the generic modeling of plants, processes an MES functionality. Its fea-
sibility has been demonstrated in various case studies in the dairy, brewery, 
and beverage filling industries.
Model-Based Diagnosis for Packaging Lines
In order to develop a customizable solution automatic fault diagnosis, a mod-
el-based diagnosis approach has been examined, which allows the automat-
ic generation of diagnosis solutions for individual plants. New first-principle 
models for the relevant plant components have been developed, numerically 
validated, and abstracted to qualitative diagnosis models. Based on a com-
mercial diagnosis engine application systems for two real plants and one 
virtual plant (based on discrete-event simulation) were generated and eval-
uated (up to 87.1% of compliant diagnosis results).
Energy simulation in food production systems
Another research project focused on modeling and simulation of the elec-
tric energy consumption in food packaging. It was assumed that the electric 
energy consumption of a food packaging machine might be represented by 
a limited number of discrete energetic states. These depend on the current 
operating state and indicate constant consumption levels, which were pa-
rameterized empirically. The model has been implemented in a simulation 
environment and combinated with existing material flow models providing 
the operating state information. Model validation for single machines and a 
complete line gave satisfactory results. Currently, the state-based modeling 
approach is extended to complete food production systems and all media 
and energy types.
Agent-based bottling in lot size 1
In the research project RoboFill, which is currently being completed, the dig-
ital representation of an individualized beverage filling process in a multi-
agent system is being pursued. The particular aspect of the approach is that 
not only machine and production equipment but also orders and individual 
products with their individually desired properties and production targets 
are represented digitally in agents which are continuously synchronized 
with the real world. The products represented in agent software are thus en-
abled to communicate virtually with production services and to control their 
production themselves decentrally. The agent system was first developed, 
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tested, and virtually put into operation based on the physics simulation of the 
planned production system (see Figure 3). Finally, the real implementation 
took place in a demonstration plant of a teaching and test brewery, which 
can produce saleable individual mixed beverages with individually differently 
printed bottles.
Conclusion
The presented research projects prove that generic modeling approaches 

will be decisive for the successful digitalization of food production. Equally 
vital are standardized information models that allow the continuous synchro-
nization of the real and virtual worlds in future cyber-physical food produc-
tion systems. As challenges for science and practice remain their develop-
ment, whereby the applicability and usefulness in the medium-sized food 
industry should be demonstrated in practical reference applications.

 
Figure 1:  
From Automation Pyramid to Cyber-Physical Production Systems 
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Figure 3:  
Physical simulation model of the agent controlled RoboFill system 
 
 
 

 
Figure 2:  
Overview of the model-driven approach for the automatic generation 
of MES. 
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What’s new in stunning technologies (#40)

Alison Small1, Leisha Hewitt2, Dorothy E F McKeegan3

1 CSIRO, FD McMaster Laboratory, Armidale NSW 2350, Australia; 2 Dr Leisha Hewitt Livestock Welfare, Franklin TAS, Franklin TAS, Australia; 3 University of Glasgow, Institute for Biodiversity, Animal 
Health and Comparative Medicine, College of Medical, Veterinary & Life Sciences, Glasgow, UK

Short Abstract
Our relationship with animals as a source of meat is extremely long-stand-
ing. For thousands of hears, fish, birds and mammals hunted using traps, 
lines, slingshots, and spears. Humans quickly realized that, particularly in 
the case of larger animals, if the animal was in some way immobilized such 
that it could be exsanguinated quickly, not only would the process be safer 
for the persons involved, but also that the meat was of better quality and 
would store for longer. This led to the development of animal stunning, first 
using mechanical means: the blunt trauma to the head of a well-placed club 
or hammer; or rapid cervical dislocation in smaller species including birds. 
This continued as the main stunning technique for thousands of years, and it 
was only in the 20th century that we began to develop more refined stunning 
methods, beginning with a mechanized blunt trauma instrument (the cap-
tive bolt), and moving on to electrical stunning and controlled atmosphere 
systems. These methods allowed a more industrialized approach to meat 
production, and with improvements of animal restraint and understanding 
of the underlying physiology associated with these methods, allowed us to 
produce meat rapidly, and far more safely that with, for example, the poleaxe 
technique.
Over the past century, with increasing levels of societal concern for ani-
mals, we begin to question these methods, and realize that none is perfect, 
particularly when we combine the requirements of animal welfare, religious 
slaughter and meat quality. All who consume meat and work with animals 
agree that when we slaughter, we should do so in the best of manners. The 
challenge is to agree on what is ‘the best of manners’. To this end, recent re-
search has focused on the nuances of each stunning method, to understand 
the limitations and to understand the optimal situations in which to use each 
method; and on development of alternative or modified approaches to the 
existing stunning methods, in order to achieve a better outcome against one 
or more of the desired parameters.
This presentation explores the most recent developments in stunning, in-
cluding mechanical stunning of buffalo, high frequency electrical stunning, 
multi-stage controlled atmosphere stunning (MS-CAS), ow atmospheric 
pressure stunning (LAPS) and electromagnetic energy stunning (DTS:Dia-
thermic Syncope®).
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Muscle energy metabolism, growth and meat quality (#35)

Wicks, J.C., M. Beline‡, J.F.M. Gomez‡, S. L. Silva‡, S. Luzardo† and D.E. Gerrard*
Department of Animal and Poultry Sciences, Virginia Tech, Blacksburg, VA USA; ‡Faculdade de Zootecnia e Engenharia de Alimentos da Universidade de São Paulo, BRAZIL;†Programa Nacional de 
Carne y Lana, INIA Tacuarembó, Ruta 5, km 386, Tacuarembó, URUGUAY

Short Abstract
World meat production must increase substantially to support current projec-
tions in population growth over next thirty years.  At the same time, however, 
maximizing product quality remains a focus for many in the meat industry, 
as incremental increases in product quality often signal potential increases 
in segment profitability.  Moreover, increases in meat quality also address 
concerns raised by an ever-growing affluent society demanding greater eat-
ing satisfactions at every meal.  Production strategies and valued endpoints 
differ worldwide, however, making global marketing of meat challenging.  
Moreover, this variation in production schemes make it difficult for the scien-
tific community to understand precisely those mechanisms controlling beef 
quality.  For example, some cattle are produced in low input, extensive, for-
age-based systems.  In contrast, some producers raise cattle in more inten-
sive operations where feeding programs are strategical designed to maximal 
growth rates and achieve significant fat deposition.  Yet others produce cat-
tle that perform between these two extremes. Fresh meat quality, somewhat 
like the variation observed in production strategies is perceived differently 
across globe.  Even so, meat quality is largely predicated on those charac-
teristics visible at the retail counter, namely color and perceived texture and 
firmness.  Once purchased, however, the eating experience is a function of 
flavor and tenderness.  In this review, we will attempt to identify a few ar-
eas where animal growth may impact postmortem energy metabolism and 
thereby alter meat quality.  Understanding how animals grow and how this 
affects meat quality develop is incumbent to all vested in the meat industry. 
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Pre- and postnatal development of adipose depots in meat animals with a specific focus on the pig (#36)

Isabelle Louveau
INRA, Saint Gilles, France

Short Abstract
Introduction
The control of body fat content and distribution is a topic of great inter-
est in meat producing animals. The lean to fat ratio determines commercial 
grading scales for carcasses in different species with greater body fatness 
decreasing the payments granted to producers and increasing the costs of 
carcass trimming in slaughtering and packing plants. On the other hand, 
the lipid content and the fatty acid composition of adipose depots influence 
the technological, nutritional and sensory properties of meat and processed 
products [1]. In pigs, the adiposity of carcasses has decreased significantly 
over the past decades, due to substantial progress in the fields of genetics, 
animal nutrition and husbandry. Pig production has thus succeeded in sat-
isfying the increasing market demand for inexpensive, lean pork. However, 
this has led to a standardization of pig production and to difficulties in satis-
fying certain market segments for high quality meat. These recent changes 
in consumer expectations have resulted in a renewed interest in fat and the 
desire to move towards greater diversification of carcasses and meat prod-
ucts. Altogether, there is a need to better control adipose tissue deposition in 
the different anatomical locations to optimize the volume of meat produced 
while maintaining high quality and diversity of meat products. The purpose 
of this review is to provide an update on pre- and postnatal development of 
adipose depots in meat animals with a specific focus on the pig. The factors 
influencing animal adiposity, in terms of quantity, distribution and composi-
tion, are also drawn up.
There are two main types of adipose tissue with differences in morphology 
and functions in mammals: brown (BAT) and white (WAT) adipose tissues 
[2]. Both tissues are recognized to be differently involved in energy metab-
olism. Brown adipose tissue is a specialized site for energy dissipation and 
thermoregulation. It has been originally described in hibernating animals, 
and has been found in neonates of large mammalian species and more re-
cently in adults including cow and sheep. The pig with its lack of BAT rep-
resents an exception among mammals. White adipose tissue plays a key role 
in the regulation of energy balance. It is also recognized to secrete a variety 
of factors called adipokines that are involved in a wide range of physiological 
and metabolic functions. White adipose depots are found throughout the 
body with some under the skin (subcutaneous depots), some in the abdom-
inal cavity (generally surrounding viscera such as mesenteric and perirenal 
fat depots, around epididymis, etc.), and some within the musculature (inter- 

and intra-muscular depots). These depots exhibit large differences in size 
and their relative quantitative importance depends on species, age, genetics 
and nutrition [3]. Unlike other tissues, WAT mass has a large capacity to 
expand and can be seen as a dynamic tissue able to adapt to a variety of 
factors.
Adipose tissue development is basically triggered by variations in the num-
ber and in the size of adipocytes. In contrast to other tissues, the embryonic 
origin of adipose cells remains the subject of debate. The increase in cell 
number results from recruitment of multipotent stem cells/progenitors res-
ident in tissues [2]. After commitment to the adipocyte lineage, progenitors 
undergo large changes in the expression of many genes involved in cell cy-
cle arrest, lipid accumulation and secretory functions, and differentiate into 
adipocytes. The chronologies of appearance of WAT and BAT vary accord-
ing to species and their anatomical locations. The first groups of adipocytes 
are detected during the fetal period in mammals of large size like pigs and 
cattle. They are located subcutaneously in pigs whereas in cattle they are lo-
cated around the kidney (perirenal fat depot). Intramuscular fat appears after 
birth in both species, so that intramuscular fat is generally regarded as the 
last developing adipose tissue in all species. Altogether, a better knowledge 
of the cellular and molecular basis of adipose tissue development in meat 
animals should help us to develop new strategies to optimize the body lean-
to-fat ratio and the intramuscular lipid content, and thereby better control 
carcass and meat quality in livestock.
References
1. Wood, J.D., Enser, M., Fisher, A.V., Nute, G.R., Sheard, P.R., Richardson, R.I., 
Hughes, S.I., & Whittington, F.M. (2008). Fat deposition, fatty acid composi-
tion and meat quality: A review. Meat Science, 78(4), 343-358.
2. Louveau, I., Perruchot, M.H., Bonnet, M., & Gondret, F. (2016). Invited re-
view: Pre- and postnatal adipose tissue development in farm animals: from 
stem cells to adipocyte physiology. Animal, 10(11), 1839-1847.
3. Komolka, K., Albrecht, E., Wimmers, K., Michal, J.J., & Maak, S. (2014). 
Molecular heterogeneities of adipose depots - potential effects on adi-
pose-muscle cross-talk in humans, mice and farm animals. Journal of Ge-
nomics, 2, 31-44.
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In-vitro-meat, meat replacement (#38)

Mark Post
Maastricht University, Maastricht, Netherlands

Short Abstract
Cultured meat has undergone exponential growth in terms of funding, num-
ber and breadth of people working on it and in number of startups trying to 
commercialise the technology. We are likely not at the top of the ‘hype’ yet. In 
spite of the interest and efforts, it may still take a couple of years before we 

see the first products to the market. There are important hurdles to be taken, 
such as scaling up, making products cost-effective, setting up a scalable 
supply chain of ingredients and, last but not least, regulatory approval for 
every market. The state of the art will be discussed and perspectives for the 
intermediate future will be provided.
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30 years of meat robotics: Opportunities and challenges (#44)

Koorosh Khodabandehloo
Culmstock Technology Center, Sidney, Australia

Short Abstract
In the 1970’s and early 1980’s, research in robotics had significant focus on 
the automotive and conventional manufacturing industries. New initiatives 
considering applications for processing and handling of flexible products 
including food and meat began to receive attention in the late 1980’s. The 
motivations were efficiency, productivity and quality control, as well as better 
utilisation of plant and materials. These remain and continue to be the focus 
for the production industries, including the meat sector. Today, the meat in-
dustry requires significant advances in knowledge and technology devel-
opment, automating the basic tasks of cutting and handling. Integration of 
sensors with robots and advance software for control and execution of tasks 
has been possible. Examples include meat cutting and packaging, with one 
of the earliest examples being the deboning of beef forequarters1, 2 in 1989. 
Figure 1 shows the basic approach integrating standard industrial robots 
with computer vision and force control for meat cutting.
More recently, a similar approach is being applied to the de-boning of lamb 
shoulder3 under an Australian Meat Processor Corporation project. Several 
of the basic technologies are now cheaper and standard as  modules, mak-
ing the application affordable and capable of sustainable daily use in the 
meat processing environment.
Meat cutting solutions by robotics with generic applicability require techno-
logical solutions that combine the sensory capabilities as well as manipula-
tion and motion control dexterities skills workers possess. Figure 2 provides 
an overview of the sensory, motion control and decision processing attri-
butes that a robotic system must possess for tasks such as meat cutting 
and packaging.
It is relevant to highlight that enhanced capabilities in robotics, beyond hu-
man skill, may be reached with sensors that measure weight or scan prod-
ucts by x-ray, ultrasound or other similar devices. An example is the use 
of ultrasonic measurements in the determination of meat thickness in a fat 
trimming project, to leave a uniform layer of fat cover on a beef striploin4.
Developments since the late 1980’s have established new knowledge and 
practical application in meat cutting and handling relevant to primal cutting 
as well as de-boning and packaging. Figure 3 represents three important 
highly yield driven tasks for robots, where greater control over the process 
can result in significant performance in achieving consistent weights in high-
er priced primal products such as in lamb, pork and poultry.
The key is the computerised determination of cut paths5 and the execution 

of the cuts in a manner that may be controlled, placing each cut on a carcass 
of varying size and shape, compared to a previous carcass.  The outcome 
from each cut needs to be optimised without compromising quality or spec-
ification.
Although many challenges have been and continue to be met by advances 
in technology, opportunities for future applications, including those in beef 
and other protein and non-protein foods remain, including intelligent pack-
aging6.
The topics of this paper include past and on-going developments, drawing 
attention to the opportunities and challenges in technology advancements, 
approach to R&D, education and management of change, as well as ex-
changes through networking7. Focused action is required by all concerned 
before the wide-spread and sustainable use of robotics in the meat, and 
indeed the whole of food sector can be realised.
It is essential that all solutions for adoption are cost engineered and capable 
of day to day operation within the skill base of the user industries, with tech-
nology R&D providing simple and easily maintainable solutions.
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Muscle quality issues explained by metabolomics (#661)

Gavin Boerboom, Theo van Kempen, Alberto Navarro-Villa, Adriano Pérez-Bonilla
Ingredient Research Centre, Researcher Feed Additives, Boxmeer, Netherlands

Short Abstract
Biological problems are usually solved using the traditional cycle of knowl-
edge. This cycle starts with preconceived notions about a problem, which 
leads to experiments being designed to test a hypothesis. If insufficient infor-
mation is available, the traditional hypothetico-deductive approach to solve 
an issue is not a viable option. In this case, the inductive approach can be 
used. With the inductive approach the strategy should be to generate data 
that can be used to generate a hypothesis. Metabolomics is a great example 
of an inductive approach. Metabolomics is a method that gives a molec-
ular fingerprint, which is the downstream result of gene transcription and 
post-translational protein modification in a cell, tissue, or whole organism 
in a particular physiological state. Their levels can therefore be regarded 
as the ultimate response of the biological system to genetic and environ-
mental changes. Metabolomics was used to study the underlying etiology 
of the muscle defect white striping. The exact etiology was unknown with 
many hypothesis already tested, which made it a great case for the use of 
metabolomics. Untargeted metabolomics was used which enables to study 
as many metabolites as possible, yielding in total 599 metabolites. Results 
showed a reduction in the concentration of carnitine esters involved in trans-
fer of long-chain fatty acids from the cytoplasm to the mitochondria in WS 
affected muscles (P<0.01). This was associated with an increase in fatty acid 
intermediates, which can act as detergents on the cell membrane. Levels 
of cis-5-tetradecanoyl-carnitine especially back-up this theory since this 
is used as a marker for beta-oxidation defects and show a 4-fold increase 
in WS cases (P<0.01). Likely, mitochondrial ∝-oxidation was inhibited, while 
less oxygen sensitive peroxisomal ∝-oxidation continued. With regards to 
the arginine metabolism, citrulline levels were increased and arginine levels 
decreased, likely indicating an increased production of nitric oxide. The latter 
is generally used by broilers to enhance blood flow to the muscle. The TCA 
cycle showed opposing directionality, known as the backflux. This enables 
the TCA cycle to produce high-energy phosphates in a low oxygen state. 
Taurine increased 2-fold in WS affected tissue, which has a protective role 
in hypoxic conditions due to stabilization of the sarcolemma as well as con-
trolling internal calcium levels. Indications of swelling were found with both 
organic and inorganic osmolytes concentrations increasing in WS affect-
ed tissues. WS was mainly associated with hypoxic conditions. A study in 
Ross 308 broilers was designed to test solutions that were based on the 
metabolomics results. The results showed that the greatest improvement in 

meat quality were associated with treatments focusing on improving mineral 
homeostasis, modulation of energy metabolism, antioxidant status, vasodila-
tation and/or enhancing muscular tone. These led to reductions in the per-
centage of severe WS fillets that could be up to 60% in comparison to the 
control treatment. The results of this research indicates that metabolomics 
is a useful tool to gain knowledge, better understand and generate solutions 
for problems with an unclear origin.
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Computer vision system for color measurements of meat and meat products (#20)
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1 University of Belgrade, Faculty of Agriculture, Belgrade, Serbia; 2 Centro Tecnológico de la Carne de Galicia, Parque Tecnológico de Galicia, Ourense, Spain; 3 Universitat de València, Nutrition and Food 
Science Area, Preventive Medicine and Public Health, Food Science, Toxicology and Forensic Medicine Department, Valencia, Spain; 4 Institute of Meat Hygiene and Technology, Belgrade, Serbia 

Introduction
Color is a personal experience. Color influences meat-purchasing decisions 
as well. For the consumers, major indicator of freshness and wholesome-
ness is discoloration, making color a major meat quality factor. This informa-
tion is apparent to meat producers, retailers, and researchers in meat sci-
ence and technology, as well. Importance of color is also reflected in the fact 
that improving color stability of meat and meat products will influence their 
shelf life by increasing the time that meat is visually acceptable to consum-
ers at retail. With the aim of measuring food color rapidly and non-invasively, 
new objective and consistent methods are required for the effective color 
control of meat and meat products. Computer vision system (CVS) is such a 
novel technology for food color evaluation. The aim of this mini-review was 
to present the application of CVS for instrumental color evaluation of poultry 
meat, game meat and meat products with various physical properties and its 
advantages over the traditional color measuring method.
Methods
The color was measured with Minolta CR-400 colorimeter and Computer 
vision system (CVS) (Figure 1) as described in detail by Toamsevic et al. 
(2019a). The tests used were adopted from the investigation of Girolami et al. 
(2014) with slight modifications. The data gathered from the similarity tests 
(A, B) were analyzed to determine statistical significance based on the fre-
quency of each response (χ2 One sample test), where the expected frequen-
cy was 50%. In order to analyze data in respect to level of similarity (test A) 
and level of difference (Test C), one-way ANOVA was used. To distinguish 
statistical differences between the data, Tukey’s post hoc tests were per-
formed.
Results
With ΔE=18.5 for chicken meat an ΔE= 22.04 for turkey meat, we can con-
clude that the two systems measured their colour significantly different and 
even contrasting. Negative ΔL values for duck and goose breasts indicate 
that the color measured with CVS was darker than the color obtained with 
colorimeter (Figure 2).   All the a* values for game meat were higher when 
measured with CVS compared to colorimeter meaning that the color ob-
tained with CVS was more “red” (or less “green”) (Tomasevic et al., 2019b). 
When a color of uniformly-colored meat products was evaluated, ΔE ranged 
from 6.7 for Saveloy sausage up to 26.0 calculated for Pork prosciutto. The 
highest total meat-parts color difference (ΔE = 20.3) was observed for beef 
fermented sausage, and maximum total fat-parts color difference (ΔE = 35.3) 

for pork fermented sausage. Meat segments were assessed in darker and fat 
segments in lighter colors when measured with CVS compared to colorime-
ter (Figure 3). The results of test A between the colour of the actual sample 
of meat products and the CVS obtained colour of the image displayed on 
the monitor, showed that the panelists found the digital images similar to 
the actual samples. All panelist found that the actual colour of all samples 
was similar to the chip color generated with CVS. Frequency of similarity for 
meat products was also very high and ranged from 92.9% for chicken pate, 
beef sausage, smoked bacon, dry pork neck and pancetta, to 100% for all 
the other meat products samples.   For poultry meat the level of similarity 
ranged from “low” to “moderate” and for game meat and meat products from 
“moderate” to “high”. Test B showed that the CVS-generated colour chips 
were more similar to the sample of the poultry meat, game meat and meat 
products visualized on the monitor, compared to colourimeter-generated co-
lour chips in all (100%) individual trials performed. Test C regarding meat 
products revealed that the magnitude of differences between the CVS and 
colorimeter color chips displayed on the monitor, ranged from 1.2 (“very low”) 
for Saveloy sausage to 4.2 (“high”) for Pork prosciutto.
Conclusion
Our results demonstrated significant differences between L*, a*, b* color 
values of the meat and meat products measured with CVS and traditional 
colorimeter. CVS-generated colors were found moderately to highly similar 
to the color of all samples. They have better represented the actual color 
of meat and meat products samples as perceived by trained/experienced 
panelists. Our data clearly show that the CVS methodology is more accurate 
and precise for measuring color of meat and meat products. The use of a 
computer vision system should be considered a more desirable alternative 
to the traditional method for measuring color of meat products.
References
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Figure 3.  
Color of meat products as evaluated by the two methods (Tomasevic et 
al. 2019a) 



Notes

Book of Abstracts | Thursday 08 August, 2019 | Emerging Technologies

65th International 
Congress of Meat Science 
and Technology

610

 
Figure 2.  
Color of poultry meat as evaluated by the two methods 
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Figure 1.  
Computer vision image acquisition system (Tomasevic et al. 2019a) 
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Multiblock PLS modelling of red meat quality parameters using a variety of sensors. (#411)
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Introduction
Objective, non-invasive and rapid evaluation meat quality is often described 
as the holy grail of meat science. However, no single sensing technology 
has been shown to effectively estimate meat quality parameters of interest 
to consumers, such as intramuscular fat percentage (IMF%), pH and tender-
ness. In this study we estimate these parameters in New Zealand beef short-
loin using Multiblock partial least squares regression (MB-PLS) with data 
from a range of different spectroscopic sensing modalities. These modali-
ties include Hyperspectral imaging, NIR spectroscopy, Raman spectroscopy 
and Nuclear Magnetic Resonance (NMR). Multiblock statistical methods for 
analysis of food are becoming increasingly popular as the number of reliable 
sensor data increases. Previous studies have shown improved predictive 
performance using multiblock analyses compared to traditional methods (E. 
Borr`as et al. 2015).
Methods
182 beef shortloin were cut into 364 cross section samples. The samples 
ranged in IMF% from 0.6-19.36%, pH from 5.2-6.95 and adjacent steaks were 
used to measure the tenderness at 7, 14 and 21 days ageing analysed ac-
cording to MIRINZ tenderometer protocol (B. B. Chrystall, 2015). A portion 
of the steaks were cold-shortened in order to ensure the sample set had a 
wide range of tenderness values. Spectroscopic data was collected at 24 
hours post-slaughter. A Xenics XEVA 1.7-320 hyperspectral camera offers 
the widest wavelength range (550-1700 nm) but longest imaging duration 
(C. Craigie et al. 2017). Two snapshot HSI cameras spanning the visible (470-
630 nm) and near-infrared (670-950 nm) spectrum have lower resolution 
and fast imaging times. HSI images aresegmented using a Yen threshold 
technique to remove the background and subcutaneous fat. Each image is 
averaged pixel-wise and normalised using standard normal variate (SNV) 
normalisation to give a single spectrum per image. We use multiblock PLS 
to analyse the performance of the sensors and generate predictive models 
for pH, IMF% and tenderness. Data from each sensor are treated as inde-
pendent blocks. PLS models are generated for each block, and features from 
those models are then used to build a final predictive model (E. Borr`as et al. 
2015). Because of this, multiblock methods can be used to highlight which 
sensor data is most relevant to predicting certain quality parameters via their 
block scores.
 

Results
Combinations of the available spectroscopic data have been used to build 
a models to predict meat quality parameters. Two thirds of the samples are 
used to generate the predictive models (calibration data set) and the remain-
der are used to check the performance of the model (validation data set). 
Figures 1 and 2 show the predicted IMF% and pH, respectively, compared to 
their independently measured result. For IMF and pH predictive models the 
r2 of validation is 0:87 and 0.91 respectively, with mean square error of 1.416, 
and 0.021. Using only data from the two snapshot cameras to develop IMF 
and pH MB-PLS models results in r2 of validation is 0.78 and 0.87 with mean 
square error of 2.4, and 0.029.
Conclusion
Multiblock PLS has been used to build models to predict pH and IMF% of 
beef short loin samples with data from various spectroscopic sensors. For 
both pH and IMF%, there is little improvement over modelling using only 
data from the Xenics XEVA 1.7-320 camera. However this device is least ap-
plicable in an industrial setting. Using only data from more appropriate sen-
sors results in slightly depreciated predictive models. These models may 
improve when Raman spectrocopy and NMR data are included.
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Predicted IMF percentage of beef shortloin using MBPLS 
Figure 1. IMF% predicted using a MBPLS generated model compared to 
the independently measured result. 

 
Predicted pH of beef shortloin using MBPLS 
Figure 2. pH predicted using a MBPLS generated model compared to the 
independently measured result.
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Artificial intelligence (AI) and vision technology for improving efficiency and quality in meat production (#621)

Holger Dirac, Peter Stentebjerg, Glenn B. Nielsen, Troels T. Mørch
Danish Technological Institute, DMRI, Taastrup, Denmark

Introduction
AI is receiving increased attention as a potential game changer within sev-
eral diverse areas such as medicine, law, security, and marketing. The rapid 
progression of new AI applications is not just due to advancement within 
computer science, indeed to a large extent the basic approaches and algo-
rithms have been available for decades. It is the availability of vast amounts of 
digitalized data, e.g. from the Internet, and the ever-increasing performance 
of hardware that lie at the foundation of the development. Within production 
and specifically within food and beverage there is also an increasing aware-
ness of the AI potential. We have investigated the potential of AI in combina-
tion with vision for several different applications within meat production. The 
applications center around food sorting, quality assurance, production tech-
nology (e.g. robotics), and maintenance. The common driver for introducing 
AI technology in meat production is the need to embed expert knowledge 
into software to be able to automate complex processes. Combining vision 
technology with deep learning image analysis for classification, feature rec-
ognition, and anomaly detection is a powerful tool to achieve this objective.
Here we report the results of a network trained to classify meat products 
according to product type, i.e. for automatic product recognition and desti-
nation in the plant. In the cutting plant this task is normally performed by a 
skilled operator who is familiar with the different types of main and by-prod-
ucts, which are produced on the de-boning line. Crates with product are 
transported to a weighing station with a data terminal where the operator 
identifies the product in the crate, assesses the quality and enters the prod-
uct identity number into the system.
Methods
Deep learning architectures, such as convolutional neutral networks, are 
based on artificial deep neural networks and can be used to analyze images, 
i.e. for computer vision. An artificial neural network performs a numerical 
analysis using weights that are adjusted for the given application. The ad-
aptation of these weights for the application is referred to as training of the 
network and is usually performed with a numerical optimization. Tradition-
ally, expressive features in the data are extracted and the network trained 
by adjusting the weights to give reasonable predictions based on these fea-
tures. By increasing the depth and width of the network it becomes able 
to capture more complex relations and therefore “deep” models generalize 
better than traditional “shallow” artificial neural networks. As a consequence 
there is less need for dedicated feature extraction but instead the network is 

applied to the raw data (images) and learns to extract the relevant features 
through training.
In the reported application images were grouped into 30 categories that cov-
ered 90% of all products produced at the site. Each category was based on 
visual distinction. A model based on the ResNet50 architecture was trained 
on 700 images of each category. An additional 300 images were used in the 
offline testing. Finally, the network was implemented in an online version, 
which recognizes the product type in real time. The online version ran for 10 
working days identifying 30.000 images, this data was validated against the 
manual operator.
Results
The automatic product recognition system had a precision of 97% when 
tested off-line on the annotated test set. Precision refers to the percentage 
of all test images assigned to the correct category. The prediction of a class 
from such a network is based on a numerical result, this result also refers to 
a certainty in the prediction. Thresholding the prediction, so the uncertain 
samples were routed for manual inspection, a precision of 99% could be 
achieved on the test sample with manual handling of only 7% of the cases.
The online version had a precision of 94% when using the operator identifi-
cation as the truth. The performance could be improved to 98% if a system 
similar to the one discussed above was implemented. In this case 11% would 
be sent  for manual inspection. When validating the online system against 
manual operators the error rate of manual recognition must be taken into 
account. To quantify this, two operators were benchmarked against each 
other. The operators were in accordance with each other in 85% of the rec-
ognitions when identifying product types from images.
Conclusion
AI, specifically deep learning in combination with vision technology, is a 
powerful tool in meat production were the further automation of processes 
requires embedding expert knowledge into information and control systems. 
Specifically, we have shown that a neural network system can largely auto-
mate product recognition and destination in the plant thus reducing operator 
cost and at the same time potentially decreasing the number of erroneously 
identified products.
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AI vision system 
DynaCQ vision platform used for collecting images of different prod-
uct types. An online version of product recognition was subsequently 
implemented in the platform.
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Computational modelling of spatial distribution of hydrodynamic shockwave technology towards improved tende-
risation of beef Longissimus lumborum(#141)
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Introduction
Meat tenderness is a highly valuable attribute but it can often be inconsistent 
which can deter consumers from repurchasing. Shockwave (SW) technol-
ogy has been reported to improve tenderness by disrupting muscle fibres 
and connective tissue [1]. This can be achieved by a controlled electrical 
discharge underwater, generating pressures of up to 1 GPa for milliseconds. 
In order to optimise the technology towards consistent tenderisation of meat 
and subsequent commercialisation, it is necessary to model the spatial dis-
tribution of the hydrodynamic shockwaves. This study aims to model the 
distribution kinetics of SW and subsequently, apply this knowledge to pre-
liminary tenderisation studies on beef longissimus lumborum.
Methods
Study A. Computational modelling of hydrodynamic shockwave distribution
Laminated pressure sensitive paper (Fujifilm low pressure 2.5-10 MPa, Bes-
tech, Australia) was used to quantify the distribution and penetration of hy-
drodynamic shockwaves. Following SW treatment (15-30 kV) by electrical 
discharge underwater in a customised SW unit (Fig. 1. DIL, Quakenbrück, 
Germany), the pixel intensity on the pressure paper was analysed by an 
Epson Perfection V370 Photo Scanner. Colour pixel intensity and distribu-
tion was measured in terms of pressurised area (mm2), average pressure 
(MPa), maximum pressure (MPa) and load (N). Pressure paper and rubber 
mats (polymer: styrene-butadiene and isoprene rubber; 230 x 250 x 10 mm 
and 230 x 250 x 25 mm L x W x H) were layered in various stacked config-
urations to simulate meat for modelling purposes. The mathematical model 
considered the system as isothermal with transient turbulent fluid flow. The 
highly coupled non-linear partial differential equations (PDEs) in the space-
time domain, together with the set of initial and boundary conditions, were 
numerically solved by the finite element method (FEM) using a commercial 
software package (COMSOL MultiphysicsTM, Comsol AB, Stockholm, Swe-
den).
 Study B. Preliminary study assessing the effect of shockwave on beef 
Paired striploin (longissimus lumborum) muscles from four carcasses (male 
steers with dentition 6, 321-368 kg) were trimmed into two samples per mus-
cle (L x W x H =10 x 14 x 5.5 cm) and vacuum packaged. Samples were sub-
jected to SW treatment (25 kV, 8 pulses, ambient temperature in stationary 
mode) by placement directly under the source. Samples were randomly allo-

cated to 0 day (analysed immediately post-treatment) or 7 days storage (-0.5 
°C). A steak (25 mm) from the centre of each striploin was cooked to a core 
temperature of 72 °C in a water bath (75 °C, 30 min). After overnight storage 
at 5 °C, samples were analysed using a modified Warner-Braztler shear force 
(WBSF) method [2]. Data were analysed using Genstat (19th Edition, VSN 
International, UK) by two-way analysis of variance with factors of voltage (0 
or 25 kV) and storage time (0 or 7 days), and animal set as a block.
Results
As shown in Fig. 2A, the pressure paper detected pressure variations from 
SW treatment whereby green, red and yellow zones indicate pressures of 
< 2.5 MPa, 2.5 to 10 MPa and > 10 MPa, respectively. Results showed that 
the pressure distribution within the treatment chamber was even from top 
(5.32 MPa) to bottom (4.70 MPa) of the belt with only a slightly increase in 
pressure towards the SW source. The predicted and measured values were 
comparable which allowed a model to be generated which could simulate 
pressures at various distances above the treatment belt (Fig 2B and C). The 
findings from the model were used to design the preliminary tenderness 
study. For the preliminary tenderness study (Study B), WBSF measurements 
were undertaken after each storage time point. WBSF results (Fig. 3) indi-
cated that SW treatment could significantly reduce peak force (N) at day 0 
by 15N (p<0.05). Storage days also reduced peak force (p<0.01), whilst the 
interaction of voltage with days was not significant (p>0.05), indicating the 
largest effect of SW is found directly after treatment.
Conclusion
The computational modelling was successful in predicting pressure at vari-
ous distances from the belt and can be applied to understanding the param-
eters for further optimisation of SW treatment of beef. The results of texture 
analysis indicated that the most significant effect of SW was immediately 
after treatment i.e. at 0 days storage. These initial findings indicate that SW 
technology could improve production efficiencies and reduce costs by re-
ducing ageing times. However, further research is required to validate these 
initial findings and apply SW to different muscles to explore wider applica-
tions of this technology.
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Figure 1.  
The Shockwave unit at CSIRO Coopers Plains, Brisbane used for this 
project

 
Figure 3.  
Peak force (N) for beef samples treated with Shockwave at day 0 and 
7 analysis. Error bars indicate the standard deviation from the mean
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Figure 2.  
A. Representative images of the pressure distribution at different 
voltage settings; B. Pressure distribution across the 230 mm width 
of the belt (at 10 mm from above the belt surface; time = 0.1 ms 
after shockwave application). C. A 2D surface plot of the pressure 
distribution in the SW system (time = 0.1 ms after SW application)
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O-05-05 

Vascular rinsing and chilling: effects on quality attributes and metabolic changes in beef (#552)

Ligia Cunha Moreira1, Ko Eun Hwang1, Maggie A. Mickelson2, Robert E. Campbell2, James R. Claus1

1 University of Wisconsin-Madison, Meat Science and Muscle Biology Laboratory, Animal Sciences department, Madison, US; 2 MPSC, Inc., Technical Services, Hudson, US

Introduction
Rinse & Chill® (RC) is a process applied early postmortem that provides the 
ability to manipulate muscle metabolism in a manner that can have a positive 
impact on tenderness and other meat quality traits. The RC process involves 
infusion of a chilled (4 ºC) isotonic solution (98.5% water; balance: glucose, 
phosphates, and maltose) through the vascular system, beginning in the 
arterial and exiting the venous side of the vasculature. There is strong evi-
dence that RC decreases shear force values (Farouk et al., 1992; Mickelson 
and Claus, 2017; Fowler et al., 2017) and improves color (Fowler et al., 2017; 
Moreira et al., 2018). However, these results seem to vary among species. 
Therefore, the objective of this study was to evaluate the effects of Rinse & 
Chill® on pH decline, shear force, sarcomere length, and cooking losses on 
different cull dairy cow carcass grades and to investigate the ability of differ-
ent substrates to modulate the contractile response as an indirect measure 
of metabolic activity on beef early postmortem.
Methods
For each carcass grade (lean, LE; light, LI), ten carcasses were conven-
tionally chilled (CC) and twelve carcasses were chilled using Rinse & Chill® 
technology (RC; MPSC Inc., Hudson, Wisconsin). The pH of each carcass 
was taken at 1, 4, 8, 12, and 24 h postmortem. Shear force and cooking losses 
were measured on Longissimus dorsi steaks aged (7 d) according to AMSA 
guidelines. Sarcomere length (SL) was determined by a laser diffraction 
method. Animal served as the experimental unit and data were analyzed 
with a PROC MIXED procedure. For contraction measurements, a muscle-fi-
ber bundle from the Sternomandibularis muscles (n=14) was collected from 
cull dairy cows in a commercial packing plant, 15 minutes after bleeding. 
Part of the sample was frozen in liquid nitrogen for further analysis. The 
muscle-fiber bundle was attached to a force transducer (FT-302, iWorx, Do-
ver, NH). Stimulation electrodes were used to elicit a supramaximal electri-
cal stimuli at a frequency of 0.1 Hz (50 V, HCS-100 stimulator, iWorx). Mus-
cle weight was standardized, and length was adjusted to obtain maximum 
twitch-tension output. After 3 minutes of rest in a test solution, 200 stimuli 
were given, and the contractile response was recorded. Four solutions were 
tested (A=RC solution, B=Fructose, C=Sodium phosphate, D=Dipotassium 
phosphate; substrates added at 1% except fructose 1.5%). Descriptive means 
for initial peak twitch force, final peak twitch force, percentage decline and 
percentage half-time decline were calculated to determine the response as-
sociated with each solution.

Results
There was a treatment effect on pH decline for LI and LE cows (Figure 1). 
For LI cows, RC resulted in lower (P<0.05) pH at 1, 4, 8 and 24 hours. For LE 
cows, RC resulted in lower (P<0.05) pH at 4 and 8-hours postmortem. Purge 
and cooking losses were not affected by chilling method (Table 1). However, 
RC compared to CC reduced (P<0.05) shear force by 51.9% for LI steaks 
and 55.8% for LE steaks (Table 1). CC steaks from LI cows were more tender 
(P<0.05) than those from LE cows. RC compared to CC had longer sarco-
mere lengths (P<0.05, Table 1). The contractile responses of the muscle after 
the exposure to the solutions were slightly different. The average percentage 
decline of peak twitch force was higher for solution B, followed by solutions 
A, D, and C (54.8%, 53.5%, 48.0%, 43.4%, respectively). Furthermore, the 
same pattern was observed for the average percentage decline at half time 
of the test (82.5%, 80.4%, 78.1% and 74.7%, respectively).
Conclusion
Packing plants that harvest lower grade cull dairy cows have the potential 
to dramatically improve the tenderness and thereby merchandize a great-
er amount of beef as whole muscle meats as a result of the application of 
the vascular Rinse & Chill® process. This improvement may be associated 
with accelerating postmortem glycolysis, thereby limiting cold shortening, 
although enhanced proteolysis may also be involved. Continuous electrical 
stimulation of isolated muscle-fiber bundles while being soaked in selected 
test solutions led to decreased and somewhat varied contractile force re-
sponses suggesting the potential to modify muscle metabolism.
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Figure 2 
Shear force (kgf) values for lean and light cows from control and RC 
treatments. a-c means with unlike letters are different. 

 
Table 1 
Least square means of the effects of carcass chilling treatment on 
two cow types1
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Figure 1 
pH decline of LE and LI cows for control (CC) and rinse and chill 
(RC) treatments. a-kmeans with unlike letters are different (P<0.05)
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O-06-01 

Oxidative stress as an underlying cause of the impaired meat quality in chicken breasts affected by the White 
Striping myopathy (#649)

Leila Carvalho2, Marta Madruga2, Mario Estevez1

1 University of Extremadura, Food Technology, Caceres, Spain; 2 Federal University of Paraiba, Food Engineering, Joao Pessoa, Brazil

Introduction
Meeting the increasing global demand for chicken meat has been made 
by selecting broilers for fast growth and high carcass yields. As a result 
of this, emerging abnormalities in chicken breasts have appeared including 
the white-striping (WS) myopathy.  WS is characterized by the occurrence 
of white striations along the direction of the muscle fibers. Unlike the typ-
ical marbling fat in certain pork and beef muscles, these striations do not 
respond to a physiological accretion of lipids that may improve meat quali-
ty. Conversely, it is regarded as a reflection of a myodegeneration process 
that involves interstitial inflammation, edema, and necrosis. Besides the im-
paired appearance, some quality traits have been found to be impaired in 
WS breast muscles including water-holding capacity (WHC). The incidence 
is very high as more than 90% of commercial samples in the US are affected 
by this condition. The identification of the underlyng causes is essential to 
find means to avoid the ocurrence of the myopathy and alleviate the meat 
quality problems. The objective of this work was to investigate the role of 
oxidative stress on the onset of WS myopathy and the associated loss of 
protein functionality.
Methods
Commercial samples of chicken breasts were obtained from local slaughter-
houses and classified in 3 groups depending on the ocurrence and severity 
of WS condition: Normal (N), moderate WS (MWS) and severe WS (SWS) 
(n=15 for each group). 
Muscles were analyzed for their chemical composition (AOAC methods), 
the oxidative damage to lipids (TBARS) and proteins (carbonyls by HPLC 
and cross-links by fluorescence spectroscopy), endogenous antioxidant 
enzymes (catalase, superoxide dismutase and glutathion peroxidase; by 
spectrophotometric methods), instrumental color, instrumental texture and 
water-holding capacity by a centrifugation method. 
SPSS was used to compared between means by using ANOVA and Tukey 
tests as post-hoc analyses. 
Results
The ocurrence and degree of severity of WS had an influence on all mea-
surements applied to the samples. WS samples had more lipids and less 
water than N samples. Color (more palid) and texture (harder) parameters 
were also impaired by the WS condition. While no significant differences 
were found between samples for the concentration of MDA, proteins from 

WS samples were severely oxidized as compared with N breast samples. 
Concomitantly, WS muscles had lower concentrations of endogenous anti-
oxidant enzymes (particularly catalase). While the collapse of the endoge-
nous antioxidant defenses would explain the more intense oxidative damage 
in WS muscles, the intense protein oxidation may be responsible for the loss 
of WHC as positive and significant correlations were found between protein 
carbonyls and WHC (r= 0.76; p<0.05). 
Conclusion
Though the origin of the myopathy seems to be indefinite, the present results 
indicate that oxidative stress may be playing a major role in the impaired 
quality traits and particularly on the WHC. While some antioxidant strategies 
may be applied to avoid this condition and its negative effects on meat qual-
ity, it seems obvious that the decisions taken at the farm in terms of genetic 
selection, feeding strategies and animal handling have gone too far at pro-
moting animal production parameters and overlooking meat quality issues. 
A “slowlier” animal production system for broilers may be recommended. 
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Figure 1 
Normal chicken breast sample (A) and chicken breasts affected by mod-
erate (M) and severe (S) White Striping myopathy. 



Notes

65th International 
Congress of Meat Science 
and Technology

625

Book of Abstracts | Thursday 08 August, 2019 | Muscle Biology & Metabolism

O-06-02 

S-Nitrosylation Of RyR1 And SERCA1 In PSE snd RFN Pork (#470)

Ying Y. Wang, Wan G. Zhang, Guang H. Zhou
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China 

Introduction
Protein S-nitrosylation is defined as the covalent attachment between NO 
and the sulfhydryl group of protein cysteines that can regulate protein struc-
ture, activity and function [1]. Ryanodine receptor type 1 (RyR1) plays a cru-
cial role in calcium release from sarcoplasmic reticulum in cycles of muscle 
relaxation and contraction, while sarcoplasmic reticulum calcium ATPase 1 
(SERCA1) is responsible for the calcium re-uptake process. Several cysteine 
residues of RyR1 and SERCA1 are easily modified by NO to form S-nitroso-
thiols. Many researches have shown that protein S-nitrosylation can reg-
ulate sarcoplasmic calcium concentration by increasing RyR1 activity and 
inhibiting SERCA1 activity [2-5]. Excessive calcium release in the early stage 
of postmortem can induce extreme muscle contraction and then acceler-
ate muscle metabolism. In our current study, protein S-nitrosylation levels 
of RyR1 and SERCA1 were detected at 1 h postmortem in pork longissimus 
thoracis. It is postulated that abnormally high S-nitrosylation level of RyR1 
and SERCA1 can disorder the balance of sarcoplasmic calcium leading to 
accelerated pH decline and the development of PSE meat. Thus, the aim of 
this study was to compare of the S-nitrosylation levels of RyR1 and SERCA1 
between PSE and RFN pork to explore the underlying mechanism in the 
development of PSE meat.
Methods
Porcine longissimus thoracis (LT) was obtained at 1 h postmortem to analyze 
the quality and biochemical indexes. Seven pale, soft and exudative (PSE) 
and seven red, firm and non-exudative (RFN) meat were selected according 
to the following criteria [6]: PSE, pH < 6.0, L* > 50 at 1 h postmortem, drip 
loss > 10% at 24 h postmortem; RFN, pH > 6.0, L* < 50 at 1 h postmortem, 
drip loss < 10% at 24 h postmortem. Shear force was detected using the 
modified method of Thompson et al [7]. Sarcoplasmic calcium concentra-
tion was determined following the method described by Parrish et al [8]. 
S-nitrosylation levels of RyR1 and SERCA1 were detected by biotin switch 
combined with the immune-blotting method. Protein samples were prepared 
following the direction of S-Nitrosylation Western Blot kit. The S-nitrosylated 
sample was enriched by immobilized anti-TMT resin for S-nitrosylated pro-
tein analysis. The protein S-nitrosylation level was expressed by the ratio of 
enriched S-nitrosylated proteins and unenriched total proteins. S-Nitrosylat-
ed proteins and unenriched total proteins were determined using western 
blotting proposed by Zhang et al [9]. All data were analyzed by one-way 
analysis of variance (ANOVA) using SAS version 9.1and mean differences 
were compared by Fisher’s protected least significant difference (LSD) test 

(P < 0.05). Mean values were expressed as mean ± standard error and sig-
nificance was reported at P < 0.05.
Results
As shown in Table 1, the pH, the color at 1 and 24 h and the drip loss at 24 
h postmortem were significantly different between PSE and RFN samples 
(P < 0.05). In addition, higher shear force was detected in PSE meat than in 
RFN meat at 24 h postmortem (P < 0.05). The results were consistent with 
previous study which reported PSE meat possessed inferior quality includ-
ing pale color, high water loss and tough texture after cooking [10]. Sarco-
plasmic calcium concentration is presented in Fig. 1. PSE meat possessed a 
higher sarcoplasmic calcium concentration than RFN meat at 1 h postmor-
tem (228.33 µM for PSE vs 38.89 µM for RFN, P < 0.05). Excessive calcium 
concentration in sarcoplasm can considerably accelerate the rate of muscle 
metabolism, lactic acid production and pH decline [11]. An abnormally high 
sarcoplasmic calcium concentration in the early stage of postmortem was 
thought to be the primary cause of muscle contraction and then induced 
increased glycolysis [12]. The dysregulation of RyR1 and SERCA1 may be 
responsible for the disorder of sarcoplasmic calcium concentration.
As presented in Fig. 2, higher S-nitrosylation levels of RyR1 and SERCA1 
were observed in PSE meat than in RFN meat (P < 0.05).  Increased RyR1 
S-nitrosylation in PSE meat can promote RyR1 to release calcium that can 
accelerate muscle contraction. Furthermore, a higher S-nitrosylation level of 
SERCA1 in PSE meat may inactivate SERCA activity, leading to less calci-
um re-uptake from sarcoplasm. Consequently, the muscle relaxation cycle 
was inhibited, and muscle contraction was accelerated, which led to a high 
glycolysis rate. Thus, different S-nitrosylation levels of RyR1 and SERCA1 
could explain the variation of sarcoplasmic calcium concentration between 
PSE meat and RFN meat. Excessive calcium could induce intense skeletal 
muscle contraction, lactic acid accumulation and faster rate of pH decline, 
leading to the occurrence of PSE meat with the deteriorated feature.
Conclusion
The current study showed that the sarcoplasmic calcium concentration in 
PSE meat was six times higher compared to RFN meat at 1 h postmortem. 
The S-nitrosylation level of RyR1 and SERCA1 in PSE meat was significantly 
higher than in RFN meat. Abnormally high S-nitrosylation level of RyR1 and 
SERCA1 can putatively induce increased sarcoplasmic calcium. Our study 
provides a new perspective to explain the development of PSE meat in the 
early stage of postmortem muscle.



Notes

65th International 
Congress of Meat Science 
and Technology

626

Book of Abstracts | Thursday 08 August, 2019 | Muscle Biology & Metabolism

 
Fig. 2 RyR1 and SERCA1 S-nitrosylation level at 1 h postmortem of RFN 
and PSE pork 
A. The RyR1 content before enrichment. B. The S-nitrosylated RyR1. 
RyR1 S-nitrosylation level was expressed as the ratio of quanti-
fication of B/A. a. The SERCA1 content before enrichment. b. The 
S-nitrosylated SERCA1 content. SERCA1 S-nitrosylation level was ex-
pressed as the ratio of quantification of b/a. Standard was one of 
the samples in postmortem muscle with clear and stable band in trial 
test and was loaded into each gel. Means with different superscripts 
differ significantly (P < 0.05, n= 7).
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Fig. 1 Sarcoplasmic calcium concentration at 1 h postmortem of RFN 
and PSE pork 
Means with different superscripts differ significantly  
(P < 0.05, n = 7).

 
Table 1. pH, color, drip loss and shear force in PSE and RFN pork  
Means within the same row with different letters are significantly 
different (P < 0.05, n = 7).
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O-06-03 

Proteomics Of Colour Stability In New Zealand Lamb Meat (#302)

Siou Y. Kwan1, James D. Morton1, Jolon M. Dyer2, Santanu Deb-Choudhury2, Jeffrey E. Plowman2

1 Lincoln University, Department of Wine Food and Molecular Biosciences, Lincoln, New Zealand; 2 AgResearch Ltd, Lincoln, New Zealand

Introduction
Beef and lamb which is a bright cherry-red colour is regarded as superior 
quality and freshness, but it is short lived [1]. Extending this shelf-life is crit-
ical for the New Zealand meat industry which relies on high-value chilled 
products that are shipped and sold overseas.
In earlier work [2] we have compared meat from lamb sires selected for dif-
ferent colour stability and identified 5 colour stable and 5 colour-labile lines. 
In this experiment we have vacuum packed loins from these lines, aged them 
for eight weeks and then displayed them under simuylated retail display con-
ditions (4-6C air temperature, >1000 Lux daylight)  for six days. The objective 
was to to find proteins that differed between stable and labile lines using dif-
ferential fluorescent staining (DIGE) on 2-dimensional gels (2D-PAGE).
Methods
Pooled samples of 100mg from 8 animals of each sire within the 2 colour 
groups (stable and labile) were prepared. Proteins were extracted by ho-
mogenising these samples in 5ml of lysis buffer (7 M urea, 2 M thiourea, 1% 
dithiothreitol (DTT), pH 8.5 for 1 min), vortexing and centrifuging. The protein 
concentrations of the supernatant was determined using the 2D-Quant kit 
(GE Healthcare, USA). The pH of each sample was adjusted to 8.5, using 
sodium hydroxide. An internal sample was prepared from a mixture of equal 
amount of both samples being analysed. The protein samples were labelled 
with either Cy3 or Cy5 cyanine dye and the internal standard with Cy2 dye. 
Each sample contained a total of 150 µg protein. The labelled samples un-
derwent isoelectric focussing on IPG strips (pH 3-11 NL, 24cm) with passive 
rehydration overnight and then subsequently focused until 70,000Vh was 
reached. The IPG strips were reduced before proceeding to second dimen-
sion separation using 12.5% Tris-glycine polyacrylamide gels. The gels were 
scanned using a Typhoon FLA 9,500 scanner (GE Healthcare) at 100 µm 
resolution. Gel analysis was carried out using Delta2D v4.5 software (De-
condon, Greifswald, Germany). The spot matching and protein quantification 
was performed automatically using the Cy2 images as internal standards.
In-gel digestion was performed based on (Deb-Choudhury et al., 2010) [3] 
with minor modifications. LC–MS/MS was carried out on a Bruker nano-Ad-
vance liquid chromatography (BrukerDaltonics, Bremen, Germany) coupled 
to a Bruker amazon Speed ETD ion trap mass spectrometer. Protein identi-
fication procedure used ProteinScape v3.1.0 and Mascot Percolator (Clerens 
et al., 2010) [4].
Table 1: Gel-labelling scheme

 
Gel       Cy2                              Cy3                  Cy5
1          Internal Standard           Labile Day 0      Labile Day 6
2          Internal Standard           Labile Day 6      Labile Day 0
3          Internal Standard           Labile Day 0      Stable Day 0
4          Internal Standard           Stable Day 0     Stable Day 6
5          Internal Standard           Stable Day 6     Stable Day 0
6          Internal Standard           Stable Day 6     Labile Day 6
 
 
Results
Table 2 Proteins that were significantly higher in labile samples.
Protein ID Spot kDa Scores

(Protein-

Scape)

lAlign 

match

MASCOT 

coverage

U n i P R O T 

ID

Serum albumin precursor 1 69.1 944.4 100% 32% P14639

Cytochrome b-ca complex 2 52.9 382.4 59% 28% P24959

actin, alpha skeletal muscle 3 42 588.1 100% 34% P68133

Triosephosphate isomerase 1 4 26.7 1,164.10 100% 84% W5P5W9

 
Six proteins were found in higher amounts in labile samples than stable 
samples. Four of these were identified by mass spectrometry: actin,a major 
constituent of the contractile apparatus of skeletal muscle;  serum albumin, 
the most abundant protein in serum;  cytochrome b-ca complex,  part of the 
mitochondrial respiratory chain and triose phosphate isomerase, part of the 
glycolysis pathway and important in the production of pyruvate, amino acids 
and glycerol.
Conclusion
This study has found consistent with the hypothesis that there is a genetic 
basis to colour stability. The sire effect has been linked to increased levels of 
particular proteins. We are now using metabolomics to investigate whether 
this leads to changes in other molecules.
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Figure 2  
The position of the four proteins identified as different using DIGE
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Figure 1.  
Proteins identified on Coomassie blue stained 2D-PAGE
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O-06-04 

Oleic acid up-regulates mRNA expression of both genes related fat utilization and accumulation and a part of 
them via PPARd activation in C2C12 myoblasts (#217)

Yusuke Komiya, Naomi Watanabe, Jun Nagasao, Keizo Arihara
Kitasato University, School of Veterinary Medicine, Department of Animal Science, Towada, Japan

Introduction
Metabolic characteristics of skeletal muscle are closely related to meat qual-
ity. For example, a higher composition of glycolytic fibers in pork meat is 
positively correlated with meat lightness and drip loss. In sensory evaluation 
studies, the ratio of glycolytic to oxidative fiber is negatively correlated with 
juiciness and flavor of Berkshire pigs. Skeletal muscle metabolism is regulat-
ed by several transcription factors, one of the most important is peroxisome 
proliferator-activated receptor (PPAR)d. Activation of PPARd promotes ox-
idative metabolism and mitochondrial biogenesis in skeletal muscle. Sever-
al unsaturated fatty acids have the PPARd agonistic activity. Recently, we 
found that olive oil (rich in unsaturated fatty acid)-fed mice increased mRNA 
expression of enzymes related fat metabolism and accumulated intramyo-
cellular lipid droplets in skeletal muscle. Then, we hypothesized that intake 
of olive oil causes promoting both fat utilization and accumulation via PPARd 
activation by binding PUFA derived from olive oil in skeletal muscle.
Methods
Experiment 1: PPARd agonistic activity of various fatty acids was analyzed 
with cell-free co-activator binding assay. We used 50 mM fatty acids (pal-
mitic, linoleic and oleic acid).
Experiment 2: To elucidate whether oleic acid (abundant in olive oil and hav-
ing PPARd agonistic activity) promotes both fat utilization and accumulation 
via PPARd activation in skeletal muscle, we analyzed the mRNA expression 
of genes related them in PPARd -knockdown cultures with oleic acid. Firstly, 
we create PPARd -knockdown C2C12 myoblast by siRNA lipofection. Cul-
tures were transfected with 20 nM siRNAs (Stealths 604, 1075 and 1234 for 
PPARd) for 72-hour. Then, PPARd expression was quantified by real-time 
RT-qPCR and western blotting. Next, 100 mM oleic acid was supplemented 
in PPARd-knockdown C2C12 culture medium. After 5-hour, the mRNA ex-
pression of genes related fat utilization and accumulation was analyzed by 
real-time RT-qPCR.
Results
In experiment 1, oleic acid had higher agonistic activity to PPARd compared 
with other fatty acids (Fig. 1).
In experiment 2, Stealth 1075 showed significant decrease of PPARd ex-
pression in both transcript and protein level (Fig. 2), then we used Stelath 
1075 in experiment of oleic acid supplementation. Supplementation of oleic 
acid up-regulated mRNA expression of genes related fat utilization (Cpt1b, 

Angptl4, Pgc1a, Ppara and Cd36) and accumulation (Cd36, Acaca and Acsl1) 
in normal C2C12. In PPARd -knockdown C2C12, the up-regulation of Cpt1b 
and Cd36 was suppressed (Fig. 3).
Conclusion
Oleic acid, abundant unsaturated fatty acid in olive oil, up-regulated mRNA 
expression of both genes related fat anabolism and catabolism in C2C12 
myoblast, and a part of up-regulation was induced via PPARd activation.
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Fig. 3  
Messenger RNA expression of genes related fat utilization and accu-
mulation 
 
 
 
 
 
 
 
 
 

 
Fig. 2 
PPARd expression in C2C12 myoblasts 
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O-06-05 

Protein Co-Expression Network: A new insight to evaluate molecular mechanisms involved with intramuscular fat 
deposition and composition (#66)

Mirele D. Poleti1, Bárbara Silva-Vignato2, Wellison Diniz3, Aline S. M. Cesar2, Gabriel C. M. Moreira2, Francisco J. Novais2, Gustavo H. M. F. de Souza4, 
Luiz C. Cameron5, Thais R. Cataldi2, Carlos A. Labate2, Júlio Cesar C. Balieiro7, Luciana C. A. Regitano6, Joanir P. Eler1, Luiz L. Coutinho2, This study was 
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Introduction
The nutritional quality and organoleptic properties of meat are mainly affect-
ed by the amount and composition of fat in muscle [1]. Beef fat is a source 
of monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids, which 
are functional ingredients to prevent cardiovascular disease [2]. Several 
studies have shown that the animal’s diet and genetic background signifi-
cantly affect the meat fatty acid profile [3, 4]. However, the physiological and 
molecular processes by which these fatty acids are differentially stored in ru-
minant muscle remains incompletely understood. Proteins are the functional 
molecules within a tissue and the principal component of skeletal muscle [5], 
playing a pivotal role for many meat quality attributes. Therefore, to obtain 
new insights into the biological mechanisms involved in intramuscular fat 
deposition and composition in Nelore skeletal muscle, a co-expression net-
work with protein quantification data was constructed.
Methods
The population used in this study was 106 Nelore steers raised on pasture 
and finished in feedlots under identical nutritional and handling conditions. 
The animals were slaughtered at an average live weight of 452 ± 50 kg and 
24 ± 1 month of age. Samples were taken from the Longissimus muscle (12th-
13th ribs) from each animal, at slaughter, for proteomic analysis, and at 24 
hours after slaughter for the intramuscular fat (IMF) and fatty acid content 
analysis [6,7].
Proteins extraction from muscle were performed as described in [8]. The 
tryptic peptides were analyzed using a nanoACQUITY UPLC 2D Technology 
system coupled to Synapt G2-S High Definition Mass Spectrometer (HDMS) 
(Waters, Manchester, UK). A total of 500 ng of protein digests was loaded 
on a column for each of the 3 fractions (500 ng/fraction/load). MS data were 
acquired with Waters MassLynx v.4.1 software and processed using Protein-
Lynx GlobalSERVER v2.5 (Waters, Manchester, UK). Protein identifications 
were obtained by searching against a Nelore transcriptome database built 
from RNA-sequencing data from LD muscle [8]. A maximum false discovery 
rate (FDR) was set to 4%. Label-free protein quantification values were gen-
erated based on the label-free Hi3 method. Proteins were selected based 

on the quantification in at least 80% of the samples. Merged spectra were 
normalized to the sum of all intensities.
Co-expression approach was applied using the WGCNA R package version 
1.63 [9]. Initially, Pearson’s correlations were calculated between each pro-
tein pair, followed by transformation to a signed adjacency matrix (AM) by 
using the soft thresholding power ∝ = 10 (R² = 0.74), to which co-expression 
similarity is raised. After, the AM was transformed into a Topological Overlap 
Matrix (TOM), for which the corresponding dissimilarity (1-TOM) was deter-
mined. The modules of highly co-expressed proteins were constructed using 
a hierarchical clustering tree. The modules were merged based on the dis-
similarity of their eigengenes, the first principal component of each module, 
and named by color. Module-trait associations were determined using a lin-
ear model fitted to analyze the association between the abundance profiles 
of the module eigengene (ME) and the phenotypic values of IMF and fatty 
acid profile. The list of proteins into the significant modules (p-value ≤ 0.05) 
that were associated with the phenotype was assigned for functional enrich-
ment analysis. The enrichment of KEGG Pathways and Biological Processes 
was performed by STRING software v.11 (FDR ≤ 0.05).
Results
By applying the WGCNA framework, a total of 11 modules were identified 
(Figure 1). The purple module was associated with IMF and the sum of ome-
ga-3 (p ≤ 0.05). Besides, the green-yellow module was associated with the 
sum of omega-3 (p ≤ 0.05). The magenta module was positively associat-
ed with palmitic and saturated fatty acid (SFA), and negatively to oleic and 
MUFA (p ≤ 0.05). 
The proteins in the purple module were enriched for viral myocardi-
tis (bta05416), tight junction (bta04530) and oxytocin signaling pathways 
(bta04921). Proteins in the green-yellow module were associated with stri-
ated muscle contraction (GO:0006941) and regulation of muscle contraction 
(GO:0006937) biological processes. The IMF development can disorganize 
the muscle structure, resulting in the epithelial remodeling of the extracel-
lular matrix and cytoskeleton rearrangements [10], supporting our findings.
Proteins in the magenta module were mainly enriched for NOD-like receptor 
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signaling pathway (bta04621), cholesterol metabolism (bta04979) and calci-
um signaling pathway (bta04020). NOD-like receptor and calcium signaling 
pathways have been previously pointed as involved with lipid metabolism 
[11, 12].
Conclusion
These results demonstrated that the tight junction pathways and muscle 
contraction biological process are involved with IMF deposition and ome-
ga-3 content. The NOD-like receptor and calcium signaling pathways were 
found linked to levels of SFA, MUFA, palmitic and oleic acids. This study 
provides molecular mechanisms that could influence intramuscular fat depo-
sition and composition.
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Hierarhical clustering and module-trait association analysis 
Figure 1. Hierarhical clustering of phenotypic correlation between 
traits (top) and module-trait association analysis (botton). Modules 
are labeled by color on the y-axis. Each column represents a trait 
as indicated on the corresponding dendogram branch. For significantly 
associated modules (p ≤ 0.05), the coefficient from the linear model 
is given within the cell.
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Kidney fat as predictor of beef carcass characteristics (#105)

Gonzalo Delgado-Pando, Ciara K. McDonnell
Teagasc, Food Research Centre Ashtown, Dublin, Ireland

Introduction
Kidney fat (KF) percentage along with pelvic and heart fat, external fat, rib-
eye area and carcass weight are used to determine the yield grade of a beef 
carcass in the USA (AMSA 2001). In Europe, the grading system entails the 
estimation by means of conformation (from superior to poor) and quantity 
of fat cover (from low to very high) through the EUROP score (Regulations 
(EEC) No. 1208/81 and No. 2930/81). The aim of this study was to compare 
the ability of KF with fat class as estimators of different beef carcass charac-
teristics: trimmed body fat, total meat and saleable meat yield (SMY).
Methods
A sample of 353 beef carcasses (175 Heifers, 79 Steers and 99 Young Bulls) 
were selected from a commercial abattoir, over a ten week period, to ensure 
good variability in terms of breed, EUROP conformation and fat class across 
the different categories.  Kidney fat (KF) weight was recorded during car-
cass dressing, which was performed according to Commission Regulation 
(EC) 1249/2008. After chilling (48h, 1°C), the right side of each carcass was 
quartered and the subsequent bone-out to the same burchery specifications 
occurred at 72h. Weights of the different primal cuts, lean trims, membrane, 
bone, and trimmed body fat were recorded during the process. Total meat 
was computed as the sum of the weight of the different primal cuts (trimmed 
to a pre-defined commercial specification)  plus meat trimmings, while sale-
able meat yield (SMY) as the percentage of total meat with respect to the 
carcass weight. Statistical analyses were made using R studio (R Core Team 
2018) and the caret package (Kuhn 2008). Predictions were made by means 
of a k-fold cross validation.
Results
Correlations
Positive and significant correlations were found for KF weight and trimmed 
body fat for all animals and categories (Figure 1). A moderate correlation 
was obtained when grouped together (r=0.58), but even though significant 
(p<0.01), the correlations were weak (r <0.5) when separated in the different 
categories. Young bulls had the highest correlation (r=0.47).  If using KF in 
percentage (of total carcass weight) correlations dropped for all categories 
and became non-significant for steers and heifers. Nonetheless, when cor-
relating to total meat, KF percentage values showed higher and significant 
correlations (Figure 2), whereas if using KF weight, the correlations were 
lower and non-significant for steers and young bulls. Correlations of fat sub-
class and trimmed body fat weight were significantly higher for all the cate-

gories (r=0.60-0.81) when compared to the KF counterparts.
Predictions
All animal categories were pooled together for predictions. With regards to 
predictors of trimmed body fat weight (kg), fat sub-class was a better pre-
dictor (R2=0.67, RMSE=3.16) than KF weight (R2=0.35, RMSE=4.44) and KF 
percentage (R2=0.26, RMSE=4.76). Conformation sub-class combined with 
fat sub-class was a better predictor of SMY (R2=0.38, RMSE=2.87) than 
conformation sub-class with KF percentage (R2=0.23, RMSE=3.21) and 
conformation sub-class with KF weight (R2=0.20, RMSE=3.27). Compared 
with fat sub-class, KF percentage was a better predictor of total meat weight 
when in combination with conformation sub-class (R2=0.39, RMSE=19.30). 
Whereas, if KF weight was used instead, the explained variance decreased 
to R2=0.23 (RMSE=22.16). Nonetheless, a combination of conformation sub-
class and carcass weight resulted in the best overall prediction (R2=0.93, 
RMSE=6.31).
Conclusion
KF proved to be correlated to some extent with the trimmed fat from the 
animal. However, the correlations were much lower than the ones presented 
by fat sub-class. This difference was also seen in the predictions. Only KF 
percentage was a better total meat predictor than fat sub-class when in 
combination with conformation, but weight was the most important predictor 
for this trait. After considering these results, EUROP conformation, fat class 
and weight out-performed the prediction power of KF for body fat, total meat 
weight and SMY.
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Figure 2. Correlations of Kidney Fat (KF) (%) vs Total Meat (kg) 
* statistically significant (P<0.05), ** statistically significant 
(P<0.01)
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Figure 1. Correlations of Kidney Fat (KF) (kg) vs Trimmed Body Fat 
(kg) 
* statistically significant (P<0.01)
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Nutritional and bioactive properties of black goat meat (#112)

Hye-Jin Kim, Dongwook Kim, Hee-Jin Kim, Aera Jang
Kangwon National University, Department of Animal Life Science, Chuncheon, South Korea

Introduction
Goat meats have been consumed since the beginning of human civilization. 
Goat can be grown even poor weather and also be raised by using agricul-
tural byproducts and native grass as a feed. Goat meat tends to be colour of 
darker red and possesses a rough texture, with a perceptibly distinct flavour 
and aroma from lamb and mutton. Studies on black goat meat in Korea have 
largely focused on quality and physicochemical properties of its loin cuts, 
and methods to extract black goat meat for medicinal use. However, there 
are limitations in research for evaluating nutritional values in different cuts of 
black goat meat and bioactive properties of them.
Methods
The black goat loin and rump meat (14-month-old male black goats, n=3) 
used in this study were obtained from the local meat market after 24 h post 
mortem. To evaluate the nutritional value of loin and rump meat in black 
goat meat, proximate composition, collagen, mineral contents, and fatty acid 
composition were analyzed. Proximate composition was evaluated using Of-
ficial Methods of Analysis stipulated by the Association of Official Agricultur-
al Chemists (AOAC). The contents of bioactive compounds in loin and rump 
meat were measured such as L-carnitine, creatine, creatinine, and dipeptide 
(carnosine and anserine). Ferric reducing antioxidant power (FRAP) activ-
ity, 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) radical 
scavenging activity, and oxygen radical absorption capacity (ORAC) activity 
were performed to evaluate the antioxidant activity of loin and rump meat. 
Statistical analysis was performed using SAS program version 9.4 (SAS In-
stitute Inc., Cary, NC, USA) with Tukey’s test at p < 0.05.
Results
The proximate composition, collagen, and mineral contents of loin and rump 
meat in black goat were shown in Table 1. Loin and rump meat of black goat 
showed 75.00-75.49% moisture, 21.30-21.60% crude protein, 1.40-1.48% crude 
fat, and 1.25-1.41% ash with no significant differences. The collagen content 
of rump meat was higher than that of the loin meat (p < 0.05). It may be due 
to the higher exercise status of rump muscle compared to that of loin muscle 
of black goat. In this study, the Fe content in rump meat (1.48 mg/100 g) was 
significantly (p<0.05) higher than that in loin meat (1.35 mg/100 g). The ideal 
Ca:P ratio, based on the recommended daily allowance of nutrients, is 1-2:1. 
In this study, the Ca:P ratios in both loin and rump meat satisfied the rec-
ommended level of 1-2:1. The K content of loin meat (325.22 mg/100 g) was 
higher than that of rump meat (281.40 mg/100 g, p < 0.05).

The predominant fatty acids in black goat meat were palmitic acid, stearic 
acid, oleic acid, linoleic acid, and arachidonic acid (Table 2). Desirable fatty 
acids (DFAs) is sum up the content of stearic acid and all UFAs, and it is con-
sidered as another factor to evaluate the nutritional quality of fat for human 
having ability to reduce plasma cholesterol levels. Loin meat in black goat 
showed higher DFA than that of rump meat at 77.27 and 74.81%, respectively 
(p < 0.05).
Bioactive compounds and antioxidant activities of loin and rump meat in 
black goat were shown in Table 3. In this study, the loin and rump meats con-
tained L-carnitine at 1.25-1.37 ∝mol/g wet tissue. Loin meat contained 187.87 
mg/100 g of creatine, which was significantly higher the content of rump 
meat (178.26 mg/100 g). Also, carnosine and anserine contents of loin meat 
(62.25 and 81.93 mg/100 g, respectively) were higher than those of rump 
meat (49.54 and 66.32 mg/100 g, respectively, p < 0.05). Loin and rump meat 
of black goat contained high anserine ratio compared to carnosine which 
was a similar pattern with meat from rabbits or red deer (Plowman & Close, 
1988). In this study, the FRAP, ABTS and ORAC values of loin and rump meat 
were 15.92-15.92, 12.51-12.90, and 101.25-99.06 ∝mol TE/g dry matter (DM), 
respectively. In our previous study, FRAP, ABTS, and ORAC values of boiled 
pork meat were 3.66-5.31 ∝mol TE/g DM, 26.60-39.43 ∝mol TE/g DM, and 
143.74-198.35 ∝mol TE/g DM, respectively (Gil et al., 2016).
Conclusion
In this study, loin meat in black goat showed a higher composition of DFA, 
as well as higher contents of creatine, creatinine, carnosine and anserine, 
compared with those of rump meat. Rump meat of black goat had high-
er collagen and mineral contents, especially with respect to the Ca:P ratio, 
compared with those of loin meat. Loin and rump of black goat did not show 
any significant difference in reducing power activity. This was a novel study 
comparing the nutritional value and antioxidant activity between the loin and 
rump meat of black goat. Therefore, our results help to give scientific evi-
dence for the bioactive properties of black goat meat as a nutritional food 
source.
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Table 3. Bioactive properties of loin and rump meat of black goat. 
a-b Means within a row with different superscript differ significantly 
at p < 0.05.
1) L-carnitine content is expressed by μmol/g wet tissue.
2) Creatine, creatinine, carnosine, and anserine contents are ex-
pressed by mg/100 g wet tissue.
3) Antioxidant activities were expressed as μmol TE/g dry matter.



Notes

65th International 
Congress of Meat Science 
and Technology

641

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Table 1. Proximate composition, collagen, and mineral contents of loin 
and rump meat of black goat. 
a-b Means within a row with different superscript differ significantly 
at p<0.05.
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Table 2. Fatty acid composition of loin and rump meat of black goat. 
SFA, saturated fatty acids; UFA, unsaturated fatty acids;MUFA, mono-
unsaturated fatty acids; PUFA, polyunsaturated fatty acids; DFA, 
desirable fatty acid (stearic acid + unsaturated fatty acids) 
 
a-b Means within a row with different superscript differ significantly 
at p<0.05.
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Texture Evaluation Of Breast Meat From Broilers Affected By Deep Pectoral Myopathy (#137)

Aline Giampietro-Ganeco1, Hirasilva Borba2, Juliana L. Malagoli de Mello2, Rodrigo A. de Souza1, Fábio B. Takeda3, Fábio Borba2, Larissa T. Carvalho1, 
Heloisa D. A. Fidelis2, Marco A. Trindade1

1 Faculty of Animal Science and Food Engineering, University of São Paulo, Pirassununga, Brazil; 2 Faculty of Agrarian and Veterinary Sciences, São Paulo State University, Jaboticabal, Brazil; 3 Departa-
ment of computer science, Federal University of São Carlos, São Carlos, Brazil

Introduction
The Deep Pectoral Myopathy (DPM) is a problem in modern broiler but was 
found in broilers and turkeys commercial.  The supracoracoideus  muscle, 
or Deep Pectoral Muscle, is commercially known as little fillet. The lesions 
can affect the little fillet and show color variation, with a pinkish hemorrhag-
ic appearance to a greyish-green discoloration. Although the incidence of 
DPM increases in heavy chickens, can occur at any age or weight and de-
pends on the management and the breeding system used. There is a little 
knowledge of meat quality of broiler breast affected by DPM, thus this study 
aimed to evaluate the meat texture of Pectoralis major muscle from breast 
broiler affected by the Deep Pectoral Myopathy.
Methods
Broilers were slaughtered according to the routine of each slaughterhouse 
and incidence of Deep Pectoral Myopathy (DPM). Breast samples were col-
lected from broilers affected by DPM (from Ross AP95 lineage and slaugh-
tered with 42 days of age) and a control group without the myopathy. The 
macroscopic identification of the carcasses was realized according to the 
degree of severity that affect the supracoracoideus muscle and the classifi-
cation was according to the methodology used by Bilgili; Hess (2008): DPM 
score 2- muscles with coagulative necrosis, fibrous tissue texture and pink 
to plumb; DPM score 3- muscles with green necrotic area. After identifica-
tion, the Pectoralis major muscle was removed from the poultry carcasses 
and the meat texture analysis was carried out. The water-holding capacity 
(WHC)was determined as described by Hamm (1961). In summary, 2 g of 
deboned muscle were placed between filter papers and two acrylic plates 
and subjected to a pressure exerted by 10 kg weight, for five minutes.The 
cooking loss (CL) was determined from deboned and skinned breast sam-
ples as Honikel (1987). The samples were weighed, packed and cooked in a 
water-bath at 85 °C for 30 minutes. Subsamples from the CL analysis, were 
used to determine shear force (SF). SF was analyzed by the Meullenet-Ow-
ens Razor Shear method (MORS) described by Meullenet et al. (2004), with 
a cutting speed of 10 mm / sec, depth of the shear specimen 20 mm and 
trigger force of 0.1 N. The force required was expressed in newton (N). The 
sarcomere was according to Cross et al. (1981), that used approximately 0.5 
grams of each muscle sample, add reagents and then one drop of the ho-
mogenate mixture was transferred to a histological slide and analyzed by 

microscope. This study used a randomized design (Unaffected, DPM score 
2 and DPM score 3) with 50 repetitions each, results were submitted to 
analysis of variance using the GLM Procedure of SAS operating system and 
means were compared by Tukey test at 5% significance.
Results
There was difference (P<0.05) in water-holding capacity (WHC), shear force 
(MORS), and sarcomere of meat samples of the Pectoralis major muscle from 
Ross broilers affected by Deep Pectoral Myopathy (Table1).
The DPM score 3 presented higher values for water-holding capacity (WHC 
%) but didn’t differ (P <0.05) from DPM score 2. There was no difference 
(P>0.05) for cooking loss (CL), so, it doesn’t interfere in the greater loss 
of exudate in the musculature but higher values for DPM score 3 were ob-
served. Yalcin et. al. (2018), in a study of the occurrence of Deep Pectoral 
Myopathy in broilers and associated changes in breast meat quality founded 
higher values for CL (%) in meat unaffected by myopathy. The Shear Force 
(SF) presented higher values in the meat with DPM score 3, that is, less 
tender meat. There was also an increase in the values of sarcomere length in 
meat from broilers affected by Deep Pectoral Myopathy.
Conclusion
Deep pectoral myopathy that occurs in the supracoracoideus muscle influ-
ences the texture characteristics (WHC, FS and sarcomere) of the Pectoralis 
major muscle of broilers and this connection interferes with the poultry qual-
ity meat. But, it becomes important for the food processing industry in the 
production of meat products.
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Deep Pectoral Myopathy And It Is Influence On The Chemical Composition Of Broilers Breast Muscle (#138)
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Introduction
The Deep Pectoral Myopathy (DPM)  is also known as Green Muscle Dis-
ease or Oregon’s disease and is considered a major problem in the produc-
tion lines of the slaughterhouses. This myopathy isn’t a new disease but is 
becoming increasingly common in the flesh of broilers and turkeys selected 
for the production of meat with exacerbated breast. It can cause damage to 
the consumer market, especially of whole carcasses, since the lesions are 
identified after boning of the carcass and may interfere with the quality of the 
product. Deep Pectoral Myopathy is characterized by necrosis and atrophy 
of supracoracoideus muscle that exhibit color variation, with a pink hemor-
rhagic appearance to grayish-green discoloration. The aim of this study was 
to evaluate the chemical composition of Pectoralis major muscle of broilers 
affected by Deep Pectoral Myopathy.
Methods
Broilers were slaughtered according to the routine of each slaughterhouse 
and incidence of Deep Pectoral Myopathy (DPM), breast samples collected 
from broilers affected by DPM, the Ross AP95 lineage and slaughter at 42 
days of age and a control group also without the presence of myopathy. The 
macroscopic identification of the carcasses was performed according to the 
degree of severity that affects the supracoracoid muscle and the classifica-
tion according to the methodology used by Bilgili; Hess (2008), DPM score 2: 
muscles with coagulative necrosis, fibrous tissue texture and pink to plumb, 
DPM score 3: muscles with green necrotic area. After identification, the Pec-
toralis major muscle was removed, the samples were freeze-dried, milled and 
then evaluated the chemical composition was determined by quantifying 
protein, lipid, moisture and ash, as specified in AOAC (2005) methods 977.14, 
991.36, 950.46 and 920.153, respectively. This study used a randomized de-
sign (Unaffected, DPM score 2 and DPM score 3) with 50 repetitions each, 
and the results were submitted to analysis of variance using the GLM Pro-
cedure of SAS operating system and means were compared by Tukey test 
at 5% significance.
Results
There was a difference (P> 0.05) for protein and moisture percentages (Ta-
ble 1).
Table 1. Chemical composition of Pectoralis major muscle of broiler chick-
ens affected by Deep Pectoral Myopathy.

  Protein (%) Lipid (%) Moisture (%) Ash (%)

Unaffect-

ed

25.75±1.82A       2.22±0.35A           70.59±0.80B 1.75±0.41A

D P M  

score 2

22.65±1.95B             2.28±0.47A             71.59±0.37A 1.65±0.46A

D P M 

score 3

27.80±3.53A              2.32±0.56A             70.93±0.39B                          1.83±0.38A                                     

P-value 0.0005 0.8924 0.0016 0.6214

Means followed by distinct letters (in the columns) differ by Tukey test 
(P<0.05%).
Lower values for protein percentages in samples classified in DPM score 
2 were observed, this was also observed by Yalcin et. al. (2018) with values 
of 21.45%. These authors observed differences for all chemical composition 
and in this study only for protein and moisture percentages. The percent-
age of moisture was also higher in meat of DPM score 2 and differed (P> 
0.05) from meat unaffected and classified in DPM score 3.According to the 
US Department of Agriculture (USDA, 2016), the values for lipids should 
be around 2.23%, in the unaffected meats values (2.22±0.35) were close to 
those recommended. There was also no difference in the lipid porcetion of 
the unaffected meats and affected by DPM score 2 and score 3. The min-
erals present in the meat of the animals are associated with the water and 
protein fraction of the meat, whereby the leaner portions contain a greater 
amount of mineral salts than the fatter portions. It is observed that meat 
unaffected contains a higher percentage of fat than meat affected with my-
opathy, although there is no difference (P> 0.05).
Conclusion
The degree of severity Deep Pectoral Myopathy score 2 connection influ-
ences the percentages of protein and moisture of the Pectoralis major muscle 
of broilers affected by myopathy. The percentage of water from slaughtered 
animal’s relationship with the protein, in this work found lower values of pro-
tein and higher values of moisture in these DPM score 2 meats.
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Protective effects of carnosine on hydrogen peroxide–induced oxidative stress in myoblast cells derived from 
porcine skeletal muscle (#152)
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Introduction
Carnosine (β-alanyl-L-histidine) is a naturally-occurring molecule found ex-
clusively in meat, poultry and some fish. The biochemical properties of car-
nosine include among others pH-buffering, antioxidant and carbonyl scav-
enging effects [1]. Since these properties are important in controlling meat 
physico-chemical parameters, it can be hypothesized that muscle carnosine 
may improve pork quality. Ma et al. [2] recently reported that pigs supple-
mented with carnosine had reduced oxidative damage to lipids and proteins 
and improved antioxidant capacity in the Longissimus muscle. However, be-
cause muscle carnosine content was not reported in that study, a direct 
link between muscle carnosine and observed antioxidant properties was 
not established. Therefore, the current study was undertaken to determine 
the effect of carnosine in preventing oxidative damage in porcine myoblasts 
(muscle cells) and to characterize the mechanisms in play.
Methods
Satellite cells were isolated from the Longissimus muscle of newborn piglets 
(n = 34) using a percoll gradient method [3]. Cells were pooled and grown 
in growth medium (DMEM with 10% FBS, 10% horse serum, antibiotics/anti-
mycotics) for 48 h and then treated with carnosine (0, 10, 25 and 50 mM) for 
48 h. These cells were then either treated with H2O2 (0.3 mM, 1 h) to induce 
an oxidative stress or collected immediately to perform analyses described 
below. Cell proliferation was measured using the MTS tetrazolium (Promega) 
and BRDU (Roche Applied Science) assays. Reactive oxygen species (ROS) 
were measured with the OxiSelect™ Intracellular ROS assay (Cells Biolab) 
and protein carbonyls levels were quantified with the OxiSelect™ Protein 
Carbonyl ELISA Kit (Cells Biolab). Antioxidant activities of superoxide dis-
mutase (SOD) and glutathione peroxidase (GPX) and mRNA abundance of 
catalase (CAT), GPX1, GPX3, GPX4, glutathione-disulfide reductase (GSR), 
heme oxygenase 1 (HMOX1), nuclear factor, erythroid 2 like 2 (NEF2L2), NA-
D(P)H quinone dehydrogenase 1 (NQO1), peroxiredoxin (PRDX1, PRDX3, 
PRDX4), SOD1, SOD2, SOD4 and thioredoxin reductase (TXNRD1, TXNRD2) 
were also determined. Characterization of activated intracellular pathways 
by H2O2 and carnosine was performed by measuring phosphorylated p38 
MAPK, p44/42 MAPK, SAPK-JNK, mTOR and its downstream targets 4E-
BP1 and P70 S6 (Western Blots). Data were analyzed by the MIXED proce-
dure of SAS version 9.4 (SAS Institute Inc., Cary, USA).

Results
Treating myoblast cells with H2O2 alone reduced cell proliferation and this ef-
fect was reversed when myoblasts were pre-treated for 48 h with carnosine 
(MTS and BRDU assays, P<0.001). Addition of carnosine (10, 25 and 50 
mM) to myoblasts decreased damage to proteins (carbonyls; P<0.004) and 
reduced total intracellular ROS (P<0.001) when compared with untreated 
cells. There was a marked increase of ROS (P<0.001) and protein carbonyls 
(P<0.001) with H2O2 alone and this increase was prevented by a pre-treat-
ment of myoblasts with carnosine (ROS and carbonyls, P<0.001). Addition 
of carnosine (no H2O2) to myoblasts increased the mRNA abundance of 
SOD2 (P<0.001), PRDX3 (P<0.05) and PRDX4 (P<0.01), but decreased SOD3 
(P<0.001) and GPX3 (P<0.001) mRNA abundance. Lower mRNA abundanc-
es were observed for the CAT, GPX1, GPX3, NEF2L2, PRDX3 (P<0.001) 
and PRDX 4 (P<0.05) genes when myoblasts were exposed to H2O2 alone 
and pre-treating cells with carnosine prevented this H2O2–associated de-
cline (P<0.01). A similar decline was observed for SOD (P<0.001) and GPX 
(P<0.001) activities when cells were treated with H2O2 alone and this was 
also prevented by carnosine pre-treatment(P<0.01). The p38 MAPK phos-
phorylation increased with H2O2 alone (P<0.01), whereas this increase was 
abrogated when cells were pre-treated with carnosine (P<0.01).
Conclusion
These results suggest that carnosine prevents oxidative damage and mod-
ulates the intracellular antioxidant system in porcine muscle cells. West-
ern blot analyses further suggest that the protective effect of carnosine on 
H2O2-induced oxidative stress is mediated through the p38 MAPK intracel-
lular pathway.
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Carnosine reduction of AGEs (CML) formation during digestion of meat (#157)
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Introduction
Red meat consumption, in spite of offering a high density of important nu-
trients, has been associated with increased risk of developing a range of 
chronic diseases. The advanced glycation end products (AGEs) formed in 
vivo [1-2] and potentially also those derived from the meat [1,3] have been 
reported to contribute to the development of these diseases [1,3]. Although 
further validation is warranted for the dietary AGEs contribution to consum-
er’s health [4], it was recently suggested that AGEs could be formed directly 
in the gastro intestinal tract (GIT) [5], but supporting data are warranted. 
Carnosine (∝-alanyl-L-histidine), a meat dipeptide possessing multiple prop-
erties, including antiglycation, is recognized for its capacity to inhibit AGEs 
formation in biological tissues [2,6]. However, compared to the experimental 
use of carnosine supplement, very few studies have involved carnosine in its 
meat matrix. The pro-oxidative environment of the GIT can contribute to the 
oxidation of meat components during digestion leading in turn to potential 
health implications [7]. Therefore, assessing the assumptive AGEs formation 
in the GIT and their potential in situ inhibition by carnosine from meat could 
shed a new light on the health attributes of meat.
Methods
Fresh ground pork longissimus muscle was prepared as per Table 1. In vitro 
digestion (salivary, gastric, and duodenal phases) was conducted on cooked 
meat based on Van Hecke et al. [8]. Digests from each phase were ana-
lyzed for N(epsilon)-(carboxymethyl)lysine (CML), a common AGEs maker 
[3], with the OxiSelectTM CML competitive ELISA kit (Cell Biolabs, Inc, San 
Diego, USA). Data were analyzed by the MIXED procedure of SAS version 
9.4 (SAS, 2002-2012; SAS Institute Inc., Cary, USA).Table 1. Preparation of 
meat samples
Low Carnosine (LCar=309.8mg/100g longissi-

mus muscle)*

High Carnosine (HCar=600.0mg/100g longissi-

mus muscle)**

Low Fat (LF=1.3%)* High Fat (HF=10.0%)** Low Fat (LF=1.3%)* High Fat (HF=10.0%)**

* intrinsic levels of carnosine and fat in longissimus muscle,  
**targeted levels of carnosine and fat (increased).
Results
Table 2 shows a clear increase in CML during the digestion of meat irre-
spective of treatments suggesting an overall increase in AGEs formation. 
Statistical effects of either increased fat content or carnosine level were ob-
tained in each of the salivary and duodenal phase in line with their respective 

enhancing or reducing effect on CML. However, it is the interaction between 
carnosine and fat content in the saliva (P < 0.0001) and duodenal phase 
(P=0.0112) that shows the inhibition of AGEs formation by meat carnosine 
in the GIT. Although high fat content enhanced CML formation, increasing 
carnosine level in the meat from HF groups was clearly effective in decreas-
ing the CML level compared to that of the LCar-HF group. In the gastric 
phase, the trend for decreased CML in the HCar-LF group only (P = 0.0505), 
compared to the other treatments, also supports the carnosine reduction of 
AGEs (CML) formation in the GIT.Table 2. CML levels
Phase LCar HCar P Values

LF HF LF HF Car Fat Car*Fat

Salivary 18.06 46.98 15.75 13.89 <.0001 <.0001 <.0001

Gastric 113.18 111.60 69.45 114.64 .0857 .0668 .0505

Duodenal 733.90 1281.37 669.16 889.31 .0009 <.0001 .0112

Unit: ng/g meat; Car: carnosine. 
Conclusion
This study shows that AGEs formation as CML occurred during the diges-
tion of meat relative to its fat content. However, the significant reduction of 
CML by carnosine, particularly in the duodenum where CML formation was 
the most prevalent and potentially available for absorption, bring forward a 
potentially important role of carnosine for reducing AGEs formation in the 
GIT.
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Difference in meat quality depending on process time during slaughtering and chilling (#167)

Marchen Hviid, Lars Kristensen
Danish Meat Research Institute, Meat technology, Taastrup, Denmark

Introduction
Tenderness and water holding capacity (WHC) are generally considered the 
two major meat quality traits, and – besides animal handling and genotypes 
– the chilling process is very important for the level of these two quality 
parameters.
The aim of this study was to investigate the variation in meat quality and 
process time at different European abattoirs.
Methods
Six different European abattoirs were investigated, all using group-based 
CO2 stunning. Abattoir 5 used vertical condensation scalding and the others 
used scalding tanks. Abattoir 6 used spray chilling followed by a mild chilling 
tunnel process, the others used chilling tunnels with different air tempera-
tures to ensure an equalization temperature of 7°C. The difference in process 
time during slaughter and chilling was recorded for 8 carcasses from stick-
ing to entering and leaving the chilling tunnel. The temperature profile was 
measured in 4 carcasses with Testo 175T2 equipment including temperature 
loggers placed in the core of the loin. From carcasses going through the nor-
mal slaughter procedure without any stops due to extra veterinary inspec-
tion, 20-24 right loins were selected randomly for meat quality assessment. 
The samples were collected from the carcasses 22-24 hours after sticking. 
Samples from abattoir 2 and 3 included entire male pigs and castrates, while 
the others were a mix of female pigs and castrates.
EZ-DripLoss (EZ-drip) was determined as described by Rasmussen & An-
dersson, 1996, and tenderness was measured as Warner Bratzler shear-
force (WBSF) at round cores with a V-shaped blade at a texture analyzer 
(Kragten & Gil, 2015). After aging for 72 hours, the sample was frozen until 
investigation. Only peak force (F1, Newton) is used in the following statisti-
cal analyses. Besides EZ-drip and WBSF, hot carcass weight and sex were 
recorded. The fixed effect of abattoir(1-6) , sex(1-3) and the interaction were 
analysed with R.
Results
The process time (average of the recorded carcasses) and chilling process 
for the investigated abattoirs differ, Table 1.
Table 1. Process time (minutes) for the most important production steps in 6 
European abattoirs.

Abat-

toir 

Scalding time 

(min.)

Sticking to chilling 

(min.)

Min. in chilling 

tunnel 

Min. to 7°C in the core in 

the loin

1 6.5 47 81 279

2 7.0 36 65 207

3 6.5 35 72 233

4 5.2 33 100 252

5 10.3 38 100 207

6 7.0 26 130 421

Due to different line speeds, the time from sticking to the start of chilling 
varies between the abattoirs. Time to 7°C will depend on both time and tem-
perature in the tunnel. Abattoir 6 with the mild chilling took the longest time.
Table 2. WBSF (Peak Force, N) and EZ-drip (%) in loins – average values.
Abattoir  WBSF (N)*  EZ-DRIP (%)*

1 40.5a 2.4ab

2 50.0ab 2.8a

3 45.3a 3.0a

4 52.6b 2.2ab

5 46.8ab 2.0ab

6 67.5c 1.8b

* Columns with different letters mean P<=0.05
The statistical analysis showed that WBSF depended on abattoir and sex, 
where entire males had a significantly higher WBSF compared with cas-
trates and female pigs. The variation in EZ-drip depended on abattoir, sex 
and the interaction between them. Entire males had a higher EZ-drip com-
pared to female pigs and castrates. There was no influence of hot carcass 
weight on WBSF or EZ-drip.
The time from sticking to chilling is the most important single attribute to the 
difference in WBSF between the abattoirs, and Figure 1 shows the relation 
with WBSF (R2=0.65).
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Conclusion
Animal handling at the day of slaughter and the chilling rate are well known 
to influence tenderness and WHC due to the pH/temperature history of the 
muscle. The use of chilling tunnels in pig abattoirs delays the pH decrease 
and leads to a lower chill loss and drip loss as well, but accelerated chilling 
can also result in cold shortening (less tender meat), Rosenvold & Andersen, 
2003.
In this investigation, a very fast slaughter process influenced the WBSF of 
the loin. The abattoir with the shortest time (26 min.) had nearly 40% tougher 
meat than the abattoir with the longest time (47 min.), and the “time from 
sticking to chilling start” gives a better correlation to WBSF than “time to 7°C 
in the core”. Former studies have focussed on the chilling process as such 
and not the time for the onset of the chilling. Rosenvold et al. (2010) showed 
that the stepwise chilling can lower WBSF by 25%.

The variation in EZ-drip could not be explained by differences in process 
parameters at the different abattoirs in this investigation. Time to onset of the 
chilling will be an important parameter in the future work with meat quality 
and processes.
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Figure 1.  
Minutes from sticking to chilling and WBSF. LS Means with confidence 
interval for the 6 different times/abattoirs, adjusted for sex.
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Factors Affecting DMHF Generation By The Maillard Reaction In Cooked Meats (#178)
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Introduction
The Maillard reaction, a critical chemical reaction that occurs during cook-
ing, generates numerous chemicals which affect sensory properties of 
meats. 2,5-Dimethyl-4-hydroxy-3(2H)-furanone (DMHF) is one of the major 
odor compounds generated by the Maillard reaction and affects the pal-
atability of cooked meats [ Arihara et al., Advances in Food and Nutrition 
Research, 2017 ]. Previously, we reported that the exposure of DMHF to rats 
changes the autonomic nerve activities [ Zhou et al., J. Sci. Food Agric., 2017 
] and causes physiological activities (decrease of blood pressure [ Ohata et 
al., IMARS Highlights, 2018], promotion of appetite [Yokoyama et al., 64th 
International Congress of Meat Science and Technology, 2018]. Therefore, 
the generation of DMHF during the cooking of meats is related to improve-
ment of palatability and physiological functions. Although some studies have 
been reported that DMHF is detected in cooked beef odors [Watanabe et 
al., Meat Science, 2015 ], there have been few studies of other species and 
aged meats. It is also unclear that the factors affecting DMHF generation in 
meats. In this study, we investigated the factors that affect DMHF generation 
during cooking of meats.
Methods
To detect DMHF in cooked meats odors, the round cut of meats (Wagyu, im-
ported beef, pork, chicken, lamb, horse) were heated at 230∝ for 5 minutes. 
The weights were changed to elucidate the potent odors of the characteris-
tic odor in cooked meats (5, 2.5, 1.25, 0.625, 0.3125g.) The odor compounds 
generated during heating were obtained by solid-phase micro extraction 
(SPME) method, and were then subjected to GC-MS and GC-sniffing analy-
sis. Furthermore, round meats (Aberdeen Angus, Australia) were aged for 0, 
1, 3, 5, 7, 9 weeks at 4∝ to evaluate temporal changes quantitatively. After the 
aging process, meats were heated and then quantified of DMHF in cooked 
meats. All meats were used for further measurements of both tyrosine (indi-
cator of free amino acids) and glucose (reducing sugar).
Results
DMHF was detected in all cooked meats odors. GC-sniffing analysis showed 
DMHF is one of the potent odor compounds in cooked Wagyu and horse 
flavor. Although it has been reported that DMHF is an important odor com-
pound in cooked Wagyu [Inagaki et al., J. Agric. Food Chem., 2018 ], it is the 
first report in cooked horse. The concentration of DMHF in cooked meats 
varied according to the animal species and it was the lowest in chicken (Ta-
ble 1). Futhermore, concentration of tyrosine and glucose in meats suggests 

that the generation of DMHF was affected by free amino acids and glucose 
content.
After the aging process, the concentration of DMHF in aged beef increased 
significantly from 1 to 3 weeks (Figure 1). However, it was lower than that of 
0 week and 5 to 9 weeks. The content of tyrosine tended to increase with 
the aging period (Figure 2). Although the content of glucose in meats also 
increased, it decreased from 5 to 9 weeks. Interestingly, change of glucose 
content in aging beef was similar to the change of DMHF concentration. 
Moreover, there was a stronger correlation between DMHF concentration 
and glucose content in aging beef (R2= 0.76). These results suggest that 
the content of glucose in meats affects DMHF generation during cooking 
critically.
Conclusion
DMHF generated by the Maillard reaction during the cooking of meats con-
tributes to flavor development of Wagyu and horse meats. Also, its gener-
ation is affected by the glucose content in meats. From these results, the 
generation of DMHF in cooked meats would be regulated by the glucose 
content.
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Figure 1.  
Change of DMHF concentration in aged beef 
 
 
 
 
 

 
Table 1. Measurement of DMHF and odor precursors in meats 
Mean ±S.E. (n=3) a, b Different letter indicates significant differ-
ence　(P<0.01)
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Figure 2.  
Changes of tyrosine and glucose content in aged beef 
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Tenderness Of Top Blade Beef Affected By Sous-Vide Cooking (#196)

Pei H. Lai, Yun C. Wu
Tunghai University, Department of Animal Science and Biotechnology, Taichung, Taiwan

Introduction
The sous-vide cooking technique can be considered as a variant of cook 
and chill catering technology receiving great attention both from chefs and 
researchers in the last 10 years. The purpose of the method is to prevent the 
oxidation by reducing the contact of free oxygen in the air with foods and to 
protect the quality of the food. Beef top blade muscle, also known as Infra-
spinatus muscle is cross-cut from the top blade subprime. It is a tenderer and 
cheaper part in the beef. However, top blade cuts have a problem that it has 
a seam of connective tissue running through the center and every section of 
steak has a piece of this tough strip in the middle. Collagen is composed of 
triple helical structure that formed at low temperature, but dissociates above 
the melting point. Thermal denaturation of collagen at high temperature re-
sults in the formation of gelatin. Collagen gelation will transform tough tex-
ture into tender texture. However, tenderness is the most important quality 
trait determinant of consumer acceptability of meat. The objective of this 
research was to study effect of different time and temperature of sous-vide 
cooking on changes in tenderness of beef top blade muscle.
Methods
Beef preparation: Top blade beef cuts were purchased from Costco, 
Taichung, Taiwan. Samples were sliced into thickness of 5 cm,   sealed in 
plastic bag, and stored at 4 ◦C until sous-vide cooking.
Sous-vide process: Samples were vacuum packed into Ny15

、
PE 20 and 

LL70 bag with size of 18×34 cm bag and then sous-vide cooked using water 
bath (B602D, Firstek, Taiwan) at temperatures of 50 ◦C and 56 ◦C for 0, 4, 8, 
16 and 32h. After that samples were cooled at icy-water bath (4 ◦C) for 30 min 
prior to chemico-physical characteristics properties determination.
Tenderness: Samples were cut into blocks approximately 2.0 cm × 1.0 cm 
× 1.0 cm, perpendicular to the longitudinal orientation of the muscle fibers. 
Warner-Bratzler shear force (WBSF) and Texture Profile Analysis (TPA) test 
by texture analyzer (TA-XT plus, England) were performed.
Results
Shear force values of cooked samples were affected by cooking tempera-
tures and cooking times. In 56 ◦C,cooked samples had significantly (P< 0.05) 
lower shear force values as cooking time increased; however, in 50 ◦C, no 
significant differences in shear force  were found among cooking times. 
Longer cooking time tends to decreasing hardness of cooked samples. In 
32h cooking time,  significantly (P< 0.05)  lower shear force and hardness 
values were found in 56 ◦C cooking temperature  treatment. Stronger beef 

aroma was detected as cooking time increased. No significant differences 
in overall acceptability were founded in samples cooked to 56 ◦C; howev-
er, in 50  ◦C treatment, overall acceptability increased as cooking times in-
creased. Changes in meat tenderness during cooking are associated with 
heat-induced alteration of myofibrillar proteins and connective tissue. Re-
sults were supported by the previous research that heat (in conjunction with 
the moist in-pack environment) solubilizes the connective tissue leading to 
meat tenderization, while denaturation of myofibrillar proteins leads to meat 
toughening. In the 40–50 ◦C temperature range toughness as measured by 
the shear value increased. This was attributed to denaturation of the myo-
fibrillar proteins, primarily of the actomyosin complex.
Conclusion
Tenderness of beef was affected both by time and temperature in sous-vi-
de process. Samples cooked at higher cooking temperture had lower shear 
force and hardness value. At the same cooking temperature, samples with 
longer cooking time had lower shear force and hardness. Samples cooked to 
32h, demonstrated higher beef aroma and overall acceptability. In this study, 
sous-vide cooking at 56 ◦C, 32h could be a good recommendation for  top 
blade beef muscle. Toughness problem of top blade beef was improved sig-
nificantly. Future study on sensory evaluation to determine the acceptance 
of consumers was suggested.
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Figure. 2. Hardness 
Percentage of hardness of top blade beef after sous-vide cooking at 
50 ◦C or 56 ◦C for 0-32 h. 
 

 
Figure. 1. Shear force 
Percentage of shear force of top blade beef after sous-vide cooking 
at 50 ◦C or 56 ◦C for 0-32 h.
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Metabolomic changes and the relevant pathways in longissimusmuscle of Japanese Black cattle during postmor-
tem aging (#231)

Susumu Muroya1, Mika Oe1, Koichi Ojima1, Akira Watanabe2

1 NARO Institute of Livestock and Grassland Science, Animal Products Research Division, Tsukuba, Japan; 2 NARO Tohoku Agricultural Research Center, Morioka, Japan

Introduction
Skeletal muscle metabolites contribute to meat quality as flavor components. 
Some of those compounds can be developed to ‘meaty’ or ‘roasted’ aroma 
by Maillard reaction in the cooking process of meat. Water-soluble free ami-
no acids, peptides, nucleotide-related products, fatty acids, and sugars are 
a major part of those compounds in beef. Despite the importance of these 
compounds in meat, metabolomic changes by which these compounds are 
generated in beef have been poorly explored. A comprehensive understand-
ing of changes in postmortem muscle metabolites could provide novel in-
formation on exploration of key compounds associated with meat quality 
improvement and monitoring.
Japanese Black (JB) cattle are well known for their genetically superior in-
tramuscular fat depot, which makes beef tender, and gives JB beef the high 
marbling score and preferable flavor. However, contribution of water-soluble 
compounds to JB beef remains poorly understood. In the present study, we 
focused on generation of the water-soluble compounds that are potentially 
associated with flavor and food-functionality in JB beef. To explore these 
compounds and clarify mechanism of the compound generation during 
postmortem aging, we analyzed metabolomic changes in lean portion of JB 
beef using capillary electrophoresis time-of-flight mass spectrometry (CE-
TOFMS). The resultant CE-TOFMS data were followed by bioinformatic 
analyses to interpret relevant molecular pathways in postmortem JB muscle 
aging.
Methods
Lean portions of Longissimus thoracis (LT) muscle in 3 JB steers aged 28 
months were collected at 0, 1, and 14 days after slaughter. Avoiding contam-
ination of intramuscular fat, several small pieces of lean-muscle were picked 
up in the core part of each LT muscle at 30 min after slaughter, thereafter at 
1 d and 14 d during the storage at 2°C. The muscle pH was measured, and 
normal range of pH decline of the beef was confirmed. CE-TOFMS was car-
ried out using an Agilent CE Capillary Electrophoresis System (Agilent Tech-
nologies) in Human Metabolome Technologies (https://humanmetabolome.
com/). After the raw data were processed, the compounds were annotated 
in the Human Metabolome Database (ver. 4.0, http://www.hmdb.ca/) and 
the Kyoto Encyclopedia of Genes and Genomes database (KEGG; http://
www.genome.jp/kegg/). Data were also applied to statistical and pathway 
enrichment analyses using MetaboAnalyst (https://www.metaboanalyst.ca/

MetaboAnalyst/faces/home.xhtml) under the autoscaling normalization. Us-
ing the annotated compounds, multivariate analyses were conducted after 
one-factorial ANOVA with postmortem time as the main effect. The extract-
ed compounds showing significant differences were used for hierarchical 
clustering analysis (HCA) and principal component analysis (PCA).
Results
Among the detected compounds, a total of 171 compounds (117 cations and 54 
anions) were annotated across all the beef samples. Of the 70 compounds, 
the contents of 31 increased over time, while the contents of 14 decreased (P 
< 0.05); the rest showed no difference between 0 and 14 d. The lactic acid 
content increased significantly within the first 24 hrs (P = 0.02), indicating 
the progress of glycolysis in the LT muscle in the early postmortem period. 
ATP degradation, temporary inosine 5’-monophosphate (IMP) accumulation 
at 1 d, and the subsequent accumulation of hypoxanthine and inosine at 14 d 
progressed in a coordinated manner during the aging.
Using 84 compounds screened by significance of changes, we obtained 
heatmap result of HCA, which indicated that the changing compounds in 
the metabolome profile was separated into several categories according to 
the pattern of changes over time (Fig. 1). The samples were grouped by the 
pattern of postmortem changes in water-soluble compounds detected in the 
lean portion of JB beef. Similar result was observed in PCA, which resulted 
in the plot segregation patterns grouped into 0, 1, and 14 d beef samples and 
a clear association of PC1 with postmortem aging. The loading scores of 
cysteine-glutathione disulfide (Cys-GTdS), thiamine, nicotinamide, gluconic 
acid, Cys, gluconic acid, and hypoxanthine were highly positive for PC1.
In the pathway analysis using the annotated compounds, 8 pathways were 
significantly extracted as the representative pathways in postmortem aging 
of the beef (Holm’s P < 0.05). These pathways included Purine metabolism, 
Pyrimidine metabolism, Arginine and proline metabolism, Glycerophospho-
lipid metabolism, Glutathione metabolism, Nicotinate and nicotinamide me-
tabolism. These metabolic pathways are expected to be prominent in the 
lean portion of JB beef during postmortem aging. We used only three steers 
in the present study, however, the overall tendency of metabolomic changes 
observed in this study would not contradict that observed in biochemical 
studies of meat aging using larger numbers of animals.
Conclusion
In the present study, we extracted the key compounds and the relevant 
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pathways in postmortem aging of JB beef, which were mainly associated 
with metabolisms of purine, pyrimidine, glycerophospholipid, glutathione, 

and nicotinamide. The results contribute to further understanding of the beef 
quality of JB and other breeds.

 
 

 
Fig. 1. Heatmap result of hierarchical clustering analysis. 
The row displays the metabolite and the column represents the sam-
ple. Metabolites with relatively low contents are displayed in blue, 
while metabolites with relatively high contents are displayed in 
red. The brightness of each color corresponds to the magnitude of 
the difference when compared with the average value.
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Inclusion Of Chestnut On The Finishing Diet Of Celta Pigs: Effect On Fatty Acid Profile (#230)

Noemí Echegaray1, Roberto Bermúdez1, Laura Purriños1, Daniel Franco1, Javier Carballo2, José Manuel Lorenzo1

1 Centro Tecnológico de la Carne de Galicia, Ourense, Spain; 2 Universidade de Vigo, Área de Tecnología de los Alimentos, Ourense, Spain

Introduction
Meat and meat products are staple foods of diets in developed countries 
and they are the main source of fatty acids in the diet. It is well known that 
nutritive value of pork depends on the content and composition of the fat, 
and both factors have strongly influence in human health (Estévez et al., 
2003). On the other hand, due to the high current prices of commercial con-
centrates in animal feed, nowadays the use of natural resources is essential. 
In this respect, the use of chestnuts in the maintenance and fattening of pigs 
takes a special interest owing to its underutilized. Additionally, chestnuts are 
a good source of unsaturated fatty acids (Pereira-Lorenzo et al., 2006) which 
could be deposited in animal tissues (Pluguiese et al., 2013; Domínguez et al., 
2015a). The use of chestnuts in the feeding of Celta pigs would reduce pro-
duction costs and bring a product with healthier fat. Therefore, the aim of the 
present research was to evaluated the inclusion of chestnut in the finishing 
diet of Celta pigs on the fatty acid composition of intramuscular fat.
Methods
For this study, 18 Celta pigs reared in an extensive system were used. All an-
imals were feed with compound feed, however, 3 months prior to slaughter, 
9 animals were feed only with a diet of chestnuts. The animals were slaugh-
tered by electrical stunning and exsanguination. After the refrigeration peri-
od (24 h at 4 °C), samples from loin (Longissimus dorsi muscle) from each car-
cass were obtained. Intramuscular lipids were extracted from 10 g of ground 
meat sample according to Bligh and Dyer (1959). The transesterification, 
identification and quantification of fatty acid methyl esters were performed 
using gas chromatography techniques according to the chromatographic 
conditions described by Domínguez et al. (2015b). Results were expressed 
as percentage of total fatty acid methyl esters (FAMEs). The effect of finish-
ing diet on fatty acids profile was examined using a one-way ANOVA with 

the IBM SPSS Statistics 23.0 software package (IBM, Chicago, IL, USA).
Results
The fatty acid composition of longissimus dorsi muscle is shown in Table 
1. Besides we did not show all FAMEs in Table 1, a total of 28 FAMEs were 
detected and quantified. Meat from animals feeding with chestnut and com-
mercial feed diets showed the prevalence of MUFA (54.21-52.17%), followed 
by SFA (34.23-33.96%) and PUFA (11.57-13.87%), respectively. These results 
are in agreement with the data found in pigs by other authors (Domínguez et 
al., 2014; De Jesús et al., 2016, 2017). Additionally, finishing diet did not signifi-
cantly affect (p>0.05) the total amounts of SFA, MUFA and PUFA, although 
the inclusion of chestnuts in the finishing diet seems to increase the MUFA, 
while the commercial feed seems to increase the PUFA content in the Lon-
gissimus dorsi muscle.
However, the inclusion of chestnut in the diet significantly affect (p>0.05) the 
individual content of C18:3n-3. This outcome agrees with the data previously 
described by Bermúdez et al. (2012) who found an increase of C18:3n-3 in an-
imals fed only with chestnut in comparison with animals fed with commercial 
feed. This fact could be due to the C18:3n3 contents in the porcine tissues 
are directly related to the content of this fatty acid in the diet, because it 
cannot be synthesised in the tissues, and the chestnut is a rich source of 
C18:3n3 (Enser et al., 2000).
Conclusion
To conclude, the inclusion of chestnut in the finishing diet of Celta pigs did 
not seem to affect total amounts of SFA, MUFA and PUFA, although it seems 
to increase slightly the percentage of MUFA. This fact could be due to the 
diet period was not large enough to observe any differences. In spite of that, 
due to the characteristics of this food, the chestnuts would be an alternative 
for the reduction of production cost.
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Prevalence of Pale, Soft and Exudative (PSE) and White Striping (WS) in Poultry Meat: Possible Influence of Lin-
eage. (#248)

Tania R. Kaiser1, Christiane A. U. De Queiroz1, 2, Margarida M. Yamaguchi1, FAbio G. Coro1, Mayka R. Pedrão1, FC and MRP are CNPq  research fellows.
1 Federal Technological University of Paraná, PPGTAL, Londrina, Brazil; 2 State University of Londrina, Postgraduate Program in Biotechnology, Londrina, Brazil

Introduction
In modern poultry farming new lineages were developed by the companies, 
after years of investment in genetic selection aiming weight gain in a shorter 
period of time, has made the birds show different characteristics of their an-
cestors. With advances in nutrition and breeding for fast growth, myopathies 
and muscle pathological changes have emerged resulting in loss of quality 
and sensory atributes of meat (Santiago, 2015). According to Petracci et al. 
(2015), the  pressure in “genetics” to improve fast growth rates in broilers 
breast meat production led to a high incidence of various abnormalities in 
these muscles in the last 20 years, even the poultry industry can attenu-
ate the negative effects of abnormalities in meat quality by modulating the 
growth rate of the birds through agricultural strategies and incorporating the 
meat with defects in processed products. Alterations to the morphological 
structure of the muscle ultimately affect meat quality, since meat quality is 
a reflection of the morphological structure and cell biology of the muscle. 
(Velleman, 2015) and these myopathies may be associated with genetics 
or nutrition. Based on this premise, the objective of this study was to deter-
mine the incidence of PSE and of White Striping (WS) myopathy in lineages, 
slaughtered in a standard industial facility in the south of Brazil.
Methods
The sampling for this study was N = 742, whereas in the first stage were 
used 360 samples from broilers of two commercial lines (A and B) slaugh-
tered at an average age of 45 days (± 2) and average weight of 3 kg, raised 
in similar conditions as well as diets. Chicken breast cuts were collected and 
evaluated for WS after cooling, at the end of the boning line and scored vi-
sually by the trained team in three ranking categories: normal (N), moderate 
(MOD) and severe (SEV), as described by Kuttappan et al. (2013). In the sec-
ond stage, 389 birds were collected and evaluated for PSE and normal and 
their respective percentage, using commercial strains (A, B and C) followed 
a model proposed by Kato et at., (2013).
Results
To verify the WS incidence, values of 16.7% for lineage B and 23.3% for lin-
eage A (Figure 1) were observed. These values suggest that the develop-
ment of WS may be associated with lineage, therefore something that goes 
beyond only nutritional issues. These results are in agreement with those 
found by Kuttappan et al. (2013) who mentions that all 3 lineages evaluated 
had a number of birds exhibiting some degree of WS, with some differences 

in percentage  of occurrence among the 3 degrees (normal, moderate and 
severe), showing there are no predilection of lineages for the incidence of 
WS. For PSE it was verified that the birds were in a prolonged period of 
fasting, on average 13 hours and 56 minutes and 14.7°C room temperature, 
due some issues in procces problem, considering the ideal time around 12 
hours of fasting. When comparing fasting time and its direct impact on bird 
welfare, which may result in PSE, we obtained results that are not described 
in the literature. Comparing the percentage of birds PSE taking into con-
sideration the strains of birds sampled, there is a greater susceptibility to 
the occurrence of PSE meat in lineage A. showing an average 39% of in-
cidence of PSE in carcasses avaluated, followed by lineage B with 23% of 
incidence and lineage C with 21% of incidence of PSE (Figure 2). In a study 
conducted by Schneider (2004) during the winter (12°C to 15°C) with a sam-
pling of 329 birds, obtained 24.92% for PSE, 73.55% for Normal. It  is well 
known by industry and breeders that the lineage A is more susceptible to 
the incidence of these problems since it is more active compared to other 
lineages which can progress to stress conditions during handling and con-
sequently to higher incidence rates of PSE.
Conclusion
It was concluded that the lineages could have a direct influence on the de-
velopment of myopathies, but elements such as diet, stress and other envi-
ronmental factors are associated, especially in the two myopathies analyzed 
in this context. It is suggested that a more detailed study has to be done 
aimming a mapping of the impact of the strains used, and its relationship 
with the development of muscular disorders in poultry meats.
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Figure 2  
Incidence of PSE meat in three differents lineages. 
 

 
Figure 1 
Incidence of WS meat in broilers in two different strains.
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Effect Of Carcass Weight On Intramuscular Fat Composition Of Red Deer (#250)

Ruben Dominguez, Cristina Pérez-Santaescolástica, Belen Gómez, Paula Borrajo, Laura Cutillas-Barreiro, Mirian Pateiro, Daniel Franco, Jose M. 
Lorenzo
Centro Tecnologico de la Carne de Galicia, San Cibrao das Viñas, Spain

Introduction
Nowadays, there is a growing consumer concern about meat consumption 
and intake of certain unhealthy fatty acids (Leroy and De Smet, 2019). The 
lipid content and their composition in meat are important components that 
exceeds the limits set in nutritional recommendations (Domínguez et al., 
2016). Thus, deer meat can be considered a good substitute for traditional 
meat because of its nutritional characteristics (Serrano et al., 2019a). Differ-
ent studies concluded that deer meat is characterized by low fat and cho-
lesterol contents, whit high amounts of polyunsaturated fatty acids and high 
levels of protein, essential amino acids and iron (Lorenzo et al., 2019; Maggi-
olino et al., 2019; Serrano et al., 2019b). Thus, de main objective of the present 
research was evaluated the influence of carcass weight on intramuscular 
lipid composition of deer loin.
Methods
The study was carried out with sixty deer (Cervus elaphus) hunted in Spain 
between August 2017 and March 2018. Animals were exsanguinated, evis-
cerated and decapitated in the countryside and were transported in refriger-
ated conditions to the processing industry. Carcasses were skinned, washed 
with cold water and maintained in a chamber at 0–2ºC for 4 days. Animals 
were subdivided in “low carcass weight” (LCW) (n=30) and “high carcass 
weight” (HCW) (n=30). From each carcass, the longissimus thoracis et lum-
borum muscle was dissected for analysis. The intramuscular fat content was 
extracted and quantified according to AOCS (2005) Official Procedure. For 
fatty acids composition, 50 mg of extracted fat according to Bligh and Dyer 
(1959) procedure were transesterified and quantified using gas chromatog-
raphy following the conditions proposed by Domínguez et al. (2015), while 
the cholesterol quantification was performed using liquid chromatography 
as described Domínguez et al. (2018). The effect carcass weight on IMF, cho-
lesterol and fatty acids profile was examined using a one-way ANOVA with 
the IBM SPSS Statistics 21.0 (IBM Corporation, Somers, NY, USA).
Results
The intramuscular fat (IMF), cholesterol and fatty acid contents of intramus-
cular fat of deer meat are shown in Table 1. The mean carcass weight of LCW 
animals was 25.2 kg, while in HCW group was 61.7 kg. As expected, IMF 
content increased (P<0.001) as increase carcass weight, from 0.14 g/100 g 
to 0.54 g/100 g for LCW and HCW groups, respectively. Similar results were 
obtained in other studies who concluded that slaughter age and, therefore, 

carcass weight resulted in an increase of IMF content (Volpelli et al., 2003). 
Additionally, the values found in the present study agree with those reported 
by Lorenzo et al. (2019) who observed IMF values between 0.05 and 0.35% 
in deer meat. The cholesterol content presented an inverse tendency to IMF 
content. Animals from LCW group showed higher (P<0.01) contents (50 
mg/100 g) than HCW (45.2 mg/100 g) deers. The increase in IMF is due to 
the increase in the fat globule that results in a proportional reduction of cell 
membranes, which is where cholesterol is mainly located. This would explain 
the lower cholesterol content in the animals with the highest IMF amount.
In similar way, the carcass weight also had high influence on fatty acid pro-
file. The major fatty acids (FA) in IMF from LWC were polyunsaturated fatty 
acids (PUFA), followed by saturated fatty acids (SFA) and finally monoun-
saturated fatty acids (MUFA). In contrast, in HCW deers SFA were the most 
abundant FA, followed by PUFA and MUFA. Take into account these results, 
it seems that with the increase of both, carcass weight and IMF, increased 
the content of SFA and MUFA and decreased PUFA amounts. Other studies 
observed a significant decrease of PUFA and increase of SFA and MUFA 
as increase IMF (Wood et al., 2008). The IMF of both groups had high levels 
of essential FA as C18:2n-6 and C18:3n-3, and also presented high amount 
of other PUFA with great biological importance as C20:4n-6 and long-chain 
n-3 (EPA, DPA and DHA). However, LCW deers showed the highest values 
of these FA, which are very important from nutritional point of view. Similar 
results were obtained by Lorenzo et al. (2019), who identified the same FA 
in deer meat and concluded that younger animals (with low IMF) presented 
the highest values of all these FA. Finally, lower values of n-6/n-3 ratio were 
obtained for LCW than for HCW animals. Besides this, the values found in 
both group of animals are similar to the recommendations for human diet 
(n-6/n-3 < 4; FAO, 2010).
Conclusion
With the results obtained we can affirm that deer meat had low fat content. 
Lipid composition of intramuscular fat presented low cholesterol and high 
amount of FA with high biological activity. Therefore, deer meat can be ideal 
for a healthy diet.
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Table 1 
SEM: Standard error of the mean; Sig: Significance; ns: not signifi-
cant; * P<0.05; ** P<0.01; *** P<0.001; SFA: Saturated fatty acids; 
MUFA: Monounsaturated fatty acids; PUFA: Polyunsaturated fatty ac-
ids. Long-chain n-3: (C20:5n-3 + C22:5n-3 + C22:6n-3).
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Biochemical Properties of Intramuscular Connective Tissue of Wuzhumuqin Sheep During Postnatal Development 
(#260)

Sha Lina, Xue Wenjun, Hou Xiaowei, Wu Rihan, He Xige, Borjigin Gerelt
Inner Mongolia Agricultural University, Food Science and Engineering, Huhhot, China

Introduction
Concerning meat quality and biological value, not only collagen content but 
also age-related cross-linkages must be considered. So-called background 
toughness attributable to the connective tissue present, mainly composed of 
collagen and various amount of elastin and proteoglycans, which surround 
each unit of muscle organization. In which the endomysium and the perimy-
sium are mainly related to meat quality (Annabelle Dubost et al, 2013) . In 
general, the older the animal gets the tougher its meat becomes. The one 
of reason for this decrease in the textural quality of the meat is the collagen 
in the muscle connective tissue becomes progressively tougher, more rig-
id, resistant and less easily denatured. In order to clarify the correlation of 
factors related to meat production and meat tenderness, it is necessary to 
analyze the way of skeletal muscle changes with animals’ growth. It is crucial 
to control these factors efficiently in meat production. Wuzhumuqin sheep, 
a type of Mongolian sheep was employed in the study. In general, Wuzhu-
muqin sheep are accustomed to voluntary movements and a high amount of 
free-feeding (also called natural grazing) for their entire lifespan. There have 
been few studies of the characteristic of intramuscular connective tissue 
during development of Wuzhumuqin sheep in natural grazing. The objective 
of the present study was to investigate the content of collagen, heat dena-
turation, content of pyridinoline and proteoglycan of collagen obtained from 
naturally grazing Wuzhumuqin sheep during postnatal development.
Methods
Materials: Wuzhumuqin sheep aged at 1, 6, 9, 12 and 18 months old were 
selected from the Original Breeding Farm of Wuzhumuqin Sheep in East 
Wuzhumuqin,  Inner Mongolia. Semitendinosus muscle was collected  and 
the samples were stored at -20°C. Before used, it was thawed under 4∝, and 
the fat was removed.
Isolation of intramuscular connective tissue: The intramus-
cular connective tissues are isolated by the methods of Fujii et al. (1982).  En-
domysium and perimysium are isolated by the methods described by Light 
et al. (1985).
Differential Scanning Calorimeter (DSC) analysis of in-
tramuscular connective tissue: Weigh 30 mg samples in sample 
cell, seal the sample cell and put on the specimen holder of differential scan-
ning calorimeter. Using alumina as reference compound, heating velocity as 
1℃, temperature range as 20～100 ℃.

Content of pyridinoline and Uronic acid of intramuscular 
connective tissue: The content of pyridinoline of intramuscular con-
nective tissue was used the methods described by Pan et al. (2002) .The 
content of uronic acid in proteoglycans is measured by the methods de-
scribed by Bitter and Muir (1962).
Results
Collagen content in intramuscular connective tissue
The content of collagen in total connective tissue, endomysium and perimy-
sium were shown respectively in Table 1. The amount of collagen in connec-
tive tissue, endomysium and perimysium were decreased during the growth 
of sheep, and the changes were significantly different (P<0.05). Moreover, 
Amount of collagen in perimysium was significantly lower than that of en-
domysium.
Temperature of thermal denaturation in intramuscular 
connective tissue
Temperature of thermal denaturation in total connective tissue, endomysium 
and perimysium were shown respectively in Table 2. Thermal denaturation 
temperature in total connective tissue and endomysium were increased 
gradually during the growth of sheep. However thermal denaturation tem-
perature in perimysium was decreased during growth of sheep, which may 
be caused by the increasing of depots intramuscular fat between muscle 
bundle, to destroyed the arrangement and stability structure of collagen, 
and/or decreasing the stability of their cross-linking. The denaturation tem-
perature in total connective tissue was higher than that of endomysium and 
perimysium. Especially for 18 months, denaturation temperature in connec-
tive tissue was 66.1 ∝, in endomysium and perimysium were 48.1∝ and 36.6∝, 
respectively.
Quantitative of pyridinoline and Uronic acid content in 
connective tissue
The amount of pyridinoline and uronic acid in connective tissue of different 
aged sheep were shown in Table 3. The contents of pyridinoline and uronic 
acid in connective tissue increased during growth of sheep. But the content 
of pyridinoline in connective tissue was increased quicker in the 12 months. 
The changes of pyridinoline and uronic acid in connective tissue from differ-
ent ages were significantly different (P<0.05).
Conclusion
The content of total connective tissue, endomysium and perimysium was 
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decreased significantly, and the collagen content in endomysium was higher 
than that of perimysium. Thermal denaturation temperature of total connec-
tive tissue and endomysium were increased, but the denaturation tempera-
ture of perimysium was decreased. Contents of Pyridinoline and uronic acid 

in intramuscular connective tissue were increased with the growth of sheep.
Acknowledgements: The present study was supported by the China 
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dation of China (No. 31360368 and No. 20766033) .

 
 

 
Table 2  
Thermal denaturation temperature in connective tissue, endomysium 
and perimysium Td（℃） 

 
Table 3   
Amount of pyridinoline in intramuscular connective tissue  (%) 
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Evaluation Of Antioxidant And Antimicrobial Activities Of Peptides Obtained From Porcine Liver Using Flavour-
zyme (#266)

Paula Borrajo, Belén Gómez, Paulo Eduardo S. Munekata, Daniel Franco, Mirian Pateiro, Roberto Bermúdez, Cristina Pérez-Santaescolástica, José 
M. Lorenzo
Centro Tecnológico de la Carne de Galicia, Ourense, Spain

Introduction
Porcine liver is a by-product generated by meat industry during slaughtering. 
It is an extraordinary source of vitamins, among we can highlight the ribofla-
vin, retinol, niacin, folacin, ascorbic acid and vitamins B6 and B12 (Das et al., 
2018). It contains great amounts minerals such as iron and manganese (Liu, 
2002). In addition, it is also characterized by its high cholesterol and PUFA 
content and by its low levels of MUFA (Jayathilakan et al., 2012). It is been 
employed to produce bioactive peptides with diverse functionalities such as 
antioxidant and antimicrobial (Lorenzo et al., 2018). Bioactivity and function-
ality of peptides depend mainly on the hydrolysis conditions: pH, time, type 
of protease and ratio of substrate/enzyme used (Verma et al., 2017). Due to 
its beneficial properties, the synthesis of hydrolysates rich in peptides is 
gaining more importance in wide range of applications such as pharmacy, 
cosmetics and food. The aim of this study was to assess the antioxidant and 
antimicrobial activities of peptides obtained from porcine liver using flavour-
zyme.
Methods
Raw porcine livers were diced and frozen. Then they were homogenized 
with ice (1:1 w/w) in a cutter. Hydrolysis were carried out using flavourzyme 
(1000L, Novozymes, Denmark) with enzyme substrate ratio 1:100 (E:S ratio 
w/w) under orbital shaker-incubator (125 rpm) at 50 ºC, keeping constant 
pH of 5.5 with HCl 1N for 4, 6, 8 and 10 hours. Enzyme was deactivated 
heating at 95 ºC for 3 minutes. Afterwards, mixtures were centrifugated 
at 4000 rpm for 5 min. Ultrafiltration was the purification method utilized 
regenerated cellulose membrane with a molecular weight cut-off of 10KDa 
MWCO (Millipore, Germany) was employed. Antimicrobial activity from liver 
hydrolysates obtained was tested using an agar well diffusion modified meth-
od (Ramirez et al., 2012) to examine the effect on the growth of Gram-neg-
ative bacteria (E. coli, Salmonella enteric, P. aeruginosa) and Gram-positive 
bacteria (Brochothrix thermosphacta, S. aureus, L. monocytogenes). Wells of 
6 mm diameter were made using a sterile cork-borer. Positive controls con-
sisted of gentamicin for Gram-negative bacteria and nisin for Gram-positive 
bacteria and sterile water was the negative control for both. Total phenolic 
content (TPC) was assessed according to the method described by Me-
dina-Remón et al. (2009). 2, 2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2’-az-
ino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS),  oxygen radical 

absorbance capacity (ORAC) and ferric reducing ability of plasma (FRAP) 
were also performed for determining the antioxidant capacity (Brand-Wil-
liams et al.,1995, Re et al., 1999, Huang et al., 2002, Benzie et al., 1996, re-
spectively). The influence of incubate time on antioxidant and antimicrobial 
capacity was examined using a one-way ANOVA, with IBM SPSS Statistics 
23 software package.
Results
Statistical analysis did not show significant differences (P>0.05) on TPC, 
ABTS and ORAC assays. Conversely, DPPH and FRAP values decreased 
significantly with higher hydrolysis times. Between 6 and 8 hours no differ-
ences were found. These findings are in agreement with data reported by 
Yu et al. (2017) who found that DPPH and FRAP values declined with the 
hydrolysis time using papain in the same matrix. However, they observed an 
inversed effect using pepsin and alcalase enzymes. In addition, Verma et al. 
(2017) noticed that antioxidant activities were better with higher hydrolysis 
times using papain and alcalase. On the other hand, Wang et al. (2018a) and 
Wang et al. (2018b) showed the FRAP and DDPH values increased during 
the first hour and then dropped till 3 hours of hydrolysis using flavourzyme 
in poultry meat.
Regarding the antimicrobial activity, none of the samples inhibited Gram-neg-
ative bacteria nor S. aureus. These results could be due to that Gram-nega-
tive bacteria are more resistant than Gram-positive (Chakka et al., 2015). In 
our study, hydrolysates at 4 (14 mm), 8 (9 mm) and 10 (18 mm) hours inhibited 
Brochothrix growth, whereas the zone of inhibition was of 16 mm and 6 mm, 
for positive and negative control, respectively. Moreover, L. monocytogenes 
was inhibited with the same strength as the positive control (nisin) at 10 
hours (10 mm), whereas the negative control also was of 6 mm. The anti-
microbial effect increased in accordance with the diameter of the inhibition 
zone formed. As we could see flavourzyme hydrolysates at 10 hours exhib-
ited strongest antibacterial activity against Brochothrix. In the middle hours 
the activity was not so evident since it was not even detected at 6 hours.
Conclusion
It can be concluded that after 4 hours of incubation, we can obtain extract 
from porcine liver with the highest antioxidant capacity using flavourzyme. 
Regarding antimicrobial activity, our flavourzyme extracts only showed inhi-
bition against to Brochothrix and L. monocytogenes.
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Fatty Acid Profile Of Castellana And INRA401 Lambs (#272)
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dez1, José Manuel Lorenzo1
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Introduction
Nowadays, animal welfare and environmental impact have become key fac-
tors linked to the concept of meat quality demanded by consumers. In this line 
of though, assessing the nutritional quality of the meat, such as the fatty acid 
composition, is one of the main aspects to understand potential barriers and 
future markets that can be explored to improve competitiveness within the 
meat sector (Font-i-Furnols & Guerrero, 2014). The present study aimed to 
evaluate the fatty acid profile of Castellana and INRA401 lamb meat produced 
in the region of “Castilla y León” (Spain).
Methods
All handling practices followed the recommendations of the Directive 2010/63/
EU of the European Parliament and the Council of the European Union (2010). 
Five Castellana and five INRA401 male lambs (already weaned, 6 to 8 weeks 
old) were used. Animals from each breed were housed together with straw 
bedding and had free access to commercial concentrate (894 g DM/ kg fresh 
matter, 145 g neutral detergent fibre/kg DM, 58 g acid detergent fibre/kg DM, 
190 g CP/kg DM and 75 g ash/kg DM), cereal straw (917 g DM/kg fresh mat-
ter, 785 g neutral detergent fibre/kg DM, 506 g acid detergent fibre/kg DM, 
40 g CP/kg DM and 78 g ash/kg DM) and fresh water during the whole ex-
periment. At 4 months old, they were transported to a commercial abattoir (1.5 
h transport), stunned, slaughtered by exsanguination from the jugular vein, 
eviscerated, and skinned to obtain the carcass (chilled at 4 °C for 24 h). Meat 
samples (longissimus thoracis) were taken and analyzed regarding fat content 
using an Ankom XT10 equipment (AOAC Official method Am 5-04) and fatty 
acid methyl esters according to Domínguez et al. (2018). The effect of breed 
was analyzed by least mean square analysis using a level of statistical signif-
icance of P<0.05.
Results
The fat content in the meat of both breeds was low and similar (Table 1). The 
main fatty acids were monounsaturated fatty acids (MUFA; 0.95 g/ 2.02 g total 
and 0.85 g/ 1.78 g total fat for Castellana and INRA401 lambs, respectively) fol-
lowed by saturated (SFA; 0.80 and 0.72 g for Castellana and INRA401 breed, 
respectively) and polyunsaturated fatty acids (PUFA, 0.27 and 0.21 g for Cas-
tellana and INRA401 breed, respectively). A similar outcome was observed 
Esquivelzeta et al. (2017) with the meat obtained from Ripollesa and Lacaune 
breed. PUFA and n-6 showed significant differences between breeds (P<0.01), 
which indicate a higher deposition of these fatty acids in Castellana breed. 

Additionally, the n-6/n-3 ratio was similar among breeds (13.47 and 12.54 for 
Castellana and INRA401 breed, respectively). The n-6/n-3 ratios were higher 
than recommended (n-6/n-3 < 4) to reduce the risk of cardiovascular diseas-
es (Liu et al., 2016).
Conclusion
The low-fat content of the meat obtained from both breeds supports its pro-
duction and exploration, particularly the meat from Castellana breed that 
showed slightly better fatty acid profile (higher PUFA and n-6 content) than 
that of INRA401 lambs. Improving the n-6/n-3 ratio is an interesting strategy to 
enhance the quality of meat of both breeds, improve competitiveness (healthi-
er product) and explore new markets.
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Can the relationship between beef color and tenderness be explained by myoglobin regulating calpain-1? (#277)

Jade V. Cooper1, Surendranath P. Suman2, Zachary D. Callahan1, Karl C. Kerns1, Michal Zigo1, Peter Sutovsky1, Steven M. Lonergan3, 

Carol L. Lorenzen1

1 University of Missouri, Division of Animal Sciences, Columbia, US; 2 University of Ketucky, Department of Animal and Food Sciences, Lexington, US; 3 Iowa State University, Department of Animal Sci-
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Introduction
Meat color and tenderness are two of the most important traits for overall con-
sumer perception of meat quality [1, 2]. Consumers are willing to pay a premium 
for beef products that are guaranteed tender [3, 4]. Tenderization that occurs 
during aging is attributed to the calpain system, an endogenous protease sys-
tem responsible for proteolysis of myofibrillar proteins [5, 6]. Previous reports 
indicate that calpain-1 is the primary protease responsible for tenderization of 
beef during aging [5, 6]. Myoglobin is the main sarcoplasmic protein responsible 
for meat color. Previous research revealed a relationship between meat color 
and beef tenderness [7, 8, 9] and indicated that myoglobin can inhibit calpain-1 
in solution [10, 11]. The objective of this study was to determine the extent to 
which myoglobin and beef color are associated with calpain activity and beef 
tenderness.
Methods
Longissimus lumborum samples from the left side of Holstein beef carcasses (n 
= 21) were collectedimmediately post exsanguination on the processing floor 
for 0 h analyses of calpain-1, myoglobin concentration, and metmyoglobin re-
ducing activity (MRA). Muscle temperature and pH were measured at 0, 24, and 
48 h postmortem. USDA yield and quality grades were determined 48 h post-
mortem, immediately after grading, steaks (n = 6) were removed from the right 
side of each carcass (n = 21) for analyses at 48 and 336 h. Steaks assigned to 
336 h analysis were vacuum packaged and aged. At 48 and 336 h objective col-
or (L*, a*, and b* values) via a HunterLab MiniScan, MRA, myoglobin concentra-
tion, calpain-1, slice shear force (SSF), and Warner-Bratzler shear force (WBSF) 
were measured. Calpain-1 concentrations and autolysis were determined via 
Western blot. Western blots were analyzed using Image Lab analysis software 
(Image Lab Version 5.2.1). Means and correlations were generated using SAS 
(SAS Version 9.4).
Results
Carcasses in this study had a mean USDA yield grade of 1.6 with an adjusted fat 
thickness of 0.13 cm and mean USDA quality grade of Select34. Declining mean 
values obtained for pH and temperature, over time, indicate normal develop-
ment of rigor mortis (Table 1). Decreases in shear force values indicate a normal 
response to aging over time which has been attributed to calpain-1 activity. Ob-
jective surface color measurements (Table 1) were within normal range for beef 
at 48 and 336 h post mortem. After protein load normalization to a reference 

protein, myosin, calpain-1 relative abundancies decreased (P < 0.05) over time, 
indicating autolysis, with mean values of 1.23, 0.87, and 0.79 for 0, 48, and 336 
h, respectively (Figure 1). Myoglobin content decreased (P < 0.05) between 0 
and 48 h, whereas MRA increased (P < 0.05). Metmyoglobin reducing activity 
at 48 h was positively correlated to WBSF at 48 h and negatively correlated to 
calpain-1 concentration at 0 h (P < 0.05; Table 2). Color measurements of L* and 
b* at 48 h were moderately correlated with WBSF at 336 h (P < 0.05; Table 2). 
The b* measurement at 336 h showed a moderate relationship to calpain-1 con-
centration at 0 h (P < 0.05; Table 2).Table 1. General Meat Characteristics (Mean 
+ SE) from Holstein Beef Longissimuslumborum steaks (n = 21)
  0 h 24 h 48 h 336 h

pH 6.4 + 0.05 5.8 + 0.03 5.6 + 0.02 -

Temperature (oC) 35.8 + 0.35 1.7 + 0.08 1.1 + 0.13 -

L* - - 36.7 + 0.35 38.1 + 0.70

a* - - 16.2 + 0.19 13.4 + 0.56

b* - - 12.4 + 0.23 12.9 + 0.52

Myoglobin (mg/kg) 4.7 + 0.09 - 3.8 + 0.09 3.7 + 0.10

MRA 22.0 + 0.09 - 42.6 + 2.49 42.2 + 0.10

WBSF (N) - - 73.2 + 5.00 48.8 + 1.33

SSF (N) - - 348.2 + 19.68 260.5 + 13.73

  WBSF 48 h WBSF 336 h SSF 48 h Calpain-1 0 h Calpain-1 48 h

Myoglobin 0 h     0.386**    

Myoglobin 48 h       -0.476*  

MRA 48 h 0.381**        

MRA 336 h 0.457*   0.372**    

 
  0 h 24 h 48 h 336 h

pH 6.4 + 0.05 5.8 + 0.03 5.6 + 0.02 -

L* 48 h   0.469*      

b* 48 h   0.469*      

b* 336 h       0.472* 0.397**

 
Table 2. Correlations between selected color and tenderness measurements 
(n = 21)
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Conclusion
General meat characteristics revealed normal rigor mortis, color, and ag-
ing development in these samples. Moderate correlations between 
beef color and tenderness measurements at 48 and 336 h were dis-
covered indicating that myoglobin may impact calpain-1 in vivo. 
 

 
 
 
 
 
 
 
 
 
 
 
Figure
1. Representative Calpain-1 Western Blot
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Poultry Meat Affected by White Striping Anomaly and its Implications in Lipid Oxidation Levels (#281)

Natalia M. Leite, Jorge N. Inoue, Lilian W. Hasunuma, Mayka R. Pedrao, Fabio Coro, FC and MRP are CNPq research fellows
Federal Technological University of Parana, PPGTAL, Londrina, Brazil 

Introduction
The poultry industry in recent years, considering the necessity to obtain 
carcasses with more quality, aiming most higher weight and yield, techno-
logical advances were improved regarding genetic selection and new han-
dling and nutrition strategies, however, these purposes led to histological 
and biochemical changes, resulting from this new generation of broilers, 
impairing certain traits in the quality of the meat. Due to this alteration in 
muscle tissue, emergent pectoral myopathy called white striping (WS) was 
observed. Disorders in the chest muscle classified as WS are visible in raw 
cuts with appearance of white “scars” parallel to muscle fiber on the sur-
face of the Pectoralis major muscles. They usually start at the cranial portion 
of the breast fillet, near the point of insertion of the wing and may present 
several levels of severity (Kuttapan et al., 2012). According to Petracci et al. 
(2014) and Soglia et al., (2015), WS poultry breasts have a higher lipid con-
tent, which increases accordingly with severity of the anomaly. It is known 
that there is higher lipid content in these kind of meats, but there is still little 
data on lipid oxidation rates. Facing this context, the present work has as 
main objective to evaluate the lipid oxidation and warmed over flavor (WOF) 
in poultry meat meat affected with WS.
Methods
A total of 20 carcasses were collected, 10 WS classified as moderate and 
severe and 10 breasts classified as normal. The samples were conditioned 
and kept under refrigeration until further analysis. Lipid oxidation (TBA) and 
Warmed Over Flavor (WOF) (Tarladgis et al. (1964)) and total lipid content 
(LP) (AOAC, 1995) were conducted in triplicate for each sample. Half portion 
of the breasts was ground “in natura” for TBA and LP analysis. The other 
half was vacuum packed and cooked in water bath at 80°C for 55 minutes, 
then triturated and stored under refrigeration for 24 hours, in order to the 
determine WOF.
Results
The results were submitted to T test statistical analysis using the Biostat 
5.0 program. For LP, the values   obtained were 2.3 times higher in WS than 
in normal meats. Similar results were found by Baldi et al (2017), in which 
the lipid content was also higher for meats with WS (Table 1). Soglia et al 
(2016) has observed that breast meat affected with WS showed an average 
of 1.25g% of lipids while those considered normal are 0.87g%. As reported 
by Kuttapan et al. (2012) and Petracci et al., (2014), the amount of intramus-
cular fat increases with the degree of WS. These authors also suggest that 
the damage to muscle tissue is intense and continuous, and attempts at 

self-regeneration in damaged areas of the muscle could face failure, leading 
to differentiation of pluripotent stem cells from muscle tissue into fibroblasts 
or adipocytes, which may lead to fibrosis and lipidosis. The obtained values 
for TBA,   showed no significant difference between normal breasts and WS. 
A similar result to the study presented by Alnahhas et. al. (2016). However, 
when the samples were thermally treated, the lipid oxidation levels showed 
an substantial increase, indicating that WS breasts could produce lower ox-
idative stability, confirming that the combination of WS treated meats pres-
ents higher oxidation rates. Trindade et al. (2008), find out in their study that 
rancid odors can be detected by trained and untrained tasters in the range 
of 0.5-1.0 and 0.6-2.0 mg malonaldehyde/kg sample, respectively. The values 
obtained in this experiment are much higher compared to the levels found in 
Trindade et al. (2008), which justifies the characteristic warmed over aroma 
and flavor in poultry meats resulting, consequently a rejection by the con-
sumer and greater losses for the industrial sector.
Table 1 – Mean values for Total Lipid contents, Lipid Oxidation (TBA) and 
Warmed-Over Flavor (WOF) in Normal and White Striping (WS) Poultry 
Breasts.
  Normal WS

Total Lipid (LP) (%) 1.27 ± 0.76b 2,97 ± 0,81a

TBA (mg/kg) 2.50 ± 0.21aA 3,12 ± 0,56bB

WOF (mg/kg) 3.07 ± 0.69bA 3,84± 0.8aB

* different letters in the same line (lowercase letters) and different letters ind 
the same collumn (uppercase letters) are differ statistically at 5% (P <0,05), 
T test.
Conclusion
Based on the results obtained, it can be concluded that poultry meat af-
fected by the WS anomaly presents a lower oxidative stability after the heat 
treatment, and can be a quality factor perceived by the consumer, leading to 
depreciation of the product.
 Alnahhas, N., et al. (2016). BMC Genetics, v. 17.
AOAC – Association Of Official Analitycal Chemistis. (1997). Official methods 
of analysis of association of offcial analitycal chemists. 16. Ed. Arlington.
Baldi, G. et al. (2017) . Animal, Italy, p. 1-10. Kuttappan, V.A. et al..(2012). Poul-
try Science, v. 91, n.5. Petracci M, et al. (2014). Italian Journal of Animal Sci-
ence 13:3138. Soglia, F. et al. (2016). Poultry science. 95(3). Tarladgis, B. G.; 
Pearson, A. M.; Dugan Jr, L. R.(1964). Journal of the Science of Food and 
Agriculture. Trindade, M. A.; Nunes, T. P.; Felício, P. E. (2008). Ciência e Tec-
nologia de Alimentos, Campinas, v.28, n.1.
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Relationship Between Freezing Rate And Protein Denaturation (#318)

Yuemei Zhang, Per Ertbjerg
University of Helsinki, Department of Food and Nutrition, Helsinki, Finland

Introduction
Freezing and thawing has been reported to decrease water-holding capac-
ity of meat in terms of thaw loss, drip loss and cooking loss, presumably 
attributed to the mechanical damage caused by ice crystallization and pro-
tein denaturation [1]. Slow freezing has often been reported to produce more 
thaw loss compared to fast freezing [1]. Protein denaturation that takes place 
during freezing potentially contributes to a decrease in water-holding capac-
ity of meat resulting in the formation of thaw loss [2], presumably due to an 
increased concentration of solutes in the unfrozen water phase of meat tis-
sue. Denaturation of myofibrillar protein has been reported in frozen-thawed 
meat by observing lower denaturation enthalpy during heating [3]. The im-
portance of protein denaturation for the formation of thaw loss is thus still not 
well understood. This paper aims to examine the effect of rate of ice crystal 
formation induced by slow and fast freezing on the denaturation of myofibril-
lar proteins in porcine longissimus thoracis et lumborum (LTL) muscle.
Methods
Six pork LTL muscles were cut into 12 steaks which were assigned to three 
treatments: 1) non-frozen control (stored at 2 ± 1 °C), 2) fast and 3) slow 
freezing (frozen at -20 °C and -80 °C, respectively). Frozen samples were 
thawed at 2 ± 1 °C for 24 h. Purge loss including thaw loss was taken as the 
average amount collected after cold storage for 24 and 48 h. Water-holding 
capacity of myofibrils was determined as described by Zhang & Ertbjerg [2]. 
Surface hydrophobicity of myofibrils was determined according to Liu et al. 
[4]. Each analysis was performed in triplicate. The relationship was evaluat-
ed by Tukey HSD test by the IBM SPSS Statistics 24 software.
Results
Freezing-thawing increased (P < 0.01) purge loss from 5.3% (non-frozen) to 
6.3% (fast freezing) and 8.3% (slow freezing). Compared to fast freezing, slow 
freezing also resulted in decreased water-holding capacity of myofibrils and 
increased surface hydrophobicity of myofibrils (Fig. 1). This provides clear 
evidence for involvement of protein denaturation due to a negative relation-
ship (r= -0.74) between surface hydrophobicity and water-holding capacity 
of myofibrils. A previous study on freezing of turkey meat also reported in-
creased surface hydrophobicity, suggesting an unfolding of myofibrillar pro-
teins [5]. We here propose a model of the influence of protein denaturation 
on the formation of thaw loss and the relationship with the freezing rate (Fig. 
2). The water migration from inside of muscle fibers to outside during freez-
ing will result in dehydration and transversal shrinkage of muscle fibers and 

myofibrils. Freezing at fast rate forms within a short time small ice crystals 
distributed inside and outside of fibers in parallel with moderate transversal 
shrinkage of muscle fibers. However, slow freezing results in more water 
migration to form large extracellular ice crystals, leading to a more severe 
transverse shrinkage of the fibers and a higher concentration of solutes and 
a corresponding lower pH in the unfrozen water, resulting in more severe 
myofibrillar protein denaturation as compared to a fast freezing rate. Upon 
thawing, more dehydrated and denatured structural proteins will reabsorb 
less water and hence explain the higher thaw loss in slow freezing.
Conclusion
Slow freezing caused a greater water loss upon thawing, as well as de-
creased water-holding capacity of myofibrils and increased surface hydro-
phobicity of myofibrils, indicating that slow freezing caused a larger denatur-
ation of myofibrillar proteins than fast freezing.
Acknowledgements
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Figure 2 Model of freezing rate in relation to thaw loss. 
The model explains how the freezing rate affect myofibrillar structure 
and thaw loss within the sarcomere (light blue color represents ice 
crystals).
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Figure 1 Relationship between water-holding capacity of myofibrils 
and surface hydrophobicity.   
BPB: bromophenol blue.
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Factors Affecting Efficacy Of Dry Aging Of Beef (#329)

Felipe Azevedo Ribeiro1, Soon Kiat Lau2, Morgan L. Henriott1, Nicolas J. Herrera1, Nicolas A. Bland1, Jeyamkondan Subbiah2, 3, Chris R. Calk-
ins1

1 University of Nebraska, Department of Animal Science, Lincoln, US; 2 University of Nebraska, Department of Food Science and Technology, Lincoln, US; 3 University of Nebraska, Department of Biologi-
cal Systems Engineering, Lincoln, US

Introduction
During dry aging, water is transferred from the interior to the meat surface 
and is subsequently evaporated and flavor compounds are concentrated. 
Temperature, air flow, relative humidity (RH), and pH are important variables 
of the drying process because they can affect the water evaporation rate.
If RH is too low, excess product shrinkage and crust formation may occur. 
Conversely, high RH causes slow drying and prevents crust formation. We 
hypothesized that rapid drying due to low RH would create a hard crust on 
the meat surface that could reduce moisture loss, negatively affecting flavor 
and yield.   Meat pH affects the ability of muscle to bind water. Therefore, we 
evaluated pH effects on water loss. Dry aging of dark cutters (DC) beef may 
improve flavor and increase yield.  
Methods
We have built a computerized dry aging system that is capable of precisely 
controlling RH (± 1%) and fan speed (± 50 RPM). The chambers have built-
in weighing scales that can continuously monitor weight loss (± 5g). Fan 
speed, RH, weight and temperature can be saved on the connected com-
puter in intervals of 1 s.
Project 1: Sixteen USDA low Choice boneless strip loins were assigned to 
one of four aging treatments: vacuum (Wet), dry-aging at 50% RH (RH50), 
dry-aging at 70% RH (RH70), or dry-aging at 85% RH (RH85). Loins were 
placed in individual dry aging chambers and aged for 42 days at 1°C and 
2200 RPM fan speed.
Project 2: Six USDA low Choice and six matching DC carcasses were se-
lected and boneless strip loins from both sides were obtained. Longissimus 
muscle pH was measured and carcasses were classified as DC (pH = 6.69), 
or control (pH = 5.47). Then, both strip loins per animal were assigned to 2 
aging methods (wet or dry). The 4 treatments included 2 dry aging (DRY and 
DRY-DC) and 2 wet-aging treatments (WET and WET-DC). Loins were aged 
for 42 d at 1°C, 70% RH, and 2200 RPM fan speed.
After aging, loins were fabricated into steaks and evaluated for aging losses 
(trim loss and yield), Warner-Bratzler shear force (WBSF), and by sensory 
analysis via triangle test. Samples from the project 1 were also evaluated by a 
sensory profile panel. Trained panel results were analyzed using PROC GLM 
and principal component analysis (PCA). Rate of moisture loss was analyzed 
as a split plot design with treatment as the main plot and days of aging as the 

repeated measures. All the other data were analyzed as a completely ran-
domized design. Chamber (loin) was considered the experimental unit. Data 
were analyzed using the PROC GLIMMIX procedure of SAS with ∝ = 0.05.
Results
Project 1: There was a treatment by day interaction for rate of moisture loss 
(P < 0.001; Figure 1). The RH50 treatment had a faster rate of moisture loss 
than RH85 on the first day of aging (P < 0.05), while RH70 was intermediate. 
The RH50 and RH70 treatments had higher rates of moisture loss than RH85 
on days 2 and 3 of aging (P < 0.05). By day 4, no differences in rate of mois-
ture loss among RH treatments were found (P > 0.05). Wet-aged samples 
had lower moisture loss, trim loss and higher yield than all dry-aged treat-
ments (P < 0.05). However, there were no differences among RH treatments 
for total moisture loss (P = 0.66), trim loss (P = 0.96) and yield (P = 0.90). No 
differences among treatments for WBSF were found (P = 0.66). Results from 
the triangle test indicated that there was a detectable difference between 
Wet and RH70 (P = 0.02). However, there was no detectable difference be-
tween RH50 and RH85 (P = 0.14). No differences among treatments were 
found for flavor notes using analysis of variance. Using PCA, two factors 
explained 83% of the variation in sensory attributes.   The RH50 treatment 
tended to be associated with relatively positive flavor notes, including beef 
flavor ID, roasted, umami, smokey/charcoal, heated oil, bitter, and brown fla-
vor. The RH70 treatment tended to associate with sour milk, sour aromatics, 
rancid and fishy flavor, while RH85 tended to associate with oxidatized fla-
vors like cardboard, warmed-over, metallic, green, liver-like and sour flavor 
notes. Wet aged steaks were fairly neutral in flavor notes  (Figure 2).
Project 2: No differences in rate of moisture loss (P = 0.51), total moisture 
loss (P = 0.96; Figure 3), trim loss (P = 0.69) or yield (P = 0.75) between 
DRY-DC and DRY were found. There were no differences among treatments 
for WBSF (P = 0.67). Results from triangle testing indicated a detectable 
difference between DRY-DC and DRY (P = 0.01), DRY-DC and WET-DC (P = 
0.01), DRY-DC and WET (P = 0.01) and WET-DC and WET (P < 0.01). Anec-
dotally, panelists noted inferior eating satisfaction associated with DC flavor, 
although they were not asked questions regarding preference.
Conclusion
Lower RH results in more rapid moisture loss at the beginning of the aging 
process without significantly affecting the total amount of moisture loss.  
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Flavor notes tended to be more desirable than other treatments. Ultimate 
pH did not affect the rate and total moisture loss in dry aged beef. Trim loss, 
yield, and tenderness were not affect by RH or ultimate pH during dry aging. 

Results suggest that dry aging did not improve flavor characteristics of DC 
beef.

 
 
 

 
Principal component biplot of sensory attributes 
Figure 2. Principal component biplot of sensory attributes where 
RH50 = dry aged loins at 50% relative humidity (RH), RH70 = dry aged 
loins at 70% RH, RH85 = dry aged loins at 85% RH, and WET = wet aged 
loins for trained sensory panel.
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Moisture loss over time  
Figure 1. Total moisture loss of boneless strip loins (Longissimus 
lumborum) dry aged for 42 days at 50, 70 or 85% relative humidity 
(RH). 
 
 

 
Moisture loss over time  
Figure 3. Total moisture loss of boneless strip loins (Longissimus 
lumborum) classified as dark cutters (DC) or normal ultimate pH dry 
aged for 42 days.
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Effect of glycosylation on structural properties of pale, soft and exudative (PSE)-like chicken breast myofibrillar 
protein (#337)

Minyi Han, Xinglian Xu, Guanghong Zhou
Nanjing Agricultural University, Key Laboratory of Meat Processing and Quality Control, MOE, Nanjing, China

Introduction
The appearance of PSE-like chicken breast meat has become a major eco-
nomic concern for production and processing in the global poultry indus-
try. Currently, processors are attempting to identify suitable methods to im-
prove the water holding capacity and textural properties of PSE-like chicken 
breast meat. Glycosylation, classified as one way of post-translational pro-
tein modifications, is a prevailing approach for improving the functional prop-
erties of proteins. Recently, significant attention has been given to enzy-
matic glycosylation catalyzed by microbial transglutaminase (MTGase). The 
approach shows excellent advantages, including site-specificity, the high 
efficiency, environmental friendliness and mild reaction conditions. Based 
on the discussions outlined above, the objective of present study was to 
conjugate myofibrillar protein (MP) from PSE-like chicken breast meat with 
glucosamine (GlcN) via glycosylation catalyzed by MTGase. And the spatial 
structural characterization of the protein was monitored.
Methods
Fourier transform infrared spectroscopy (FT-IR) analysis
The structural characteristics of all samples were recorded with a NICO-
LET-380 type Fourier transform infrared spectrometer at 25 °C. The samples 
were mixed with KBr at a ratio of 1:100 and then pressed into a pellet. The 
spectra of the samples were collected in a wavenumber range of 400–4000 
cm-1 with a resolution of 4 cm-1 for 32 accumulations.
Measurement of surface hydrophobicity
The surface hydrophobicity of the samples was measured using the fluores-
cence probe 8-anilino-1-naphthalene sulfonic acid (ANS). First, 20 μl of ANS 
solution (15 mM ANS in 0.6 mol/L phosphate buffer, pH 7.5) was added to 4 
ml of the sample (1 mg/ml). The samples were incubated in the dark at 25 °C 
for 20 min. Fluorescence was measured with a fluorescence spectrophotom-
eter (SpectraMax M2, Molecular Devices Limited, USA) using an excitation 
wavelength of 375 nm and an emission wavelength of 460 nm.
Determination of turbidity
Protein dispersions were diluted to 1 mg/ml with 0.6 M KCl phosphate buffer 
(pH 7.5). The turbidity of the diluted samples was monitored as the increase 
in optical density at 340 nm in a microplate reader (SpectraMax M2, Molec-
ular Devices Limited, USA).
Results
FT-IR analysis

FT-IR spectroscopy was used as a rapid and efficient method for identify-
ing interactions between MP and GlcN catalyzed by MTGase. The FT-IR 
spectra of non-treated MP, cross-linked MP and glycosylated MP were ex-
hibited in Fig. 1. Obviously, it showed that the absorption band at around 1110 
cm-1 of glycosylated MP was much more enhanced than non-treated MP or 
cross-linked MP, whereas non-treated MP showed a pattern similar to that 
of cross-linked MP. It has been reported that absorbance in the 1050-1150 
cm-1 range is typically generated by -C-O stretching and -OH deforming 
vibration. Accordingly, the enhanced absorbance at 1110 cm-1 suggested that 
the glycosylated MP contained more C-OH bonds than non-treated MP and 
cross-linked MP. Hence, the FT-IR spectra result gave an evidence of the 
modification of GlcN with MP catalyzed by MTGase.
Effects of glycosylation on the conformational character-
istics of MP
As shown in Fig. 2, compared with the non-treated MP, the surface hydro-
phobicity of cross-linked MP increased to 829, while the surface hydropho-
bicity of glycosylated MP was 563 (P < 0.05). This result suggested that 
crosslinking caused MP molecules to stretch and unfold, which led to the ex-
posure of hydrophobic groups previously buried in the interior regions of MP. 
ANS had much more access to hydrophobic sites and could bind MP mole-
cules that were previously surrounded by a nonpolar environment, and thus 
the surface hydrophobicity of cross-linked MP increased. GlcN has good 
hydrophilicity and is rich in hydroxyl groups (-OH). Thus, the decreased sur-
face hydrophobicity of glycosylated MP might be due to the steric hindrance 
effect of the covalently bound GlcN molecules.
Effects of glycosylation on the turbidity of MP
Compared with the non-treated MP, the turbidity of both crosslinked MP and 
glycosylated MP increased significantly (P < 0.05) (Fig. 3). Moreover, the 
turbidity of cross-linked MP increased more obviously (P < 0.05) than the 
turbidity of glycosylated MP. Rough estimations of the aggregation of pro-
tein molecules could be determined according to the turbidity change. The 
present result of the turbidity of cross-linked MP clearly confirmed that the 
MP molecules had undergone unfolding and aggregation in the presence of 
MTGase. In this regard, the results obtained from turbidity were in line with 
the conformational changes as described above.
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Conclusion
In the current work, MTGase was effective in catalyzing MP chains grafting 
onto the GlcN backbone. FT-IR confirmed the covalent attachment of MP to 
GlcN. Glycosylated MP showed a significantly different structures from MP. 

The conformational changes in MP might result in increased turbidity. Fur-
ther investigations into MTGase-catalyzed glycosylation reactions between 
MP and GlcN should be carried out to quantify the effect on other functional 
properties to increase the economic value of PSE-like chicken breast meat.

 
 
 

 
FT-IR spectra 
Fig. 1. FT-IR spectra of non-treated MP, cross-linked MP and glyco-
sylated MP.
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Turbidity 
Fig. 3. The turbidity of non-treated MP, cross-linked MP and glyco-
sylated MP. Values are given as means ± standard deviation (n = 3). 
Different letters (a–c) above columns indicate significant differences 
(P < 0.05) between the samples.
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Surface hydrophobicity 
Fig. 2. Surface hydrophobicity of non-treated MP, cross-linked MP and 
glycosylated MP (samples were prepared under the optimum condition). 
Values are given as means ± standard deviation (n = 3). Different 
letters (a–c) above columns indicate significant differences (P < 
0.05) between the samples.
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Effect of pelvic suspension on the fresh physical meat quality of male common eland (Taurotragus oryx) (#350)

Tersia Needham1, Daniel Bureš2, 3, Radim Kotrba1, 2, Jana Fořtová2, 3, Nicole Lebedová4, Louwrens Hoffman5, 6

1 Czech University of Life Sciences, Department of Animal Science and Food Processing, Prague, Czech Republic; 2 Institute of Animal Science, Department of Cattle Breeding, Prague, Czech Republic; 
3 Czech University of Life Sciences, Department of Food Science, Prague, Czech Republic; 4 Czech University of Life Sciences, Department of Animal Science, Prague, Czech Republic; 5 Stellenbosch 
University, Department of Animal Sciences, Stellenbosch, South Africa; 6 University of Queensland, fCentre for Nutrition and Food Sciences, Queensland Alliance for Agriculture and Food Innovation, 
Coopers Plains, Australia

Introduction
Game species are currently underutilized regarding their meat production 
potential and despite game meat meeting numerous consumer demands re-
garding its leanness [1] and the extensive nature of game farming systems 
[2], little knowledge is currently available into many South African antelope 
species. Common eland have been identified as favourable for commercial 
meat production [3]; however, the limited research available on their meat 
quality has shown that their meat is tough [4]. The objective of this study 
was thus to determine whether pelvic suspension would improve the fresh 
meat quality of the various muscles of male eland.
Methods
Ten male eland (~ 2 years) were slaughtered at CULS Research Farm at 
Lany, using captive bolt stunning, followed by exsanguination and dress-
ing. Carcasses were split along the spine and each side was randomly al-
located to either suspension by the pelvic bone, or by the Achilles tendon. 
After 24 hours at 4 °C, seven muscles were removed from each side, pH 
(inoLab pH 730, WTW, Weilheim, Germany) was taken and the muscle was 
cut into ~2cm thick steaks. The first steak was used to measure CIE Lab 
surface colour after 45min blooming (CM-700d, Minolta, Osaka, Japan), the 
second for drip loss and the third for cooking loss (75°C internal temperature 
in 80°C waterbath) [5] and then shear force determination (6 cores/muscle 
using Warner-Bratzler blade on Instron, Canton, MA, USA) [4]. Data was 
analysed separately for each muscle, using the GLM procedure in SAS sta-
tistical package. Normality and homoscedasticity was tested, and the model 
included suspension method as fixed effect and the animal as a random 
effect. LSMeans were computed using t-tests and significant differences are 
reported at a level of 5%.
Results
Results for the fresh meat quality are presented in Table 1 (see attached). 
Pelvic suspension decreased the shear force values of the psoas major (P = 
0.007) and biceps femoris (P = 0.002) muscles. Pelvic-suspended sides had 
marginally lower psoas major pH24h (P = 0.037) and the biceps femoris mus-
cles had lower drip losses (P = 0.023), which likely had a positive effect on 
its tenderness. Longissimus lumborum muscles from pelvic-suspended sides 
were darker (L*; P = 0.028) and had greater b* colour values (P = 0.003).

Conclusion
As expected, pelvic suspension did not influence the fresh meat quality of 
the forequarter muscles, but it increased the tenderness of two high-value 
muscles: psoas major and biceps femoris. The colour differences seen in the 
lumbar region of the Longissimus muscle were minor and unlikely to influ-
ence consumer evaluation. The tenderness of the biceps femoris was greatly 
improved with pelvic suspension compared to previous studies on South 
African male eland of similar age (Needham et al., 2019).
Acknowledgements
Supported by MZE-RO0718, CZ.02.2.69/0.0/0.0/16_027/0008366 and GA 
FTA no. 20195011. 
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[2]Hoffman, L. C., & Wiklund, E. (2006). Game and venison – meat for the 
modern consumer. Meat Science, 74, 197-208.
[3]Charles, A. B., King, J. M., & Heath, B. R. (1981). Game domestication for 
animal production in Kenya: an analysis of growth in oryx, eland and zebu 
cattle. The Journal of Agricultural Science, 97, 453-463.
[4]Needham, T., Laubser, J. G., Kotrba, R., Bureš, D., & Hoffman, L. C. (2019). 
Sex influence on muscle yield and physiochemical characteristics of com-
mon eland (Taurotragus oryx) meat. Meat Science, 152, 41-48.
[5]Honikel, K. O. (1998). Reference methods for the assessment of physical 
characteristics of meat. Meat Science, 49, 447-457.



Notes

65th International 
Congress of Meat Science 
and Technology

687

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Table 1.  
The effect of pelvic suspension on the meat quality of seven muscles 
of male common eland. 
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Muscle fiber type profile and postmortem metabolism of Nellore cattle with different growth potential from wean-
ing to yearling (#359)

Mariane Beline1, Juan F. M. Gómez1, Daniel S. Antonelo2, Juliana Silva1, Bruna Pavan1, Laura B. Toseti1, Sulaiman K. Matarneh3, David E. Gerrard4, Saulo 
L. Silva1
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Introduction
Intensive selection based on growth rate and muscularity leads to changes 
in the composition of muscle fibers, increasing the proportion of glycolytic 
fibers in cattle (Wegner et al., 2000). An increase in the glycolytic fibers is 
characterized by an increase in glycolytic metabolism, which results from 
a greater abundance of glycolytic enzymes (Mcgilchrist  et al., 2016), and 
consequently, a decrease in oxidative capacity, as indicated by the reduced 
activity of mitochondrial enzymes (Hocquette  et al., 1998). This work was 
designed to evaluate the muscle fiber characteristics and postmortem me-
tabolism of Nellore cattle with different weaning growth potential.
Methods
Twenty Nellore non-castrated males (417±61 kg body weight and 22±2 mo. 
old) with different expected progeny differences (EPD) for post-weaning 
growth were fed with a 27% roughage (corn silage) and 73% of concen-
trate (corn grain, soybean meal, mineral mix) diet for 100 days. At the end 
of the feeding period, animals were slaughtered and samples of the Longis-
simus thoracis (LT) from 10 animals with high (EPDH) and 10 animals with 
low (EPDL) EPDs were collected and immediately frozen in liquid nitrogen 
and stored at -80°C for metabolic and pH analyzes. For muscle fiber profile 
analysis, fragments in the longitudinal direction of the muscle fibers were 
collected, frozen in N-hexane cooled in liquid nitrogen and stored at -80 
oC. To determine the muscle fiber profile, samples were stained using nico-
tinamide adenine dinucleotide tetrazolium reductase (NADH-TR) according 
to the technique of Pearse (1972) modified by Dubowitz and Brooke (1984). 
Fibers were classified as slow oxidative (SO), fast oxidative-glycolytic (FOG) 
or fast glycolytic (FG), as proposed by Peter et al. (1972). To simulate in vitro 
glycolysis, samples of LT were ground in liquid nitrogen and homogenized 
in a buffer as proposed by England et al. (2014) and aliquots were collected 
after 0, 30, 120, 240, 480, 720, and 1440 min. The pH samples were prepared 
using the iodoacetate method as described by Bendall (1973). Lactate, gly-
cogen, glucose, and glucose-6-phosphate (G6P) analyses were performed 
according to the methodology proposed by Bergmeyer (1984) and modified 
to 96-well plates (Hammelman et al., 2003). Data were analyzed by analysis 
of variance using the MIXED procedure of SAS 9.4 (SAS Institute Inc., Cary, 
NC) as a completely randomized design considering the EPD class (EPDH 

and EPDL) as a fixed effect. The pH and metabolite data were evaluated as 
time-repeated measures, considering the fixed effects of EPD class, time of 
measurement and their interaction. Covariance structures were tested for 
each characteristic and the best fitted was used.
Results
The EPDH group had a higher frequency of FG fibers (P=0.032) and a low-
er frequency of SO fibers (P=0.026) than EPDL animals, whereas no dif-
ferences were observed in FG fibers (Table 1). Cassar-Malek et al. (2003) 
and Picard et al. (2006) working with cattle selected based on their muscle 
growth capacity also observed an increase of fast glycolytic fibers. There 
was no significant treatments x time interaction for pH, lactate, and glyco-
gen evaluated in the in vitro system (Figure 1). Glycogen concentration was 
greater in EPDH when compared with EPDL animals (P=0.008), which is 
in agreement with findings of Gardner (2001) that stated that muscles with 
higher proportions of glycolytic fibers possess greater amounts of glyco-
gen. No effect of EPD class was observed for pH and lactate. There was 
an interaction between treatment and time for glucose (P<0.001) and G6P 
(P<0.001). The EPDL animals had greater glucose concentrations than EPDH 
group at 240 min (P<0.001), 720 min (P=0.006), and 1440 min (P=0.008) 
(Figure 2B). No differences between treatments were observed for any other 
points. No differences between treatments were observed for G6P at 0 min 
(Figure 2A). However, from 30 min to 1440 min, G6P concentrations were 
higher in samples from EPDL treatment compared to EPDH. Metabolite flux 
during the glycolysis is controlled by active regulatory enzymes in the post-
mortem muscle (Hamm, 1977), so once glycogen breakdown was similar be-
tween treatments, higher accumulation of these metabolites in EPDL group 
could be explained by the differences in muscle fiber type frequency ob-
served between treatments. Oxidative muscle has less glycolytic enzymes 
abundance and activity and thereby a slower rate of postmortem glycolysis 
(Matarneh et al. 2017). Moreover, a greater accumulation of glucose when 
compared to G6P over time was observed, which was likely due to the pref-
erence of the pathway for the glycogen residues that are already in the form 
of G6P, whereas for the transformation of glucose into G6P it is necessary 
to use energy (1 ATP), leaving the process less economical (Ferguson and 
Gerrard, 2014).
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Conclusion
Selection for growth potential post-weaning shifts muscle fibers toward the 
glycolytic type, however, this change does not affect pH decline.
References
Bendall, J. R. The shortening of rabbit muscles during rigor mortis: Its relation 
to the breakdown of adenosine triphosphate and creatine phosphate and to 
muscular contraction. Journal of Physiology, 114, 71–88, 1951.
Bergmeyer, H. U. Methods of enzymatic analysis (3rd ed.)VI, Verlag Chemie: 
Weinheim, 1984.
Cassar-malek, I.; Sudre, K.; Bouley, J.; Listrat, A.; Ueda, Y.; Jurie, C. Integrat-
ed approach combining genetics, genomics and muscle biology to manage 
beef quality. In: Annual Meeting of The Bristish Society of Animal Science, 
York (England), 24–26th March 2003 (p. 52). Proceedings of the British So-
ciety of Animal Science.
Dubowitz, V.; Brooke, M. Muscle biopsy: a modern approach. London: W.B. 
Saunders Company, 1984. 472p.
England, E. M.; Matarneh, S. K.; Scheffler, T. L.; Wachet, C.; Gerrard, D. E. pH 
inactivation of phosphofructokinase arrests post mortem glycolysis. Meat 
Science 98, 850e857, 2014.
Ferguson, D. M.; Gerrard, D. E. Regulation of post mortem glycolysis in rumi-
nant muscle. Animal Production Science, 2014, 54, 464–481.
Gardiner, P. F. Neuromuscular Aspects of Physical Activity. Human Kinetics, 
2001.
Hamm, R. (1977). Postmortem breakdown of ATP and glycogen in ground 
muscle: A review. Meat Science, 1, 15-38.
Hammelman, J. E.; Bowker, B. C.; Grant, A. L.; Forrest, J. C.; Schinckel, A. P.; 
& Gerrard, D. E. Early postmortem electrical stimulation simulates PSE pork 
development. Meat Science, 63(1), 69–77, 2003.
Hocquette, J.F., Ortigues-Marty, I., Pethick, D., Herpin, P., & Fernandez, X. 
(1998). Nutritional and hormonal regulation of energy metabolism in skele-
tal muscles of meatproducing animals. Livestock Production Science, 56(2), 
115–143.
Matarneh, S. K.; England, E. M.; Scheffler, T. L.; Gerrard, D. E. The conversion 
of muscle to meat. In: Lawrie’s meat science, Eighth edition, 2017.
Mcgilchrist, P.; Greenwood, P. L.; Pethick, D. W.; Gardner, G. E. Selection for 
increased muscling in Angus cattle did not increase the glycolytic potential 
or negatively impact pH decline, retail colour stability or mineral content. 
Meat Science, 114, 2016, 8-17.
Pearse, A. G. E. Histochemistry, theoretical and applied. 3. ed. Edimburgo: 
Churchill & Livingstone, 1972.
Peter, J. B.; Barnard, R. J.; Edgerton, V. R.; Gillespie, C. A.; Stempel, K. E. Met-
abolic profiles of three types of fibers of skeletal muscles in guinea pig and 
rabbits. Biochemistry, v.11, p.2627-2633, 1972.
Picard, B.; Jurie, C.; Duris, M. P.; Renand, G. (2006). Consequences of selec-
tion for higher growth rate on muscle fibre development in cattle. Livestock 

Science, 102(1-2), 107-120.
Wegner, J. Albrecht, E.; Fielder, I.; Teuscher, F.; Papstein, H. J.; Ender, K. 
Growth- and breed-related changes of muscle fiber characteristics in cattle. 
Journal of animal Science, 78, 1485-1496, 2000.



Notes

65th International 
Congress of Meat Science 
and Technology

690

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Figure 2. Mean of G6P and glucose in vitro, as a function of postmor-
tem time and growth potential. 
*treatments differ within time (P < 0.050); EPDH: high EPD for 
post-weaning growth; EPDL: low EPD for post-weaning growth; G6P: glu-
cose-6-phosphate.
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Figure 1. Mean and standard error of the mean (SEM) of pH, lactate 
and glycogen in vitro. 
*treatments differ (P < 0.050); EPDH: high EPD for post-weaning 
growth; EPDL: low EPD for post-weaning growth;
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Table 1. Mean, standard error of the mean (SEM), and the probability of 
muscle fibers frequency. 
SO: slow oxidative; FOG: fast oxidative-glycolytic; FG: fast glyco-
lytic;
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ATP regulates protein phosphorylation and degradation at -1.5°C in postmortem ovine muscle (#374)

Chi Ren, Chengli Hou, Xin Li, Li Chen, Muawuz Ijaz, Dequan Zhang
Chinese Academy of Agricultural Sciences, Institute of Food Science and Technology, Beijing, China

Introduction
It has been widely reported that ATP is related to rigor mortis of postmor-
tem. The  reversible protein phosphorylation played an important role in 
meat (ovine, beef, pork and et al) quality and the phosphorylation levels of 
myofibrillar proteins were significantly different between tender and tough 
muscle. However, the relationship between ATP, phosphorylation level 
and protein degradation was of less concern. The aim of this study was to 
demonstrate the effect of ATP on protein phosphorylation and degradation.
Methods
2.1 Sample preparation
The Longissimus thoracis lumborum (LTL) muscles from both sides of six 
sheep were collected. After removing visible fat and connective tissue, the 
LTL muscles were grounded. Every 50 g of ground muscles was added with 
3.5 mL of 0.1 M ATP solution (dissolved in 10 mM MgCl2) or the same volume 
of 10 mM MgCl2 solution as the ATP treated/control group. Muscle samples 
were stored at -1.5°C for 21 days.
2.2 ATP content analysis
ATP content was measured by a commercial kit (MAK190, Sigma-Aldrich, St 
Louis, MO, USA) with colorimetry.
2.3 Phosphorylation levels and degradation of myofibrillar proteins
The samples at 0 h were loaded onto each gel as a reference for the densi-
tometric analysis (Quantity One 4.6.2 software).
The degradation of ∝-calpain, desmin and troponin T were measured with 
western blot and the blot were imaged by ChemiDoc™MP Imaging System of 
Image Lab 5.1 software.
2.4 Statistical analysis
SPSS Statistic 21.0 software (SPSS Inc., Chicago, IL, USA), Duncan’s mul-
tiple range tests and Independent-samples T-test (5% significance level) 
were performed.
Results
3.1 ATP contents
ATP contents were decreased with prolonged storage time both in ATP treat-
ed and control groups (Fig. 1). The ATP contents of ATP treated group were 
significantly higher than that of the control group (P < 0.05). In postmortem 
muscle, ATP synthesis was reduced sharply due to glycolysis and ATP con-
sumption was ongoing for biochemical reaction. The existence of ATP at 21 
day indicated that ATP consumption was inhibited for the lower temperature.
3.2 Phosphorylation level

The phosphorylation levels of myofibrillar proteins were shown in Fig. 2. No 
matter in ATP treated or control group, the phosphorylation levels of myo-
fibrillar proteins increased first and then decreased slightly. The phosphor-
ylation levels of myofibrillar proteins were higher in ATP treated group than 
that of the control group after 12 h(P < 0.05), which indicated that high ATP 
contents promoted phosphorylation levels.
3.3 The degradation of ∝-calpain, desmin and troponin T
Compared with the control group, the degradation of ∝-calpain, desmin and 
troponin T were inhibited in ATP treated group which revealed that ATP 
played a negative role in protein degradation (Fig. 3). In ATP treated group, 
∝-calpain degraded from 80 to 76 kDa at 12 h while at 0 h in control group. 
Fast ATP depletion leaded to the eariler autolysisi of ∝-calpain through the 
release of Ca2+, further promoting the degradation of troponin T and desmin. 
On the other hand, the higher phosphorylation level of myofibrillar proteins 
in ATP treated group might restrain protein degradation.
Conclusion
Higher ATP contents could significantly promote the phosphorylation lev-
els of myofibrillar proteins. The ATP contents inhibited protein degradation 
through phosphorylation and the autolysisi of ∝-calpain.



Notes

65th International 
Congress of Meat Science 
and Technology

694

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Fig. 3  
The degradation of μ-calpain, desmin and troponin T in ground ovine 
muscle. 
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Fig. 2 The phosphorylation levels of myofibrillar proteins in ground 
ovine muscle. 
Different small letters (a~e) represent significant difference within 
the same group  (P < 0.05). Different capital letters (XY) represent 
significant difference between ATP treated and control groups at the 
same storage time (P < 0.05).
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Fig. 1 The changes of ATP contents in ground ovine muscle. 
Different small letters (a~k) represent significant difference within 
the same group  (P < 0.05).  Different capital letters (XY)represent 
significant difference between ATP treated and control groups at the 
same storage time (P < 0.05).
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Rabbit Physiological Response Towards Preslaughter Feed Withdrawal (#375)

Anne-Sophie Larivière-Lajoie1, Cédric Grégoire1, Amenan Prisca Kone1, 2, Dominic Gagné1, Dany Cinq-Mars1, Frédéric Guay1, Antoni Dalmau3, Linda 
Saucier1

1 Université Laval, Département des sciences animales, Québec, Canada; 2 Université Laval, Institut sur la nutrition et les aliments fonctionnels, Québec, Canada; 3 3Institut de Recerca i Tecnologia 
Agroalimenàries (IRTA), Monells, Girona, Spain

Introduction
Prior to slaughter, animals are currently fasted in order to reduce trans-
port-related sickness and microbial contamination during transport and 
evisceration [1]. Preslaughter fasting is commonly used in the industry and is 
species dependent. Fasting in pigs and poultry is well documented, but not 
to the same extent in rabbit. If the fasting time is too long, it can lead to poor 
welfare conditions and high pH meat [2]. The objective was to determine for 
rabbit the optimal fasting time and the physiological response without the 
effect of transportation to a slaughter facility.
Methods
Animal housing and feeding. A total of 72, 35-day-old weaned Grimaud breed 
rabbits were homogeneously allocated by weight in 12 cages with 3 males 
and 3 females per cages in order to reflect commercial practices. Tempera-
ture was set at 20°C and humidity level at 37%. Rabbits were fed up to 2.5kg 
live body weight (4 weeks), a commercial feed ad libitum, with free access 
to water.
Slaughter. One group was sacrificed every 2-3h in a separated room by ex-
cision of the jugular vein after proper stunning using a non penetrating cap-
tive bolt pistol. Blood lactate was measured using a lactate scout analyzer 
(EKF Diagnostics, Lactate scout +, Cardiff, Wales, UK) at exsanguination. 
Full stomach was collected and weighted. A sample of the Longissimus lum-
borum (LL) muscle was also harvested and immediately frozen at -80oC for 
the analysis of the glycolytic potential (GP).
Statistical analysis. To determine the effect of fasting time, data were as-
sessed by analysis of the variance (ANOVA) using the MIXED procedure of 
SAS software. Significant difference was declared at P<0.05.
Results
Blood lactate was only affected at 0h (P=0.051; Fig 1). Since this is a short-
term stress response [3], this high concentration might be explained by the 
disturbance, at the beginning of the fasting period, when the feeders were 
removed. Blood lactate remained relatively stable for the other groups.
Stomach weigh decreased as the fasting time increased (P<0.001; Fig 2). 
Reducing stomach volume is important to prevent the release and spread of 
microbial contamination at evisceration.
The GP reached a maximum of 152µmole/g between 3-6h (P<0.001; Fig 3). 
During the fasting period, GP was lower and higher than the reported values 

for pale, soft and exudative (PSE) pork (161µmole/g; [4]) and dark, firm and 
dry (DFD) beef (71µmole/g; [5]), respectively.
Microbial shedding (Proteobacteria, Enterobacteriacea, etc.) related to fast-
ing is currently under study.
Conclusion
Our results indicate that, without the effect of transportation to a slaughter 
facility, fasting does not have a major effect on blood lactate concentration 
and Longissimus lumborum GP. Optimal fasting period for rabbit is estimated 
at 12±2h.
Acknowledgements
This research was carried out with the financial support of the Programme de 
soutien à l’innovation en agroalimentaire, a program derived from the Growing 
Forward agreement between the Ministère del’agriculture des pêcheries et de 
l’alimentation du Québec (MAPAQ) and Agriculture and Agri-Food Canada. 
The Syndicat des producteurs de lapinsdu Quebec was also a partner in this 
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FIGURE 3  
Longissimus lumborum glycolytic potential (GP) according to fasting 
time. 
 
 
 
 
 
 

 
FIGURE 2  
Rabbit stomach weight according to fasting time. 
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FIGURE 1.  
Blood lactate concentration according to the fasting time. 
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Prediction of myoglobin states using filter based reflectance measurements. (#383)

Erik Slinde, Daniel Osen, Bjørg Egelandsdal
Norwegian University of Life Sciences, Faculty of Chemistry, Biotechnology and Food Science, Ås, Norway

Introduction
Minolta instruments have become very popular as a simple measurements 
tool for color. Typically the variables L*, a*, b* are given both in research 
and more applied reports. However, the variables L*, a*, b* are difficult to 
interpret in terms of oxymyoglobin (oxyMb), deoxymyoglobin (deoxyMb) 
and metmyoglobin (metMb) changes that are more informative. The AMSA 
guidelines (1) suggest four wavelengths as adequate for Mb state determi-
nation, namely 474, 525, 572 and 610 nm. Minolta CM-700d measures 40 
wavelengths, at 10 nm intervals. We have used reflectance spectra to predict 
Mb states using the method published by Bjelanovic et al (2). This method 
does not use isobestic points but simply make use of all spectral readings 
available. Our work was carried out to determine how accurate Minolta CM-
700d would predict Mb states.
Methods
Pure states for predictive model generation: Three M. Semimembranosus from 
3 animals were sliced (2.5 cm thickness) and prepared into oxy-, deoxy- and 
metMb using high oxygen, vacuum packaging and chemical transformation 
(immersion in 1% potassium ferric cyanide) according to AMSA guidelines 
(1). Minolta CM-700d spectrophotometer (400 - 700 nm) was calibrated ac-
cording to the manual. The spectra, 128 per Mb state, were collected at 16°C 
with meat covered with a transparent EVOH film.
Application of predictive model for monitoring the effect of additives:All meat 
samples were made and packed at a commercial company Norfersk AS 
(Hærland, Norway). Color stabilizing solutions were added to minced meat 
(Table 1). The meat samples were 300 g, shaped into 2 hamburger “patties”, 
and packed in black plastic trays sealed with transparent film (OTR 24cm3/
m2 per 24 h, 0% R.H., 1 bar, LID1050/LID 2050 Lidstock, modified atmo-
sphere). The effect of the additives was monitored over 16 days. Each sample 
was prepared 3 times and measured 3 times at 3 different places. The total 
number of spectra acquired was 1944.
Statistics: The  spectra were subjected to multiplicative scatter correction 
(MSC, Unscrambler X10.3). MSC is a pre-processing method commonly 
used in order to decrease the challenges with scaling and offset (baseline) 
effects due to light scattering, and thereby corrects the signal to noise due to 
differences in the light path. Following MSC, predictive models for myoglobin 
states were calculated using partial least square regression with full cross 
validation. These models were used to predict the influence of the additives 
(Table 1) on Mb  states. Differenences between additives  were  assessed 

with ANOVA and Tukey as post hoc test. 
Results
Generation of predictive models: Table 2 shows that the error dropped to 
0.06-0.08 for the Mb states when MSC was applied. Figure 1 shows that de-
spite the relatively large prediction error for Mb states (Table 2), the curves 
in Figure 1 were relatively smooth indicating a robust prediction of changes 
in Mb states. In addition, the sum of states for the samples with 0.5 % NaCl, 
0.5% NaCl with Purasal S (lactate) and 0.5 % NaCl with Addcon (succinate/
glutamate) were 0.975±0.078 (mean± std. dev.), 0.960±0.095, 0.980±0.029, 
respectively. The sum would be 1.0 without any analytical errors. OxyMb was 
the only state that sometimes was predicted as negative and then the min-
imum value was -0.055. Negative predictions are possible with our method 
since all three predictions are done with independent models. We did not 
remove any outliers (See Table 2, left figure). However, we know that the 
prediction error can drop to about 0.05 or below (Bjelanovic et al., 2013) us-
ing similar type of samples for calibration but ithen with instrumentation with 
higher resolution. In that context the data in Figure 1 are rather impressive.
The predictive model used to differentiate between possible color stabilizers: 
Systems (meat from a cattle 5 day post mortem) with 0.5 % NaCl added were 
maximally reduced (91.2 % deoxyMb after 3 days) and then the amount of 
deoxyMb started to decline. The same optimum was observed for Purasal 
S, but the deoxyMb fraction declined less rapidly. Addcon reached a de-
oxyMb fraction of 0.930 already after 1 day. However, its fraction of deoxyMb 
declined at a rate intermediate between only NaCl addition and Purasal S 
plus 0.5 % NaCl. The reason for these differences is that Addcon substrates 
act directly on the electron transport chain, while Purasal S. using sodium 
lactate as active ingredient produced reducing equivalents more slowly. Ad-
dcon would require lower oxygen diffusion films than used in our experiment. 
The difference in absolute amount of additived between Purasal S and Ad-
dcon may also matter.
Conclusion
Minolta CM-700 d gave useful prediction models of Mb states with error 
0.06-0.08. The models were relevant for elucidating differences between col-
or stabilizing agents
References 
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Umami in Pork after Chilled Transportation (#384)

Tania M. Ngapo
Agriculture and Agri-Food Canada, Saint Hyacinthe, Canada

Introduction
In an earlier pork study, it was observed that after chilled transport (43 d, 
−1.7°C), sweeter taste, stronger caramel flavour and a greater number of sen-
sory notes were detected by trained panel and higher taste liking by con-
sumers than in pork for the domestic Canadian market (5 d, 3.1°C) (Ngapo et 
al, 2012a,b). Nishimura et al (1988) suggested that the gradual breakdown of 
the myofibrillar protein structure during ageing results in the generation of 
peptides and amino acids that change flavour. Indeed, dry-cured meat prod-
ucts have higher concentrations of protein breakdown products than their 
fresh meat counterparts due, in part, to the extended ageing process (Alfaia 
et al, 2004). Some of these protein breakdown products include L-glutamate, 
inosine monophosphate (IMP) and guanosine monophosphate (GMP) which 
are components of umami. Consequently, dry-cured meat products are rich 
in umami, a basic taste of importance to the Japanese consumer. Chilled 
meat is not cured, but like dry-cured meat products, undergoes an extended 
ageing process. The aim of this study was to evaluate umami and its evolu-
tion in chilled Canadian pork destined for the Japanese market.
Methods
Meat: Loins from 40 pigs were collected on-line from a commercial abattoir.
Ageing/chilling: At 48 h p.m., loins were cut into 7.5 cm sections.  One section 
was a 0 d control, one was held at 4.0°C (±0.3°C) for 5 d and four were held 
at a mean core meat temperature of −1.7°C (±0.1°C) for 13, 28, 43 and 58 d 
ageing. After ageing, loin sections were portioned, vacuum-packaged and 
stored at -40ºC until required.
Chemical analyses: Free amino acids (FAA) were extracted according to 
Hughes et al (2002) and determined by RP-HPLC using a Waters AccQ∝Tag 
kit. Nucleotide extraction and analyses were according to Ryder (1985) using 
RP-HPLC.
Equivalent umami concentration (EUC): Estimated according to Chiang et al 
(2007).
Statistical analyses: Analysis of variance (ANOVA) using the MIXED pro-
cedure of SAS (2007). Significant differences determined using LSEMANS 
statement and Bonferroni option.
Results
Free amino acids (FAA): All FAA increased with increasing ageing at chilled 
temperatures (P∝0.001). Generally the concentrations in samples aged 5 d at 
4.0°C were greater than at 0 d (control) and were not significantly different 
from that at 13 d chilled ageing (P>0.05). Total FAA increased with increasing 

chilled ageing time (P∝0.001).   Total FAA of the samples aged 5 d at 4.0°C 
was between the FAA concentrations at 13 and 28 d chilled ageing.
Nucleotides: Concentrations of CMP, UMP, IMP and GMP decreased with 
increasing ageing time, whereas XMP increased and no pattern of influence 
of ageing time on AMP was apparent. The total nucleotide concentration 
decreased with ageing time, largely a consequence of IMP concentration, 
which was from four to ten-fold the combined concentrations of the other 
nucleotides.
Umami: The equivalent umami concentration (EUC) was highest in the meat 
samples stored 5 d at 4.0°C (P∝0.001; Table 1). Only after 43 d chilled ageing 
was the EUC not significantly different than that of the sample aged 5 d at 
4.0°C (P > 0.05). However, at 58 d chilled ageing, the EUC was again signifi-
cantly lower than that of the sample aged 5 d at 4.0°C.
Conclusion
While umami was estimated by Komata (1969) as the sum of glutamic and 
aspartic acids, a more complex equation was derived by Yamaguchi et al 
(1971) to estimate the equivalent umami concentration (EUC). This equation 
incorporates the same two amino acids, as well as four nucleotides. Given 
that most of the nucleotides in the current study decreased with increasing 
ageing period, the resulting values and trends of the EUC differ from umami 
estimates based solely on concentrations of glutamic and aspartic acids. 
In particular, the relatively high concentration of IMP greatly influenced the 
EUC and illustrates that simple umami estimates based on glutamic and as-
partic acids are potentially flawed.
A lack of differences in the EUC between the domestic (5 d at 4.0°C) and 
export (43 d at -1.7°C) ageing conditions demonstrates that Canadian pork 
supplied chilled to Japan has the equivalent umami content of the fresh 
counterpart. Umami is not a taste in itself but impacts on other flavours upon 
attaining a threshold concentration. At the low levels observed, it is unlikely 
that the threshold has been achieved. Even if attained, the EUC may not be 
sufficiently high that it would be perceived in its effect on other flavours and 
other compounds may be of greater importance in this type of low tempera-
ture chilled meat ageing.
References
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P-09-29 

The “spaghetti meat” myopathy influences the composition and functionality of broiler breast meat (#403)

Giulia Tasoniero, Hong Zhuang, Brian Bowker
USDA, Agricultural Research Service, U.S. National Poultry Research Center, Athens, US

Introduction
Spaghetti meat (SM) is an emerging myopathy observed in the Pectoralis 
major muscles of large, fast-growing broilers. The SM abnormality is charac-
terized by the breast muscle exhibiting excessive muscle fiber bundle sep-
aration on the skin-side surface. This results in a soft/mushy breast fillet 
with a stringy consistency that cannot be used as an intact muscle product. 
Relatively little is known regarding the effects of the SM myopathy on breast 
meat quality. The purpose of this study was to investigate the effects of the 
SM myopathy on the composition and functionality attributes of chicken 
breast meat.
Methods
Broiler breast fillets (30 normal, 30 SM) were collected from the deboning line 
of a commercial processing plant at approximately 3 h post-mortem on two 
separate trial days. Fillets were weighed, packaged, and stored overnight 
at refrigerated temperatures. Breast fillets selected for this study exhibited 
neither the white striping nor woody breast myopathies. At 24 h post-mor-
tem, fillets were reweighed, measured for color and pH, and portioned hor-
izontally into superficial (SUP) and deep (DEEP) portions. The SUP and 
DEEP portions were evaluated for proximate composition, collagen content, 
salt-induced water uptake, protein solubility, and emulsifying properties. 
Myofibrillar and sarcoplasmic protein fractions were isolated and subjected 
to SDS-PAGE analysis. Data measured on the intact fillets were analysed 
as a one-way ANOVA using a mixed model with muscle condition (normal, 
SM) as a fixed effect and trial day as a random effect. Data measured on 
portioned fillets were analysed as a two-way ANOVA using a mixed model 
that included muscle condition, portion (SUP, DEEP), and their interaction as 
fixed effects and individual bird and trial day as random effects.
Results
Compared to normal fillets, SM fillets were heavier (normal = 483 vs SM = 
564 g, P<0.0001) and exhibited greater drip loss (normal = 1.22% vs SM = 
1.44%, P<0.05) despite having a higher ultimate pH (normal = 5.84 vs SM = 
5.99, P<0.0001). Minimal color differences were observed between normal 
and SM fillets. With regards to proximate composition there was a significant 
interaction between muscle condition and fillet portion. The DEEP portions 

of normal and SM fillets exhibited similar proximate compositions. However, 
the SUP portions of SM fillets exhibited greater moisture (normal-SUP = 
75.6% vs SM-SUP = 76.8%, P<0.01), lower protein (normal-SUP = 22.1% vs 
SM-SUP = 20.3%, P<0.0001), greater fat (normal-SUP = 1.2% vs SM-SUP 
= 1.8%, P<0.05), and lower ash (normal-SUP = 1.13% vs SM-SUP = 1.01%, 
P<0.05) compared to normal fillets. Soluble and insoluble collagen contents 
were similar between normal and SM fillets. However, collagen contents 
were greater in the SUP portion of the fillets compared to the DEEP portion 
(soluble: SUP = 1.34 vs DEEP = 1.09 mg/g muscle, P<0.0001; insoluble: SUP 
= 3.78 vs DEEP = 3.28 mg/g muscle, P<0.0001). Salt-induced water up-
take was not significantly different between normal and SM fillets (normal = 
67.6% vs SM = 53.7%, P = 0.1864). Myofibrillar protein solubility was lower in 
SM fillets than normal fillets (normal = 142 vs SM = 124 mg protein/g muscle, 
P<0.001). Sarcoplasmic protein solubility was greater in the DEEP portion of 
the fillet than the SUP portion (DEEP = 84.9 vs SUP = 82.3 mg protein/g 
muscle, P<0.0001) but was not significantly influenced by muscle condition 
(P = 0.1876). The emulsion stability of myofibrillar proteins extracted from 
the SUP portion was lower in SM than normal fillets (normal-SUP = 17.4 vs 
SM-SUP = 14.7, P<0.01), but similar in the DEEP portion of the fillets. The 
emulsion stability of extracted sarcoplasmic proteins was greater in normal 
fillets (normal = 18.3 vs SM = 16.9, P<0.05). SDS-PAGE analysis indicated 
that the protein profiles of the myofibrillar and sarcoplasmic protein fractions 
of the Pectoralis major were similar between normal and SM fillets with only 
minor differences in protein banding patterns and relative band densities.
Conclusion
These data indicate that the SM myopathy alters the proximate composition 
and some of the functionality attributes of broiler breast meat. The SM my-
opathy had a more severe impact on the superficial portion of the Pectoralis 
major muscle than the deep portion. Observed differences in functionality 
attributes were more likely due to differences in the total amount of mus-
cle proteins relative to tissue weight rather than differences in the inherent 
properties and profiles of the muscle proteins. Further research is needed to 
determine if the observed differences in SM are enough to impact the tech-
nological and quality attributes of further-processed meat products.
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Color and Oxidative Stability of Goat Meat in Overwrap, Vacuum, and Nitrite-Embedded Packaging (#404)

Trent D. M. Dugas, Chaoyang Li, Kenneth W. McMillin
Louisiana State University Agricultural Center, School of Animal Sciences, Baton Rouge, US

Introduction
Color is a major influence on consumer purchases of meat, particularly for 
goat meat, with preference for a lighter color. At this time, most goat meat 
is not sold in self-service retail display, which limits the shelf life and avail-
ability to many consumers, particularly those who purchase meat in large 
supermarket stores. This study investigated the color, lipid oxidation, and 
protein oxidation of goat M. Longissimus lumborum packaged in air-perme-
able, moisture-impermeable polyvinylchloride film, barrier vacuum pouches, 
and barrier vacuum pouches embedded with sodium nitrite crystals.
Methods
Boneless loins from 24 Savannah and Savannah-Kiko doe and wether kid 
goats were identified after slaughter and held in vacuum pouches for 7 days 
at 4°C to represent time from processing plant to the store. The loins were 
randomly assigned to three packaging treatments of overwrapping of polyvi-
nylchloride film around a Styrofoam tray with an absorbent pad (OWP), vac-
uum packaging in nylon-polyethylene  pouches (VAC), and vacuum pack-
aging in barrier film with 145 mg/m2 NO2 (NO2), then cut into 1.9 cm thick 
M. Longissimus lumborum (LL) slices and two slices were placed into each 
package. Packages were randomly placed in a 4 vertical shelf retail self-ser-
vice display case with 4°C and cool white fluorescent lights at 2,017 lumens 
24 hours a day and rotated once per day during 12 days of retail display.
At 0, 3, 6, 9, or 12 days of retail display, 8 packages of each treatment were 
randomly selected for measurement of surface L*, a*, and b* on LL slices 
from each treatment with a spectrophotometer (aperture 10.32 mm, illumi-
nation type D65, optical geometry 45°, observer angle 2°). Three readings 
per location at three locations were averaged for a final color reading for 
each sample. After color measurement, samples were vacuum packaged in 
nylon-polyethylene vacuum pouches and stored at -20°C until analysis of 
oxidation.
Frozen samples were defrosted at 4°C overnight. Lipid oxidation was deter-
mined by aqueous acid extraction of thiobarbituric acid reactive substances 
(TBARS) and reported as malondialdehyde. Protein oxidation of LL mus-
cles were determined after homogenization in phosphate buffer and protein 
precipitation with 10% trichloroacetic acid followed by addition of 10 mM 

2,4-dinitrophenylhydrzine (DNPH) and overnight holding. Ethanol/ethyl ace-
tate solution was added in successive washing cycles with pellet dissolution 
with 6 M guanidine-HCl in 20 mM phosphate buffer (pH 6.5). A plate reader 
measured the absorbance at 280 nm and 370 nm.   The amount of hydro-
lyzed protein was calculated as Chydrazone/CProtein = A370/ 22000M-1Mcm-
1*(A280-A370*0.43)*106.
Results
The L* value (lightness) was lowest (P<0.05) for samples in VAC packag-
ing and the a* value   (redness) of LL was lowest (P<0.05) for samples in 
the NO2 packaging when compared with slices in the other two packaging 
treatments on day 0. By day 3, the nitrosomyoglobin pigment of LL in NO2 
packaging had changed color to a brighter red. L* values were not different 
with packaging treatment after the first day. The a* values were greater for 
samples in NO2 packaging (18.0 and 16.2) than in OW (12.4 and 14.4) and in 
VAC (14.2 and 13.5) on days 9 and 12 of display. Similar results for color of 
LL were obtained with b* (yellowness) values of  13.5 and 12.6 for NO2, 10.7 
and 9.2 for OWP, and 8.4 and 8.4 for VAC after 9 and 12 days of retail dis-
play, respectively. The L* and b* values from the present study were greater 
while the a* values were similar to those previously reported for goat meat 
in overwrap and vacuum packaging. Lipid oxidation in samples did not differ 
from day 0 until day 9, but goat meat in OWP had greater oxidation (P<0.05) 
at 1.4 mM/L malondialdehye than in the other two package types (0.5 mM/L 
in VAC and 0.4 mM/L in NO2) on day 12. Protein oxidation was measured on 
days 0 and 12. The low sample numbers prevented statistical comparisons, 
but numerical values of nmol/mg protein of LL samples in VAC (32.3) and in 
NO2 (37.4) were much less than for LL in OWP (100.8 mol/mg protein).
Conclusion
The VAC and NO2 packaging delayed lipid oxidation during 12 days of retail 
display and NO2 packaging caused desirable red color of goat meat when 
the film was in direct contact with the meat surface. The NO2 packaging 
appeared to be the preferred method of displaying goat meat for retail dis-
play and sale in a self-service meat case for extended time periods. Further 
studies should be done to analyze the characteristics of goat meat in differ-
ent packaging after freezing and thawing, as might be done by consumers.
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P-09-31 

Availability of human homologous dietary microRNAs in cooked beef (#415)

Francine M. Giotto1, Levi W. Evans2, Brad S. Ferguson2, Amilton S. de Mello1

1 University of Nevada, Reno, Department of Agriculture, Veterinary, and Rangeland Sciences, Reno, US; 2 University of Nevada, Reno, Department of Nutrition, Reno, US 

Introduction
Nutritional values of beef are usually associated to its major components 
such as fat, protein, vitamin and mineral content. However, the emerging 
role of food-derived compounds on nutritional epigenetics has revealed the 
importance of studying microRNAs (miRs) availability in foods. MiRs are a 
group of small non-coding RNA molecules that are able to control the ex-
pression of protein-coding genes in mammals during normal development 
and in response to disease. Once ingested, miRs have the potential to elicit 
biological effects via canonical binding to human messenger RNA targets 
leading to biological responses that may affect body homeostasis. In our 
study we investigated the survival of miRs during aging and after cooking to 
estimate their dietary availability.
Methods
Samples were collected at the University of Nevada, Reno USDA-inspected 
commercial harvest and processing facility (Wolf Pack Meats). Part of the m. 
longissimus coli was excised from two (n=2) angus cross bred steers 15 min 
post-mortem. While a small aliquot of tissue weighing approximately 1 gram 
was immediately flash-frozen in liquid nitrogen (-196°C) after the muscle was 
excised (day 0), the remaining sample was divided in three and aged for 7 
(one subsample) and 14 days (two subsamples). After aged, tissues were ex-
cised from subsamples aged for 7 days (day 7) and 14 days (day 14). The third 
subsample was sous vide cooked for 1 hour at 71oC prior to tissue excision 
(14 CK). Tissues obtained from all subsamples were also flash-frozen until 
analysis could be made. Total RNA was extracted and isolated from samples 
via Triazol extraction and quantified via spectrophotometry on the NanoDrop 
1000 (Thermo Scientific, USA). RNA was reverse transcribed to cDNA using 
mi Script II RT Kit (Quiagen, Germany) in a thermocycler for 60 minutes at 
37oC, 5 minutes at 95oC, and 4oC. The expression of miRNAs (miR 17-5, 19a, 
19b, 20a, 23a, 24, 206) was evaluated by real-time PCR (qPCR) for samples 
aged for 0, 7, 14 days, and for cooked samples aged for 14 days.
Results
Expression of miRs are presented in Figure 1. For miR 17-5 and 20a expression 
decreased about 26% and 19% 14 days post mortem. After cooked, a total of 
32% and 39% of each miR was still present in beef. For miR 19a and 19b, a two-
fold post mortem overexpression was observed 14 days post mortem. Survival 
amounts of both miRs after cooking were similar (40%). For MIRs 23a, 24, and 
206, post mortem overexpression was 70%, 27% and 46% whereas survival 
amounts after cooking were 40%, 37%, and 56% respectively.

Conclusion
All homologous miRs evaluated in this study remained present in cooked 
tissue from 32 to 56% of the total previously identified on day 0. It was known 
that miRs are relatively stable and resistant when compared to RNAs. Low 
expression of miR 17-5 and 20a was possibly observed due to the decrease 
of cell activity post mortem. Overexpression of miRs 19 was possibly asso-
ciated to apoptosis mechanisms and muscle tenderization. The miR 19a is 
a biomarker for calpastatin regulation regulating the CAST gene whereas 
miR 19b regulates the PDCD6 gene, associated to programmed cell death. 
The miR 23a participates in the regulation of muscle proteins mainly myosin 
(MYH1 and MYH2 genes) and programmed cell death (PDCD4 gene), as well 
as the miR 206 that regulates the PDCD10 gene. Independently to what post 
mortem mechanisms miRs are involved, they remain available after cooking. 
Further research will be necessary to evaluate their nutritional effects



Notes

65th International 
Congress of Meat Science 
and Technology

707

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Figure 1
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Effect of age on muscle fiber composition, intramuscular connective tissue and tenderness of goat meat during 
cold storage (#416)

Allah Bakhsh1, Ishamri Ismail1, Sabikun Nahar1, Se Jin Lee1, Eun Yeong Lee1, Young Hwa Hwang1, Seon Tea Joo1, 2

1 Gyeong Sang National University, Division of Applied Life Science (BK21+), Jinju, South Korea; 2 Gyeong Sang National University, Institute of Agriculture & Life Science, Jinju, South Korea

Introduction
Korean native goats have been raised as a domestic stock in Korea about 
2,000 years ago. The Korean Native black goats are known as healthy food, 
but still, the consumption is not trendy among Koreans. Consumers prefer 
meat obtained from animals slaughtered at a young age because it is be-
lieved that the younger animals yield more tender meat than older. The aging 
method is one of the oldest methods used to enhance the meat tenderness 
of tough meat cuts. Hence, the objective of the current study was to evaluate 
the effects of postmortem aging on young and old goat quality characteris-
tics during cold storage.
Methods
The experiment was carried out by following procedures approved by the 
Gyeongsang National University Institutional Animal Care and Use Commit-
tee. A total of ten Korean native black goats were selected and divided into 
two groups old goat (OG) seventeen months (n=5) and young goat (YG) 
nine months (n=5). All analyses were conducted on the longissimus dorsi 
(LD) muscle. Approximately 30 min after slaughtering, LD muscle were ex-
cised from the right and left side of carcasses, consequently vacuum packed, 
and stored at 4°C for 1,7, 14, and 21 days in cold room for analysis of pH, col-
or, Warner-Bratzler shear force (WBSF), water-holding capacity, sarcomere 
length, myofibrillar fragmentation index (MFI), and perimysium thickness.
Results
A significant downward trend was observed (P < 0.05) in WBSF values from 
1 to 21 d of cold storage (Fig. 1a). Regardless of aging, OG had higher (P < 
0.05) WBSF values than YG in LD muscle. As common rule advancing in 
aging time lead to an increase in tenderness and tenderization was higher in 
the older animal due to the higher activity of the proteases. Current results of 
sarcomere length (Fig. 1b) which describe that sarcomere length increases 
markedly with advancing of the aging period particularly after day 7 of post-
mortem storage while OG and YG have no difference in sarcomere length 
after 21 day of storage. MFI is a valuable indicator of the degree of myofibrillar 
protein degradation. Present findings confirmed that the MFI of LD muscle 
increased with aging time which is in tandem with reducing shear force val-
ues. Irrespective of storage, the MFI values in YG was significantly higher 
than OG throughout postmortem storage (Fig. 1c). The perimysium thickness 
of OG was significantly higher (P < 0.05) as compared to the YG while the 
postmortem aging time has no effect on perimysium thickness as show in f 

(Fig. 2). Differences in muscle fiber number % and fiber area % of OG and YG 
are shown in Fig 3. The similar trend can be seen in muscle fiber number % 
and muscle fiber area% with no difference in type IIB. However YG has lower 
muscle fiber number type I and muscle fiber area type I as well as higher in 
type IIA in comparison to OG. Muscle fiber area % type I, type IIA and type 
IIB are highly correlated to perimysium thickness and shear force values. 
MFI has a good correlation to fiber no type I, fiber area type I and type IIB. 
On the other hand fiber no types I, type IIB and fiber area type I and type IIB 
has a fair correlation to redness (a*) value.
Conclusion
From the current study, it can be concluded that aging had a more signif-
icant effect on overall meat quality than animal age. Tenderness improved 
with the aging time throughout postmortem storage from 1 to 21 days due 
to proteolytic activity, which evidence by MFI values. However, sarcomere 
length has influenced on WBSF after day 7 of cold storage. Age of the ani-
mal significantly influence the shear force values with young goat presented 
lower toughness due to lower perimysium thickness as compared to an old 
goat. Other parameters such as redness values have a strong correlation 
with fiber no and fiber area type I and type IIB.
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Fig. 1. Warner-Bratzler shear force 
(A); sarcomere length (B); myofibrillar fragmentation index (C) 
during postmortem storage. Error bar represent standard error. (OG: 
old goat; YG: young goat). 
 

 
Fig. 2. Thickness of perimysium during postmortem storage at differ-
ent ages of goat. 
(OG: old goat; YG: young goat). Bar = 200 μm. P = thickness of per-
imysium; E = endomysium. 
 

 
Fig. 3.  
Fiber number% and fiber area% of LD muscle in Korean Native black 
goat. Error bar represent standard error. (OG: old goat; YG: young 
goat).
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Change of meat quality and bioactive compounds in Korean native black goat meat during cold storage (#418)

Hye-Jin Kim, Dongwook Kim, Hee-Jin Kim, Jinwoo Cho, Aera Jang
Kangwon National University, Department of Animal Life Science, Chuncheon, South Korea

Introduction
Korean native black goat (Capra hircus coreanae) is the indigenous goat 
breed in Korea. Goat meats are known as rich source consisting of lower 
cholesterol and fat contents and higher contents of calcium and iron. How-
ever, there are limitations in research for evaluating bioactive compounds of 
Korean native black goat (KNBG) meat and its quality change during stor-
age. Therefore, the aim of this study was to evaluate the meat quality and 
bioactive compounds of KNBG loin, and change of these properties when 
stored at 4ºC.
Methods
The loin meat (Longissimus dorsi) from five KNBG was obtained from lo-
cal slaughterhouse in Korea after 24 h postmortem. The loin meat was cut 
at 1 cm of thickness, and each pieces were stored on the styrofroam tray 
wrapped with low-density polyethylene film for 15 days at 4ºC. To evalu-
ating the change of meat quality, the pH, meat color, aerobic plate counts 
(APC), E.coli/coliform, and volatile basic nitrogen (VBN) were measured on 
every experimental day (day 1, 5, 10, and 15). APC and E.coli/coliform were 
performed using 3M Petrifilm (St.Paul, MN, USA). The VBN content was an-
alyzed by the microdiffusion method using a Conway unit. The contents of 
creatinine, creatine, carnosine and anserine were measured using high-per-
formance liquid chromatography. All data were analyzed by one way ANOVA 
using SAS program (version 9.4). Statistical difference among samples were 
performed Tukey’s test at p < 0.05. The results were expressed as mean 
value and standard error of means (SEM).
Results
The initial pH value of KNBG loin was 5.92 and the pH value of it had in-
creased up to 6.27 at day 15 (p < 0.05) as shown in Table 1. When meat pH 
value reaches more than 6.20, meat begins to be spoiled. The initial CIE L* 
(lightness), CIE a* (redness), and CIE b* (yellowness) value of KNBG were 
decreased during storage (p < 0.05, Table 1).
Increased pH was highly related to the growth of the microorganism in meat. 
As shown in Table 2, APC of KNBG loin was increased from 2.17 Log CFU/g 
on day 1 to 7.16 Log CFU/g on day 15 (p < 0.05). Meat is considered as spoil-
age if the APC is 6.7 Log CFU/g. On day 15, KNBG loin was considered as 
spoilage. VBN is one of the indicators of freshness, with higher VBN value 
more than 20 mg/100 g is considered as spoiled. In this study, initial VBN 
content of KNBG loin was 7.25 mg/100 g and increased during storage (p < 
0.05, Table 2), and reached at 18.80 mg/100 g on day 15.

Creatinine, creatine, carnosine, and anserine content of fresh KNBG loin 
was 2.71, 184.35, 54.12, and 55.00 mg/100 g, respectively (Table 3). In this 
study, creatinine content increased while creatine content decreased during 
storage (p < 0.05). Carnosine and anserine contents in KNBG loin were re-
mained until day 10, however, they were dropped on day 15 at 43.28 and 
44.32 mg/100 g, respectively (p < 0.05).
Conclusion
This is a novel study to evaluate the change of meat quality and bioactive 
compounds of KNBG loin. When KNBG loin was stored at 4ºC in aerobic 
condition, it can be accepted as fresh and safe until day 10. Bioactive com-
pounds in the KNBG loin remained until day 10, however, it was decreased 
on day 15. These results can be used as primary data for characteristics of 
KNBG loin.
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Table 3. Bioactive compound contents of Korean native black goat loin 
during storage 
a-c Means within a row with different superscript differ significantly 
at p < 0.05. 
 
 
 

 
Table 2. Aerobic plate counts and E.coli/coliform of Korean native 
black goat loin during storage 
a-d Means within a row with different superscript differ significantly 
at p < 0.05.,ND, not detected. 
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Table 1. Change in pH and meat color of Korean native black goat loin 
during storage 
a-c Means within a row with different superscript differ significantly 
at p < 0.05.
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Ultrasound-assistant sodium bicarbonate enhance the curing efficiency and tenderness of chicken breast meat 
(#419)

Guoyuan Xiong, Xiaoyi Fu, Dongmei Pan, Luyang Xia, Xuejuan Jiang, Jun Qi
Anhui agricultural university, Anhui Engineering Laboratory for Agro-products Processing, Hefei, China

Introduction
Curing is a widely used method in processing and preservation of meat and 
meat products to enhance meat quality, flavor, etc. However, there are a 
number of problems in the uneven distribution of salt, a long curing times 
in marinated meat. Therefore, the purpose of this paper is to investigate the 
effect of ultrasound-assisted curing with sodium bicarbonate on chicken 
breast.
Methods
Fifteen chicken breast meat (Huaibei hemp chicken, which were slaughtered 
by and obtained from Liulaoer Fuliji red-cooked chicken Co. Ltd. (Suzhou, 
Anhui, China), trimmed off all visible connective tissue, fat and skin) were 
randomly selected and evenly divided into three groups. WC group, chicken 
breast meat was marinated with solution A (6% salt) at 4 °C for 90 min. NC 
group, chicken breast meat was marinated with solution B (6% salt and 2% 
sodium bicarbonate) at 4 °C for 90 min; NUC group, chicken breast meat 
was marinated with solution B at 4 °C for 10 min, then marinated for 50 min 
under ultrasound (20 KHz, 300 W), next marinated for 30 min without ultra-
sound at 4 °C.
Results
The marinade absorptivity and chloride content of chicken breast meat us-
ing different curing methods were shown in Fig. 1. Compared with WC group, 
chloride content of NC group and NUC group increased by 8.44 % and 30.57 
%, respectively. This might be caused by the addition of HCO3- increased 
the ionic strength and the interaction between molecules to change the pro-
tein network structure, resulting in an increase of mass transfer. Further-
more, the cavitation of the ultrasound produced negative pressure, which 
promoted the marinade absorptivity increased to 11.10%.
The NC and NUC group significantly increased the myofibrillar fragmen-
tation index (MFI) (P < 0.05) (Fig. 2). It was likely that the charge of chick-
en protein increased after adding alkali solution. Protein was dissociated 
and degraded, resulting in increase of MFI. Moreover, the ultrasound had a 
strong physical destructive effect, which could destroy the spatial structure 
of the protein and further caused partial protein degradation.
Changes of microstructure of chicken breast were shown in Fig. 3. A quite 
compact fiber structure in WC group was observed in Fig. 3 A. NC group 
showed there was a clear gap between the adjacent muscle bundles of 
chicken breast tissue in Fig. 3 B. As for NUC group, the gap further in-

creased by ultrasound (Fig. 3 C). This phenomenon could be explained as 
that, ultrasound promoted the separation of muscle membrane by changing 
protein structure, which improved the curing effect.
Conclusion
Ultrasound-assisted  curing with sodium bicarbonate can significantly im-
prove the curing efficiency of chicken breast meat.
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Fig. 1 Effects of different curing methods on marinade absorptivity and 
chloride of chicken breast  
Note: different letters in the same column indicate significant differ-
ences (P < 0.05), the same below. 

 

 
Fig.3 Effects of different curing methods on microstructure of chicken 
breast  
Note: A showed the WC, B showed the NC, and C showed the NUC with a 
magnification of 1200 times.
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Fig 2:  
Effects of different curing methods on MFI of chicken breast  
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Wooden breast myopathy on water-holding capacity, rheological and gelling properties of chicken broiler breast 
batters (#440)

Yulong Zhang, Xinglian Xu, Changbo Tang, Peng Wang, Zhen Li, Tianjiao Zhao
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
Wooden breast condition, characterized by hardened areas, pale and ridge-
like bulges at the caudal end, raised increasing concerns in poultry industry 
[1]. This meat was downgraded in poultry industry for commonly manufac-
turing processed products to result in economic loss [2]. Studies showed 
that raw wooden breast fillets exhibited poor water-holding capacity (WHC) 
and bad hardness [3]. This could be related to histological structure, which 
revealed that wooden breast presented muscle fiber fragmentation, myofibril 
swelling, necrotic muscle fiber replacement with connective tissue, and in-
terstitial connective tissue accumulation [4]. Moreover, wooden breast also 
exhibited different composition and protein functionality. As wooden breast 
myopathy worsened, chicken broiler breast exhibited poorer water-holding 
capacity, harder areas of raw meat and textural properties [1,5]. This study 
aimed to investigate the effect of the severity of wooden breast myopathy on 
water-holding capacity, rheological and gelling properties of chicken breast 
batter, which was used to provide a theoretical basis for an effective applica-
tion of wooden breast in meat industry.
Methods
Broiler breast selection and preparation of meat batter 
and gels  Chicken breast fillets were assessed as normal, mild, moderate 
and severe according to the criteria of Tijare et al. [6], and were cut into two 
parts: cranial part with the removal of visible fat and connective tissues for 
meat batter; caudal part that was discarded. Cranial parts of normal, mild, 
moderate and severe wooden breasts were minced at 4000 rpm, 10 s (3 
times) for meat batters using HM100 Knife Mill, which were labelled as Nor-
mal, Mild, Moderate and Severe, respectively.
Meat batter was injected into 50-mL centrifugal tubes and heated for 30 min 
in a 70oC water bath to obtain meat gels. Thereafter, the color, water distri-
bution, texture and light microscopy were analyzed.
Water-holding capacity   Simply, breast batter was packaged and 
heat-treated to an internal temperature of 70oC in a 70oC water bath. Cook-
ing loss was calculated based on difference in weight of meat batter before 
and after cooking.Breast batter was frozen at -24oC in a refrigerator for 24 
h. After 24 h, the samples were thawed at 4oC until they were completely 
thawed. After the removal of water from meat batter surface, thawing loss 
was calculated as the difference in weight of meat batter before and after 
thawing.

Dynamic rheological measurement  Dynamic rheological mea-
surement was conducted according to Kang et al. [7]. Rheological mea-
surement was carried out within the linear range at a strain of 0.25% and a 
constant frequency of 1 Hz. The probe was set with the gap of 0.5 mm. The 
edges of all batter samples were covered with paraffin oil to prevent dehy-
dration. Heating was performed from 20°C to 85°C at a scan rate of 2°C min-1 
using a temperature control unit. The storage modulus (G′) and loss modulus 
(G″) were recorded during the measurements.
Light microscopy  Small samples were cut from meat gels, and light 
microscopy of meat gels was carried out using Carl Zeiss microimaging 
(Carl Zeiss, Germany).
Results
Water-holding capacity
Cooking loss of severe wooden breast batter was significantly higher than 
that of moderate wooden breast batter (P < 0.05), but no significant dif-
ference was observed between mild and moderate wooden breast batters. 
Thawing loss of wooden breast batters showed no significant difference be-
tween each other. Compared to that of normal breast batter, the cooking loss 
and thawing loss of wooden breast batters significantly increased (P < 0.05). 
As wooden breast myopathy worsened, the water-holding capacity gradu-
ally decreased, revealing that the water-holding capacity of meat batter was 
related to composition and microstructure of meat batter.
Dynamic rheological property
The storage modulus of all meat batters gradually decreased from 20oC to 
50oC. The G′ of meat batters reached the peaks at the range of 50oC to 55oC. 
From 56.3oC to 71.2oC, the G′ of meat batters sharply increased, indicating a 
gel-forming network structure formed. Afterward, the changes of G′ might be 
due to release and denaturation of proteins in muscle. The G′ of meat batter 
reduced both at the beginning and the end of heating treatment as wooden 
breast myopathy worsened. The lower elasticity of meat during heating was 
related to lower protein content, affecting the gel network and protein matrix 
formation. The changes in G″ for both wooden and normal meat batters were 
similar to those in their G’ up to about 75oC. It demonstrated that wooden 
breast meat batter had lower viscosity than normal meat, and the G″ of meat 
batter reduced as wooden breast myopathy worsened.
Light microscopy
Meat gels of normal breast showed tight structure and large small bubbles in 
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number. As wooden breast myopathy worsened, meat gels of chicken breast 
revealed loose structure and many big bubbles.
Conclusion
The incidence of wwooden breast myopathy influenced water-holding, rheo-
logical and gelling properties of breast batters. As wooden breast myopathy 
worsened, water-holding, rheological and gelling properties of breast batters 
gradually reduced, affecting the quality of breast batter and processing.
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Figure 2  
Microscopic structures of  batter gels from chicken breasts under 
wooden breast conditions 
 
 
 
 
 
 

 
Figure 1  
Rheological properties of chicken broiler breast batters under wood-
en breast myopathy 
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Proteolysis and texture characteristics in dry-cured loin from different pig breed (#443)

Jin-Kyu Seo1, Jonghyun Go1, Han-Sul Yang1, 2

1 Gyeongsang National University, Division of Applied Life Science (BK21 Plus), Jinju, South Korea; 2 Gyeongsang National University, Institute of Agriculture and Life Science, Jinju, South Korea

Introduction
The proteolysis plays a major role in the final product quality of the dry-cured 
meat, and it was affected by various factors such as animal breed, muscle 
type, and processing condition1. In the processing of dry-cured meat, the 
key enzymes of proteolysis were cathepsin and calpain, and such activity 
was determined by water activity, pH, and salt content in the product during 
processing2,3. Numerous previous studies have attempted to demonstrate 
the interrelationship between proteolysis and dry-cured meat4,5. However, 
most of the studies are concentrated on dry-cured ham, and few types of 
research have been done on dry-cured loin according to pig breed. The ob-
jective of the study was evaluated to proteolysis and textural characteris-
tics on dry-cured loin from different pig breeds (Berkshire, BER; commercial 
crossbreed, LYD) through comparison of moisture content, pH, texture char-
acteristics, and total free amino acid (TFAA) content.
Methods
All pigs were maintained according to Korean standard feeding for swine 
and pigs were slaughtered at six-month-old (final weight of 110 kg). The six 
pork loins were obtained through two pig breeds and the half from Berkshire 
and the rest from crossbreed (LY×D). The visible fat and connective tissue 
of all pork loins were eliminated, and it was adjusted as 2.5 kg for each pork 
loins. The dry-cured loins from different pigs breed were manufactured by 
the same procedure. All loins were covered with sufficient seasoning mixture 
(salt, nitrite, and sugar) and left for 72 hours at 4°C. After rinsed the surface 
with tap water, the dry-ripening step was carried out for 30 days at 12°C at a 
relative humidity of 65-75%. The data were analyzed using the PROC ANO-
VA procedure with Duncan’s multiple range test (p<0.05).
Results
The moisture content, pH, TFAA, and texture characteristics of dry-cured 
loins were presented in Table 1. The dry-cured loins had significantly affect-

ed by pig breed in moisture content, water activity, hardness, and TFAA 
(p<0.05), and BER was higher than LYD in values of the items. According 
to the previous studies, cathepsin D, B, H, and L were the main enzymes 
in proteolysis of dry-cured ham, and those were affected by moisture con-
tent, water activity, and pH during dry-cured processing2,3. Followed to the 
results, high water content and water activity showed more activation for 
cathepsin B and H than low water content and water activity. Therefore, 
high activity of cathepsin led to more break down of proteins, and the more 
generated amino acid could be due to those phenomena in dry-cured meat. 
Also, proteolysis was very important for the formation of texture, taste, and 
flavor6. Additionally, the Harkouss et al. (2015) were reported that moisture 
content and hardness were shown to the positive relationship in dry-cured 
ham, and our results also showed the same results.
Table 1. Physicochemical properties on dry-cured loin according to the pig 
breed
Animal Moisture (%) Water activity pH TFAA (mg/100g) Hardness (N) Cohesiveness

BER 55.42A 0.86A 5.78 6512.58A 17.28B 0.51

LYD 50.85B 0.81B 5.75 4716.33B 20.30A 0.55

SEM 0.67 0.02 0.02 276.42 1.63 0.04

p-

value

0.006 0.007 NS <0.001 0.002 NS

A-DMeans with different superscript capital letters in a column within each 
treatments differ significantly (p<0.05).
Conclusion
This study presented that dry-cured loin collected from Berkshire was high-
er in proteolysis and was lower in hardness compared with dry-cured loin 
collected from the commercial crossbreed. Therefore, Berkshire could be 
more suitable for the manufacture to dry-cured loin caused by the sensory 
advantage of total free amino acid and hardness.
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P-10-05 

Relationship Between Meat Color And Lipid Oxidation In Fresh Beef Patty With Clove Extract During Cold Storage 
At 4°C (#445)

Jonghyun Ko1, Md. Ashrafuzzaman Zahid1, Jin-Kyu Seo1, Parvin Rashida1, Han-Sul Yang1, 2

1 Gyeongsang National University, Division of Applied Life Science (BK21 Plus), Jinju-si, South Korea; 2 Gyeongsang National University, Institute of Agriculture and Life Science, Jinju-si, South Korea 

Introduction
Beef patty is a favorite and widely consumed meat product as fast meals re-
garding the quick growing consumer demand for fast food owing to extreme 
development of life style [1]. The oxidative reaction prompts alteration of lip-
ids in meat during processing and storage and, consequently, associates in 
change of nutritional composition, evolution of toxic compounds, and reduc-
tion of shelf life [2]. It is then essential to diminish the lipid oxidation by admix-
ing antioxidants as additives into meat and meat products for maintaining the 
highest quality at storage time. Clove extracts (CE) obtained from total buds 
of clove have been broadly investigated to have outstanding antioxidant activ-
ities in meat and meat products. Thus, the objectives of study were to assess 
meat color and antioxidant effects of CE in fresh patty.
Methods
Fresh beef patties were prepared in the Laboratory of Meat Processing. The 
patties contained basic formulation followed by 90.8% beef lean meat, 8% 
beef tallow, and1.2% salt. Two kinds of beef patties were made based on the 
subsequent formation: 1) without CE (control), 2) added with 0.1% CE. Beef 
patties were shaped by utilizing a handheld patty-maker (90 g/patty). These 
were packaged individually in a polyethylene pack which was sealed by ap-
plying a sealing machine. Then these patties were stored at 4°C for 1 and 10 
days of refrigerated storage and, therefore, the total experiment was carried 
out to evaluate CIE color value, lipid oxidation, and sensory properties of fresh 
beef patties. The data were analyzed using the PROC ANOVA procedure with 
Duncan`s multiple range test (p<0.05).
Results
Table 1. Results of color (redness, hue angle) and sensory evaluation (discol-
oration) in fresh beef patty with CE during cold storage
Items Storage time

(days)

Treatments1) SEM3)

Control CE

Redness (a*) 1 21.19A 19.66A 0.37

10 8.89Ba 13.31Bb 0.38

SEM 0.95 0.53  

Hue angle2) (h) 1 34.47A 35.90A 0.31

10 55.88Ba 44.14Bb 1.00

SEM 1.63 0.70  

Discoloration 1 1.04A 1.15A 0.05

10 5.30Ba 4.02Bb 0.16

SEM 0.29 0.22  

1)Control: without antioxidant and dot line; CE: beef patty added with 0.1% 
clove extract.
2)Hue angle: h= tan-1(b*/a*)
3)SEM: standard error of mean. n=3.
a-bMeans with different superscript small letters in a row within each treat-
ments differ significantly (P<0.05).
A-BMeans with different superscript capital letters in a column within at stor-
age time differ significantly (P<0.05).
At the beginning of storage, redness value of beef patties ranged from 19.66 
(CE) to 21.19 (Control) (Table 1). On day 10, the redness value was higher 
for CE sample compared to the control (p<0.05). Addition of CE was more 
effective in increasing redness value of fresh beef patties compared to the 
without CE control. On day 1, no significant difference in hue angle value 
was obtained between the control and CE. However, beef patties containing 
CE had significantly lower hue angle values than those of the control at the 
storage 10 days (p<0.05). In sensory evaluation, beef patties treated with 
CE had significantly lower score than control patties at 10 days storage time 
(p<0.05). Thus, CE influenced the color as a sensory characteristics in beef 
patties.
TBARS formation increased dramatically in the control over cold storage 
time from 1 to 10 days at 4°C. In addition, the TBARS value of CE significantly 
lower than the control during storage (p<0.05). CE was effective in protect-
ing beef patties from lipid oxidation. Color stability can be explained with the 
interaction of pigments with the products of lipid oxidation [3]. Natural anti-
oxidants help to inhibit lipid oxidation and degradation of meat pigments [4].
Conclusion
This study shows that the addition of CE to fresh beef patties slows lipid 
oxidation compared to control. Also, CE helps to stabilize the color of meat 
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products. Therefore it can be concluded that the CE can be successfully 
applied in order to extend the shelf life of fresh beef patties.
References
[1] Abdel-Naeem, H.H.S., & Mohamed, H.M.H. (2016). Improving the physi-
co-chemical and sensory characteristics of camel meat burger patties using 
ginger extract and papain. Meat Scienc, 118, 52-60.
[2] Falowo, A.B., Fayemi, P.O., & Muchenje, V. (2014). Natural antioxidants 

against lipid-protein oxidative deterioration in meat and meat products. Food 
Research International, 64, 171-181.
[3]. Li, S.J., Seymour, T.A., King, A.J., & Morrissey, M.T. (1998). Color Stabili-
ty and Lipid Oxidation of Rockfish as Affected by Antioxidant from Shrimp 
Shell Waste. Food Science, 63.
[4] Shah, M.A., Bosco, S.J.D., & Mir, S.A., (2014). Plant extracts as natural 
antioxidants in meat and meat products. Meat Science, 98, 21-33.

 
 

 
Changes of TBARS on fresh beef patties during cold storage at 4°C. 
Control: without antioxidant and dot line; CE: with 0.1% clove ex-
tract and dashed line.
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Assessment Of Breast Myopathy By Different Texture Devices (#446)

Maria M. Campo1, Leticia Mur2, Ana Guerrero1, Virginia C. Resconi1, Marta Barahona1, Jose L. Olleta1, Carlos Sañudo1

1 University of Zaragoza, Animal Husbandry and Food Science, Instituto Agroalimentario IA2, Zaragoza, Spain; 2 UVESA, Tudela, Spain

Introduction
Breast myopathy is an important quality problem that causes big econom-
ical losses in the poultry industry [1]. The development of modern broilers 
has provoked the appearance of three different myopathies in recent years: 
wooden breast (WB), white striping (WS) and spaghetti meat (SM), depend-
ing on the substitution of the muscle fibre by connective tissue, by adipose 
tissue or the disintegration of the structure, respectively [2,3]. The origin of 
these myopathies is being studied since they occur more often as the weight 
of the animal increases, but different husbandry strategies (feed presenta-
tion, nutritional composition) have being used without much success [3]. 
The aim of this study was to assess differences between degrees of breast 
myopathies in broiler with different texture devices.
Methods
Through five different trials, the meat quality of 300 broiler breasts has been 
assessed. Carcass breast yield and pH at the caudal portion of the left side 
were obtained at 24h after slaughtering, and the degree of WB, WS and 
SM was visually assessed on a 3 points scale (0, absence; 1, moderate; 2, 
severe) [4]. None of the breasts was found severe for SM. Then, both breast 
sides were vacuum packaged and kept at -18o C until texture analyses were 
performed. The left side was used for raw meat analyses and the right side 
for cooked meat analyses. In both cases, meat was thawed under vacuum 
conditions at 4o C for 24h. Cooking was performed in a water bath at 75o C 
until reaching an internal temperature of 70o C measured with an internal 
thermocouple, without vacuum but without direct contact between the meat 
and the water. Starting from the cranial part of the Pectoralis major muscle, 1 
cm-thick slices were obtained from each breast. In these slices, 1-cm2 sec-
tion parallelepipeds were obtained. In raw meat, they were analysed through 
a compression test with 1-cm2 contact surface, in which the muscle fibres 
can only expand longitudinally [5]. In cooked meat, a Warner-Bratzler device 
was applied, in both cases with an INSTRON 4301. Some of the parallelepi-
peds were used to obtain 1-cm3 samples, analysed in both, raw and cooked 
meat, with a Texture Profile Analysis (TPA) in a TA-XT2i, with the direction 
of the compression force perpendicular to the direction of the fibres, as hap-
pened in the previous texture analyses. A General Lineal Model was used 
with SPSS 22.0 to assess differences in texture variables in the different 
tests, with the degree of myopathy as a fixed effect and trial as a block effect. 
Duncan test has been used to find differences between mean values.
 

Results
The degree of wooden breast increases as the slaughter weight increases 
and, together with white striping, as the breast carcass yield increases (Ta-
ble 1). A modified compression test in raw meat [5] has been widely used 
in beef meat to assess the contribution of the muscle fibre (at 20% of com-
pression rate) or the connective tissue (at 80% of the compression rate) 
to the hardness of the meat [6]. The highest degree of WB showed higher 
resistance at both 20 and 80% of compression rate, which implies that both 
muscle fibre and connective tissue are tougher with the increase of this my-
opathy. However, this device has not found differences between degrees of 
white striping. On the other hand, although with a low number of observa-
tions, spaghetti meat would show no affection of the muscle fibre but a low 
integrity of the connective tissue that would reduce the resistance at high 
compression rates.
Although it is a widely used texture procedure, Warner-Bratzler shear force 
has not been able to find differences between degrees of WB when meat is 
cooked, probably because after cooking, most of the connective tissue that 
causes this problem has solubilised, considering that the fast growing rate of 
broilers promotes the formation of soluble collagen that is a main part of the 
connective tissue. A tendency (P=0.09) was observed in the highest degree 
of WS to show lower shear force, probably due to the higher lipid content 
that might contribute to a higher tenderness.
The influence of cooking in reducing differences between degrees of myop-
athies is evident when TPA has been used. In raw meat, hardness increased 
in wooden breast and cohesiveness decreased in both WB and WS with the 
highest degree of myopathy. However, in cooked meat, only cohesiveness in 
WB could be differentiated between degrees of myopathy.
Table 1. Carcass quality, pH and texture characteristics of broiler breast with 
different degree of myopathies by different texture devices.
Conclusion
Analysis of raw breast texture gives better differentiation of myopathy de-
grees than cooked breast meat. A modified compression device gives reli-
able results of the contribution of both fibre and connective tissue to the final 
texture of the breast when analysing myopathies.
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Table 1. 
Carcass quality, pH and texture characteristics of broiler breast 
with different degree of myopathy by different texture devices .
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The use of flight speed as predictor of pre-slaughter stress and consumer eating quality in pasture finished beef 
cattle (#452)

Kate Loudon1, David Pethick1, Rod Polkinghorne3, Garth Tarr2, Graham Gardner1, Peter McGilchrist1, 4, The authors would like to thank Meat and Live-
stock Australia for funding the research.
1 School of Veterinary and Life Sciences, Murdoch University, Murdoch, Australia; 2 School of Mathematics and Statistics, The University of Sydney, Sydney, Australia; 3 Birkenwood Pty Ltd, Murrurundi, 
Australia; 4 School of Environmental and Rural Science, University of New England, Armidale, Australia

Introduction
Pre-slaughter acute stress and adrenergic depletion of muscle glycogen re-
sulting in a high ultimate pH (>5.7) ‘dark cutting’ carcass, has a detrimental 
impact on beef meat quality (Tarrant, 1989; Ferguson et al., 2001). Meat Stan-
dards Australia (MSA) developed pre-slaughter eligibility protocols which 
penalises stressful pathways however the penalty is placed on the group as 
a whole which ignores an individual’s difference in their response to stress. 
There is currently no commercial pre-slaughter biomarker to identify which 
individuals are at highest risk of resulting in poor beef quality. The industry 
ideal would be to identify at risk animals prior to slaughter, via a non-invasive 
tool, to enable remediation to the affected animal thus improving meat qual-
ity. Cattle with excitable temperaments are known to have increased adren-
ergic and contraction linked glycogenolysis when stressed (Grandin, 1993). 
Flight speed (FS) has been demonstrated to be an accurate instrument to 
measure temperament and excitability (Vetters et al., 2013). It is hypothe-
sised that animals with increased FS will have decreased muscle glycogen 
and increased acute stress plasma metabolites (glucose, L-lactate) and 
muscle damage enzymes (creatinine kinase (CK), aspartate transaminase 
(AST)) at slaughter.  
Methods
Pasture raised British breed beef cattle (n=488) from eight commercial 
properties in two geographical locations in Tasmania (King Island (KI) and 
north-western mainland (TAS)) supplied an even split of heifer and steer 
slaughter cattle. Three weeks prior to slaughter cattle were weighed and FS 
recorded via dual laser beams with infra-red receptors as the animal was re-
leased from the crush. The first sensor was positioned 1metre from the crush 
exit. The distance between the two sensors ranged from 1,760 to 6,250cm 
due individual yard layout. FS was calculated as time required to travel di-
vided by distance in metres per second (m/s). All cattle were slaughtered at 
the same processing plant. Transport of experimental cattle was via typical 
commercial pathways, sea transport for KI and via saleyards for TAS. On 
arrival at the abattoir cattle were divided into two slaughter groups, direct 
slaughter or rested in pasture holding paddocks next to lairage for 14days 
rest prior to slaughter.
Blood was collected during exsanguination and analysed for stress metabo-

lites glucose, L-lactate, CK & AST using methodology described in Stewart 
et al (2018). A core sample of m. lonissiumus thoracis was taken approximately 
40minutes after death for muscle glycogen concentration by the method-
ology described in Gardner et al (Gardner et al., 2001). The day following 
slaughter carcasses were graded to MSA requirements using the methodol-
ogy described in Loudon et al (2018).
Statistical analyses were performed in R (R Core Team, 2018). CK and AST 
exhibited skewness so natural logarithms were applied and analyses un-
dertaken using transformed data. Correlation analysis was performed using 
Pearson correlation coefficients. FS, muscle and plasma metabolites were 
analysed using linear mixed effects models via lme4 R package (Bates et 
al., 2014) with transport type and kill group as fixed effects and property of 
origin as a random term.
Results
Expected paired correlations existed, glucose and lactate were strongly cor-
related, as were AST and CK. The metabolite with the strongest correlation 
to muscle glycogen was CK (P<0.001, r= -0.52, r2 = 0.27). The correlation 
between FS and CK was 0.17 with an associated r2 value of 0.03.
On multivariate analysis FS was significantly associated with lactate and 
glucose in both locations (P<0.01). Higher means were seen KI, a one meter 
per second increase in FS raised lactate by 0.90 ± 0.26mmol/L and glu-
cose by 0.34 ± 0.10mmol/L, whilst in TAS lactate was increased by 0.47 ± 
0.19mmol/L and glucose by 0.24 ± 0.07mmol/L. Muscle damage enzyme 
indicators were significantly associated with FS (P<0.01). A 1meter per sec-
ond increase in FS raised plasma CK by 14 ± 5% and AST by 6% ± 3% in KI 
however in TAS only CK was significant, an 8 ± 4% increase with a 1meter 
per second faster flight time.
Conclusion
Contrary to our hypothesis, there was no association between FS and mus-
cle glycogen. This result supports that of Coombes et al (2014) where FS was 
associated with increased muscle and plasma lactate but not with muscle 
glycogen. The CK and FS association suggests cattle with flightier temper
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aments have increased muscle exertion in the pre-slaughter period. Whilst 
it is not clear as to why there was no association with muscle glycogen, CK 
may be influencing beef eating quality irrespective of muscle glycogen and 
ultimate pH. Café et al (2011) demonstrated increased FS was associated 
with slower pH decline and increased shear force on objective meat quality 

analysis and Loudon et al (2019, unpublished) demonstrated increased CK 
reduced consumer eating quality scores independent of ultimate pH. Further 
investigation is required to tease apart the influence of CK on meat quality 
to determine if FS would be a useful non-invasive tool in detecting at risk 
animals.
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Addition Of Algae In Pig Feed: Influence On Technological Quality And Composition Of Meat And Offal (#456)

Aurélie Promeyrat1, Antoine Vautier1, Thierry Lhommeau1, Alain Le Roux1, Olivier Biannic2

1 IFIP, The pig research institute, LE RHEU, France; 2 OLMIX GROUP, BREHAN, France

Introduction
Recent studies showed a real potential of algal as a source of bioactive com-
pounds with a wide range of biological activities like antioxidant, antiviral, 
anticancer, anticoagulant and anti-hyperlipidemia activities [1]. In farm, algae 
extracts progressively emerges as a new generation of natural ingredients 
that improve in addition to immune function, the animal health [2]. But, what 
are the effects of such supplementation on meat and offal intended to human 
consumption? The study aim to assess the impact of the algae addition in 
pork feed on the technological quality of meat, its composition, including 
nutritional compounds in offal.
Methods
Two batches of 150 and 100 pigs, from Piétrain sires were slaughtered in De-
cember 2017 (1st measure) and in September 2018 (a repeat) at Jean Floc’h 
slaughterhouse (Loudeac Viande, France). Half of them received a basal diet 
(Control group) or a supplemented diet with algae for the other half (Algae 
group). The pH1 (30 min. post mortem (pm)) and ultimate pH (pH 24 hours 
pm) were measured on Semimembranosus (SM).
Ultimate pH was also taken on Longissimus Dorsi (LD). Meat colour was eval-
uated at 32h pm on LDwith a CR-400 colorimeter (Konica Minolta, Japan) 
and samples were removed for drip loss (Fig.1). Drip loss was measured ac-
cording to EZ method [3] and PSE-like zone classification, was performed 
according to IFIP scale on the inside of deboned ham [4]. Samples of LD, 
liver and pork casing were selected to the analyses: humidity, protein, lipid, 
magnesium (Mg), zinc (Zn), vitamins B12 and B6. The effect of algae was 
assessed on the quality traits and composition using the GLM procedure 
(SAS Institute, USA). The FREQ procedure was applied on PSE-like zone 
class data.
Results
Results showed a significant effect of algae supplementation on pH1: mean 
value for the algae group was higher from 0.06 pH units (Table 1). This effect 
could indicate a lower susceptibility of algae group to the development of 
PSE default. No significant effect was observed on ultimate pH, L* drip loss 
and strong PSE-like zone defect frequency.
Algae supplementation did not change the level of lipids and proteins (Tab. 
2). But, the algae addition increased the magnesium level in LD and pork 
casing (+4% and +15%). Zinc amount in LD from algae group was 8% higher 
than control group. These effects were probably due to the higher rates of 
minerals in feed supplemented in algae. Interesting results were observed 

on group B vitamins. LD and liver arise from animals supplemented had sig-
nificant higher content in B12 than those to the control group (+ 26% and 
+37%). Similar effect was observed on B6 vitamin in LD muscle.
Conclusion
An algae supplementation slightly improves the pH1 that could probably re-
duce the susceptibility of pork to the development of PSE but, we did not 
find this difference on the drip loss values. Composition of LD was enhanced 
by algae supplementation with higher level in mineral and group B vitamins. 
Same trends were observed on magnesium content in liver and in pork cas-
ing.
References
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tivities and Molecular Characteristics of Sulfated Polysaccharides from 
Marine Green Algae in Recent Years. Marine Drugs 12 (9): 4984–5020.
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the PI3K/Akt Signalling Pathway via TLR4 to Induce Intestinal Cytokine 
Production. Algal Research (28): 39–47.
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Table 1: Effect algae on meat quality. 
1: class 1=no defect; class 2=slight defect; class 3= deep defect on 
Semimembranosus; class 4= deep defect on several muscles (incl. SM) 
 
 
 

 
Table 2:  
Effect of algae supplementation on the composition. 
 
 
 

 
Fig. 1:  
Measurements on LD muscle.
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Changes Of Nitric Oxide Synthase In Postmortem Beef (#458)

Qin Hou, Wan G. Zhang, Guang H. Zhou
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
Nitric oxide synthase (NOS) catalyzes the five electrons transfer of argi-
nine to produce arginine and nitric oxide (NO) which is considered to be the 
main source of endogenous NO in postmortem muscles [1]. This reaction 
requires a range of cofactors, including oxygen molecules, reduced coen-
zyme II (nicotinamide adenine dinucleotide phosphate), flavin mononucle-
otide, flavin adenine dinucleotide, calmodulin, tetrahydrobiopterin and heme 
[2]. The endogenous generated NO can modify the sulfhydryl sites of protein 
cysteine resulting in protein S-nitrosylation [3]. NO and NO-mediated Pro-
tein S-nitrosylation are possibly involved in postmortem aging by regulating 
energy metabolism, calpain system, calcium release and apoptosis [2]. In 
order to further study the contribution of NO and protein S-nitrosylation to 
the fresh beef quality, it is necessary to study the biochemical changes of 
NOS in postmortem beef. The activity of NOS has been detected in various 
animals including chicken, turkey, trout, and pork [4]. However, studies on 
NOS changes in postmortem beef have not been reported. Therefore, this 
study aimed to investigate the activity, the expression and the location of 
NOS in bovine semimembranosus muscle (SM) during postmortem aging.
Methods
Five bovine SM muscles were obtained from the right side of carcasses with-
in 45 min post-slaughter and aged for 14 d at 4 °C under vacuum packaging. 
At 0 (45 minutes post-slaughter), 1, 3, 7 and 14 d, the myofibrillar proteins 
were extracted to determine the activity and expression of NOS. The activity 
of NOS in bovine SM was measured according to the procedure of NOS 
activity assay kit (Nanjing Jiancheng Company, Nanjing, China). Then the 
protein concentration of myofibrillar proteins was determined and adjusted 
to 8 mg/ml with the buffer (0.1 M NaCl, 0.1% CHAPS, and 5 mM HEPES, pH 
6.5). Western blotting was employed in the measurement of neuronal NOS 
(nNOS) content following the report of Liu et al. [5]. In addition, five SM sam-
ples (0.5 cm×0.5 cm×1 cm) were cut parallel to the muscle fiber and immedi-
ately frozen in liquid nitrogen. The 8 μm slices were obtained perpendicular 
to the myofiber and fixed by 4% paraformaldehyde for 4 h. Then SABC-Cy3 
immunohistochemical staining kit (SA1074, Wuhan Boster Company, Wuhan, 
China) was used to assay the distribution of nNOS. The data analysis was 
conducted by One-way analysis of variance (ANOVA) and Duncan’s multi-
ple-range test (P<0.05).
Results
The activity of NOS in bovine SM myofibrillar protein is presented in Table 1. 

The results showed that bovine SM muscle retained NOS activity through-
out the 14 d of postmortem storage. The activity of NOS at 0 d was 0.8 nmol/
mg protein and then decreased significantly at 1, 3 and 7 d (P<0.05). No 
significant differences were observed between 7 d and 14 d (P>0.05). This 
finding differed from the earlier reports that NOS activity in pork, chicken 
and trout was only detected at the early period of storage [4]. Differences 
in animal species were possibly responsible for the inconsistent results. In 
addition, it is inferred that the differences in NOS activity might result in the 
varied NO production which potentially affects postmortem biochemistry to 
regulate fresh meat quality.
The nNOS is regarded as the major isoform of NOS in skeletal muscle [6]. As 
shown in Figure 1, a 160 kDa band of nNOS was detected in bovine SM mus-
cle. Compared to 0 d, the relative content of nNOS in SM muscle decreased 
significantly at 1, 3, and 7 d (P<0.05). Especially at 7 d, the content of nNOS 
decreased by approximately 64% compared to 0 d. There were no significant 
differences in nNOS content between 7 d and 14 d (P>0.05).
Immunofluorescence results showed that relatively strong and uniform 
nNOS fluorescence was observed along with the cell membrane of bovine 
SM (Figure 2). A recent study indicated that the distribution of nNOS with 
the sarcolemma was essential for functional nNOS signaling in dystrophic 
muscles [7]. Mislocalization of nNOS in skeletal muscle could lead to fibro-
sis and muscular dystrophy [1]. Very few fluorescent spots were observed 
in the cytoplasm of bovine SM. This cytoplasmic distribution promotes the 
interaction of NO with S-nitrosylation-related proteins [8]. In addition, higher 
fluorescence intensity was observed in the cell membrane at 1 d of postmor-
tem storage (Figure 2A) compared to the negative control (Figure 2D). The 
fluorescence intensity decreased at 3 d (Figure 2B) and almost disappeared 
at 7 d (Figure 2C). These results indicate that nNOS in bovine SM is degrad-
ed gradually during postmortem aging.
Conclusion
The current study demonstrated for the first time that bovine SM muscle 
retained NOS activity during 14 d of postmortem storage. NOS activity and 
nNOS content decreased gradually within 7 d of storage. In addition, the dis-
tribution of nNOS in the sarcolemma and cytoplasm suggests that NO may 
be involved in muscle metabolism and play a potential role in the regulation 
of meat quality.
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Table 1 Nitric oxide synthase (NOS) activity in beef semimembranosus 
muscle during postmortem aging 
Note: Values are expressed as mean ± standard error. Different let-
ters indicate significant difference at P<0.05 (n=5).



Notes

65th International 
Congress of Meat Science 
and Technology

730

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Figure 2 Localization of nNOS in beef semimembranosus muscle 
during postmortem aging 
Note: “A-C” shows immunostaining of nNOS at 1, 3, and 7 d of stor-
age while “D” is the negative control; The magnification of images is 
400×. 
 
 

 
Figure 1 Representative graph of western blot of nNOS and its relative 
content in postmortem beef  
Note: Values are expressed as mean ± standard error. Different let-
ters indicate significant difference at P<0.05 (n=5).
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A cuts based ageing strategy for hot boned beef (#459)

Robin H. Jacob1, Cameron Jose2, Graham E. Gardner2

1 DPIRD, Livestock R&I, South Perth, Australia; 2 Murdoch University, College of Science, Health, Engineering and Education, Murdoch, Australia

Introduction
With hot boning (HB), primal cuts are removed from a carcase about 1 hour 
post slaughter before the onset of rigor and immediately prior to the onset of 
chilling. Compared to cold boning (CB) , done 24 hours later and after chill-
ing, hot boning is easier to do, improves meat yield and reduces the mass to 
chill (Pisula & Tyburcy, 1996). However, hot boned meat can be tough due to 
sarcomere shortening (White, O’Sullivan, Troy, & O’Neill, 2006) and is gen-
erally used for low value animals that have poor eating quality. Dry ageing 
improves tenderness so may be a way of improving the quality of selected 
cuts from hot boned carcases, to add value to these cuts.
Methods
Twenty four yearling Droughtmaster (Bos indicus) steers were fed on grain 
for 70 days then slaughtered in the one consignment at a commercial abat-
toir. Directly after slaughter the carcasses were subjected to one of 3 elec-
trical stimulation treatments (no stimulation, low and high stimulation).  The 
carcasses were stimulated with a low voltage nose to tail stimulation system 
(6ms pulse width, with 64ms pulse interval, 15.6 Hz, at 100V peak for 15 sec-
onds averaging 1.14A 0-peak), and applied for 15 seconds in the high stimula-
tion group and 5 seconds in the low stimulation group. Carcasses were split 
into sides and each side was allocated to one of 3 cutting treatments. The 
cutting treatments were:
1. CB whereby the carcasses were hung by the Achilles and boned after 

chilling
2. HB whereby striploins were removed pre-rigor and chilled on a rack.
The cutting treatments were distributed to the left and right side of the car-
cass evenly as well as being balanced within a carcass and electrical stimu-
lation groups.There were two ageing treatments wet and dry, both of which 
lasted for 28 days. For the wet treatment, striploins were vacuum packaged 
and kept at 2°C. For the dry treatment, a cool room with a temperature of 
1.80±0.041°C and relative humidity of 86.95 ±0.245% was used.The samples 
were cooked from frozen in vacuum bags in a water bath preheated to 70°C. 
From each sample, five 1 cm2 replicate samples were cut parallel to the ori-
entation of muscle fibres and WBSF was measured using a Warner Bratzler 
shear blade fitted to a Lloyd Texture Analyser with a 1000N load cell (TA-2, 
United Kingdom). Values are reported in newton’s (N).Statistical analyses 
were performed using Genstat version 18.0. REML analysis was conduct-
ed using a linear mixed model. The fixed effects were treatments; electrical 
stimulation (no, low & high), cutting method (CB & HB), and ageing method 

(Wet & Dry). Random effects were side (left or right) within carcase.
Results
There were significant effects (P<0.01) of both cutting and ageing treatments 
on Warner Bratzler shear force but no interaction between the two. There 
was no effect of electrical stimulation treatment on shear force (P>0.05). 
HB increased shear force compared to CB and dry ageing reduced shear 
force compared to wet ageing (Figure 1).The shear force values suggest that 
dry aging might overcome the negative affect of hot boning on tenderness. 
Hence striploins processed in this way are likely to be tender and acceptable 
to consumers for eating quality.
Dry ageing would normally be used for high value cuts and not in combi-
nation with a processing technique such as hot boning that is expected to 
reduce the eating quality of a carcase. However, hot boning might be used 
to reduce processing and chilling costs and improve yield at the carcase 
level. Followed by dry ageing to improve eating quality and financial value of 
the specific cut.  This approach could be appropriate in situations where low 
value animals are currently processed for the manufacturing market, such 
as pastoral cattle produced in the North West region of Western Australia.
The potential advantage of using these two processes together, would be to 
achieve the benefits whilst minimizing the negative effects of these two pro-
cesses, by adding value to specific cuts. In this way the ageing strategy will 
be determined by the potential value of the cut independently of the debon-
ing method. Further investigation is required to determine the acceptability 
to consumers and the commercial viability of such an approach.
Conclusion
Dry ageing reduced the shear force of striploin compared to wet ageing for 
a 28 day ageing period.
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Figure 1  
The effect of cutting  (CB , HB) and ageing  (Wet and Dry) treatments 
on shear force. 
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Plectin Degradation In Postmortem Pork (#464)

Xiao N. Tian, Wan G. Zhang, Guang H. Zhou
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
Previous studies have shown that degradations of key muscle proteins could 
contribute to the quality improvement of fresh meat [1-3]. Plectin, a well-
known member of plakin family, has been reported as an intermediate fila-
ments (IFs) based versatile cytolinker protein [4]. Plectin is competent to link 
many cytoskeletal elements especially IFs via the universal IF binding prop-
erties [5] and anchor them to specific cytoskeletal structures and cytoplas-
mic organelles by a unique isoform-specific targeting ability [4]. Therefore, 
plectin has been empowered a great influence in sustaining and strength-
ening the integrity of cytoarchitecture [5-7]. However, no studies have been 
published about the postmortem changes of plectin in meat. Thus, the cur-
rent study focused on investigating the degradation of pork plectin during 
postmortem aging.
Methods
The longissimus muscle (LM) from a total of 12 pig carcasses was aged at 
4°C for 0 h, 6 h, 12 h, 1 d, 3 d, 7 d and 13 d under vacuum package. Samples 
subjected to inhibitor were cut into small pieces (0.2 g/chop), submerged 
in working/control solutions at the ratio of 1:1 (wt/vol), shipped on ice and 
stored at 4°C for 1 d, 3 d, and 7 d. Application of calpain I and II inhibitor MDL-
28170 was performed as described by Walko et al [8] with slight modification. 
The inhibitor was dissolved in 100% dimethyl sulfoxide (DMSO) to prepare a 
25 mg/ml stocking solution following by the dilution with 0.01M PBS to ob-
tain a 100 µM working solution. The control solution was prepared similarly 
without inhibitor reagent. Statistical analysis for comparison in each group 
was performed by a one-way analysis of variance (ANOVA) and differences 
among individual means were assessed by Duncan’s multiple-range tests.
Results
In the present study, plectin was found to be significantly degraded during 
postmortem aging. As shown in Fig. 1, the amount of intact plectin was rapid-
ly reduced at the early postmortem aging (P < 0.05) and almost disappeared 
at d 3. Meanwhile, the degraded plectin under the intact band emerged at 
0 h and accumulated fast during the first 3 d aging (P < 0.05). However, the 
amount of this degraded product reduced between d 3 and d 13 (P < 0.05) 
indicating a further degradation of plectin during later stage of postmortem 
aging.
Comparing the control group (CG) and the calpain inhibitor treated group 
(CIG), immunoblotting showed pronounced larger content of intact plectin 
in CIG samples (Fig. 2) indicating that the degradation was inhibited in great 

degree by MDL-28170. The intact plectin intensity still reduced in CIG sug-
gesting that MDL-28170 decreased the rate of plectin degradation without 
completely stopping the plectin degradation. In terms of the degraded plec-
tin, significant differences were also detected (P < 0.05). CIG had more de-
graded plectin at d 1 and d 3, while less than CG at d 7 (P < 0.05). In addition, 
the degraded plectin in CIG turned to be greater from d 1 to d 7, while de-
creased in the control group, corresponding to the expression of degraded 
plectin before and after d 3. Double immunostaining of µ-calpain and plectin 
was performed which exhibited a highly consistent distribution along with 
Z-discs at both 0 h (Fig. 3 A and B) and 3 d (Fig. 3 C and D) of postmortem 
aging indicating the possible interactions of µ-calpain with both intact plec-
tin and the degraded plectin product.
Conclusion
The current study showed that plectin experienced a prominent and prompt 
degradation in pork during postmortem aging. The degradated plectin prod-
uct could be further cleaved after 3 d aging. The degradation of plectin was 
remarkably inhibited by calpain inhibitor. The colocalization of plectin and 
µ-calpain further supported the potential role of µ-calpain in the degradation 
of pork plectin.
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Figure 3. Double immunofluorescence labeling of plectin and µ-calpain 
in pork at 0 h and 3 d  
Sections were stained with µ-capain (red) and plectin (green) rec-
ognizing all plectin isoforms at 0 h (A and B) and 3 d (C and D). 
Overlaps (yellow) of µ-capain (red) and plectin indicated the colo-
calization.
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Figure 2. Western blot analysis of plectin expression after incubating 
with calpain inhibitor 
The 50 μg total protein samples were loaded per lane. Standard was 
one of samples in postmortem muscle with clear and stable band and 
was loaded onto each gel. All measurements were expressed as the 
mean ± SE. Means with a, b and A, B, C superscripts differ signifi-
cantly at the same storage time and the same solution (P < 0.05, n = 
12).
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Figure 1. Western blot analysis of plectin expression in postmortem 
pork 
The 50 μg of total protein samples were loaded per lane. The rela-
tive contents of plectin at different time points were expressed as 
the ratio to intact/degraded plectin at 0 h postmortem, respective-
ly. All measurements were expressed as the mean ± SE. Means with 
different superscripts differ significantly (P < 0.05, n = 12).
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Calpain-2 is proteolytic active following calcium-induced binding to myofibrils (#478)

Jian Lyu, Per Ertbjerg
University of Helsinki, Faculty of Agriculture and Forestry, Department of Food and Nutrition, Helsinki, Finland

Introduction
The calpain system is believed to play an important role in meat tenderiza-
tion, but the regulation mechanism is not very clear. It has been reported 
that calpain-1 associates to and binds to myofibrils postmortem in beef [1] 
and lamb muscle, but the activity of bound calpain measured by 14C labeled 
casein assay was very low [2]. The binding process of calpains to myofibrils 
and the link to meat tenderization is currently not understood. The aim of this 
study was to determine the effect of calcium on calpain-2 binding to myo-
fibrils and how this process affects calpain activity as evaluated by desmin 
degradation.
Methods
Myofibrils and calpain-2 were isolated from 12 h postmortem pork longissi-
mus muscle as described by Zeng et al. [3]. To study the calpain-2 binding 
process, myofibrils were incubated with calpain-2 for 5 min, then 1 mM EGTA 
or 5 mM Ca2+ was added. Following centrifugation to sediment myofibrils, 
the activity of calpain-2 in supernatant was measured according to Zeng et 
al. [3]. Myofibril-bound calpain-2 activity was studied by observing desmin 
degradation. Myofibrils were washed to remove unbound calpain-2 and then 
incubated with 5 mM Ca2+ for 0, 0.5, 1 and 2 h. Western blot against desmin 
was conducted according to Liu et al. [4]. Each analysis was performed in 
triplicate. The significant differences between means (significance was de-
fined at P < 0.05) were evaluated by Tukey HSD test by the IBM SPSS Sta-
tistics 24 software.
Results
Calpain-2 was isolated and mixed with myofibrils. Following addition of 5 
mM Ca2+ a major fraction of calpain-2 became bound to myofibrils, whereas 
calpain-2 did not bind to myofibrils in the absence of Ca2+ (Fig. 1). The bound 
calpain-2 was not removed from myofibrils by washing. The exogenous cal-
pain-2 was thus tightly bound to myofibrils and it was proteolytic active as 
all the intact desmin was degraded following incubation at 25 °C for 2 h. In 
addition, endogenous desmin degrading enzymes, presumed to be calpain-1 
or calpain-2, were still bound to myofibrils after several washes (Fig. 2). Also 
Zeng et al. [3] reported that endogenous myofibril-bound calpain-2 degraded 
desmin during incubation with Ca2+. These results suggest that if the Ca2+ 

concentration during postmortem storage reach the level to autolyze cal-
pain-2 then the enzyme would not only become bound to myofibrils (Fig. 1), 
but also remain active long enough to degrade myofibrillar substrates such 
as desmin (Fig. 2). In contrast, previous report on myofibril-bound calpain-1 

suggested that the bound calpain-1 only has low proteolytic activity [2].
Conclusion
In vitro, in the presence of calcium, exogenously added calpain-2 binds to 
myofibrils and remains proteolytic active. These results provide new insight 
in the role of myofibril-bound calpain-activity during meat tenderization.
Acknowledgements
The authors thank the China Scholarship Council for the financial support.
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Fig. 2. Western blot of desmin after incubating myofibrils with Ca. 
Myofibrils were incubated with 5 mM Ca2+ at 25 °C for 0, 0.5, 1, 2 
h, respectively. Lane 1: Myofibrils (MF); lane 2-5: Exogenous myofi-
bril-bound calpain-2 activity; lane 6-9: Endogenous myofibril-bound 
enzyme activity. 
 
 
 

 
Fig. 1. Ca induces binding of calpain-2 to myofibrils. 
Myofibrils and calpain-2 were mixed and 1 mM EGTA or 5 mM Ca2+ were 
added. After centrifugation, the calpain-2 activity remaining in the 
supernatant was determined. The value of activity was given as means 
± standard deviation. Superscripts with different letters differ (P < 
0.05).
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Influence Of pH On Soluble Myosin Heavy Chain In Early Postmortem Porcine Skeletal Muscle (#489)

Elizabeth Zuber, Amanda Outhouse, Matthew Schulte, Edward Steadham, Elisabeth Huff-Lonergan, Steven Lonergan
Iowa State University, Animal Science, Ames, US

Introduction
This research aims to evaluate the contribution of protein profile in early 
postmortem (PM) muscle to fresh pork quality. Previous studies [1] have 
found myofibrillar proteins, such as myosin [2] were re-localized in the sol-
uble fraction. A difference in water-soluble muscle protein profile at 45 min 
postmortem (Fig. 1) has been observed. A primary difference was the pres-
ence of myosin heavy chain (MHC) at approximately 200 kDa, demonstrat-
ing that conditions [3] of skeletal muscle early postmortem could impact the 
fate of MHC. Therefore, the objective of this study was to understand the 
relationship between the abundance of soluble MHC in early PM muscle and 
pH decline as well as fresh pork quality and value.
1. C. Li, G. Zhou, X. Xu, K. Lundström, A. Karlsson, R. Lametsch (2015) 

Phosphoproteome analysis of sarcoplasmic and myofibrillar proteins in 
bovine longissimus muscle in response to electrical stimulation. Food 
Chemistry, 175: 197-202

2. S. K. Matarneh, M. Beline, S. L. Silva, H. Shi, D. E. Gerrard (2018) Mito-
chondrial F1-ATPase extends glycolysis and pH decline in an in vitro 
model. Meat Science, 137: 85-91

3. Y. H. Brad Kim, R. D. Warner and K. Rosenvold (2013)Influence of high 
pre-rigor temperature and fast pH fall on muscle proteins and meat 
quality: a review. Animal Production Science, 54: 375-395

Methods
Pigs (n=47) were fed a commercial corn and soybean diet, and were har-
vested at approximately 125 kg using standard industry procedures. Lon-
gissimus muscle (LM) was sampled and pH was measured at 45 min PM. 
Drip loss was determined on chops between 1 and 3 d of storage. At the 
completion of aging (14 d), fresh chops were used to determine color score, 
pH, cook loss, and star probe (kg) values. Proteins from 45 min and 1 d 
samples were solubilized in a low ionic strength buffer (50 mM Tris–HCl, 1 
mM EDTA, pH 8.5), fractionated on non-reducing 8% SDS PAGE gels, and 
abundance of soluble MHC was determined using western blots. Primary 
antibody concentrations of 1:1,000 α-myosin (2F7; Developmental Studies 
Hybridoma Bank) and secondary antibody concentration of 1:10,000 goat 
anti-mouse (A2554; Sigma) were used [4]. Densitometry was used to quan-
tify soluble MHC (200 kDa) in LM samples from 45 min and 1 d PM. A pooled 
whole muscle reference sample, aged 14 d, was loaded on each gel and used 
to normalize abundance of soluble MHC. Loins were categorized based on 
abundance of soluble MHC at 45 min PM: low MHC (LMHC, n=23) and high 

MHC (HMHC, n=24) groups. Statistical analysis was done using GLM pro-
cedure of SAS 9.4 with fixed effect of MHC classification group.
4. K. B. Carlson, K. J. Prusa, C. A. Fedler, E. M. Steadham, E. Huff-Lonergan, 
S. M. Lonergan (2017) Proteomic features linked to tenderness of aged pork 
loins. Journal of Animal Science, 95: 2533-2546
Results
Quality data from HMHC and LMHC classification groups are summarized 
in Table 1. A representative western blot is shown in Fig. 2. The pH of LM in 
HMHC was significantly greater than the LMHC group at 45 min PM. At 1 d 
PM, soluble MHC was not detected. Classification based on MHC solubility 
did not affect 14 d pH, cook loss, visual color score, drip loss, or star probe 
values. These results demonstrate that a greater abundance of MHC can be 
associated with a higher pH (pH>6.4) at 45 min PM. Amount of soluble MHC 
at 45 min had no affect on fresh pork quality characteristics.
Conclusion
These results demonstrate that the abundance of soluble MHC is dependent 
on rate of pH decline and a greater abundance may indicate slower metab-
olism. However, in this study there were no indications that classification 
based on soluble MHC in the early PM period could be utilized to predict 
fresh pork quality. While soluble MHC was not detected after the completion 
of rigor, early onset of rigor in PM metabolism could potentially be identi-
fied through the sarcoplasmic protein profile of skeletal muscle. Collectively, 
these observations show the connection between the rate of early PM pH 
decline on soluble MHC. The results suggest that muscle pH and time PM 
should both be considered when conducting trials aimed at defining early 
PM proteomic characteristics in pork.
Acknowledgement:
Funded in part by the Iowa Pork Producers Association project 18-199.
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Figure 1.  
Representative 8% SDS PAGE with Coomassie stain of MHC from HMHC (H) 
and LMHC (L) at 45 min (D0) or 1 d (D1) PM.
 
 
 
 

 
Table 1.  
Summary of pork loin quality characteristics compared to MHC abun-
dance, separated on MHC group.
a, b Means with different superscripts within rows are significantly 
different within classification (P<0.01).
1 Ratio indicates abundance of MHC 45 min PM compared to MHC from a 
14 d reference sample present on each gel. Because the groups were 
classified based on this trait, a statistical comparison was not 
made.
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Figure 2.  
Representative western blot of MHC from HMHC (H) and LMHC (L). 
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A protein co-expression network analysis in Nelore cattle revealing pathways associated with carcass traits (#498)

Bárbara Silva-Vignato1, Mirele D. Poleti2, Wellison Diniz3, Aline S. M. Cesar1, Gabriel C. M. Moreira1, Francisco J. Novais1, Gustavo H. M. F. de Souza4, 
Luiz C. Cameron5, Thais R. Cataldi1, Carlos A. Labate1, Júlio Cesar C. Balieiro7, Luciana C. A. Regitano6, Joanir P. Eler2, Luiz L. Coutinho1, This study was 
conducted with funding from EMBRAPA (Macroprograma 1, 01/2005), FAPESP (grant# 2012/23638-8; 2013/21017-9), CAPES – Finance Code 001, and 
by the CNPq (grant#150914/2017-2; 409186/2018-0).
1 “Luiz de Queiroz” College of Agriculture, Piracicaba, Brazil; 2 Faculty of Animal Science and Food Engineering - University of São Paulo (FZEA/USP), Department of Veterinary Medicine, Pirassununga, 
Brazil; 3 Federal University of São Carlos, São Carlos, Brazil; 4 MS Applications and Development Laboratory Waters Corporation, Barueri, Brazil; 5 Federal University of the State of Rio de Janeiro, Rio de 
Janeiro, Brazil; 6 Embrapa Pecuária Sudeste, São Carlos, Brazil; 7 School of Veterinary Medicine and Animal Science, Pirassununga, Brazil

Introduction
Producing animals with heavy carcass weight and a proper layer of fat is 
among the main objectives of the meat industry. Thus, growing studies have 
focused on carcass traits, such as ribeye area (REA) and backfat thickness 
(BFT) as indicators of the amount of muscle and fat in the carcass [1, 2]. 
Understanding the molecular mechanisms underlying these complex traits 
is crucial for contributing to breeding programs. In this context, the Weighted 
Correlation Network Analysis (WGCNA), allows us to explore the structure 
of genes and proteins within a co-expression network approach concerning 
the studied traits [3]. Therefore, our goal was to identify groups of co-ex-
pressed proteins associated with REA and BFT in a Nelore cattle population.
Methods
For this study, 160 Nelore steers were raised on pasture and finished in feed-
lots under identical nutritional and handling conditions. The animals were 
slaughtered at an average live weight of 452 kg and 24 months of age. At 
slaughter, samples were taken from the Longissimus dorsi (LD) muscle (12th-
13th ribs) from each animal for proteomic analysis; and at 24 hours after 
slaughter, a sample of the LD muscle (12th-13th ribs) was used for REA (cm²) 
and BFT (mm) measures. More details in Tizioto et al. [4].
Muscle protein extraction and sample preparation for mass spectrometry 
analysis were performed according to Poleti et al. [5]. The analysis of tryptic 
peptides was carried out using a nanoACQUITY UPLC 2D Technology sys-
tem coupled to Synapt G2-S High Definition Mass Spectrometer (HDMS) 
(Waters, Manchester, UK). A total of 500 ng of protein digests was loaded 
on column for each of the 3 fractions (500 ng/fraction/load). MS data were 
acquired with Waters MassLynx v.4.1 software and processed and searched 
using ProteinLynx GlobalSERVER v2.5 (Waters, Manchester, UK). Protein 
identifications were obtained by searching against a Nelore transcriptome 
database built from RNA-sequencing data from LD muscle [5]. A maximum 
false discovery rate (FDR) was set to 4%. Label-free protein quantification 
values were generated based on the label-free Hi3 method. Data quality as-
sessment was performed accordingly. Merged spectra were then normalized 
to sum of all intensities.
Proteins quantified in 80% of the samples were assigned for the co-ex-

pression network analysis, by using the R package WGCNA, with the step-
by-step network construction and module detection [3]. To construct the 
weighted protein network, a β soft threshold of 10 (R² = 0.80) was selected, 
to which co-expression similarity is raised to calculate the adjacency ma-
trix (AM). The AM was then transformed into a Topological Overlap Matrix 
(TOM), them its corresponding dissimilarity (1-TOM) was determined. Using 
a hierarchical clustering tree (dendrogram), we identified modules of highly 
co-expressed proteins. The modules were merged based on the dissimilar-
ity of their eigengenes, the first principal component of each module, and 
named by colour. Module-trait associations were determined using a linear 
model fitted to analyze the association between the abundance profiles of 
the module eigengenes (MEs) and the phenotypes. Proteins of modules 
significantly (p-value ≤ 0.05) correlated with the phenotype were assigned 
for functional enrichment analysis. The enrichment analysis for KEGG Path-
ways (KP) and Biological Processes (BP) was performed using STRING v.11 
(https://string-db.org/), with FDR ≤ 0.05.
 
Results
Based on the co-expression network approach, we identified eleven mod-
ules (Figure 1) of which the Blue and Green modules were significantly asso-
ciated with REA (p-value < 0.05). Besides, the Red module was significantly 
associated with BFT (p-value < 0.05). 
From the modules associated with REA, the enrichment analysis retrieved 
KEGG pathways (KP) and biological processes (BP) mainly related to mus-
cle energy metabolism. We found 22 KP and 34 BP, highlighting the carbon 
metabolism (bta01200) and citrate cycle (bta00020). Regarding the Green 
module, we identify four KP and 23 BP, such as glycolysis/gluconeogenesis 
(bta00010), carbon metabolism (bta01200), and purine ribonucleotide bio-
synthetic process (GO:0009152). These are pathways with an essential role 
in the uptake and storage of energy for the body [6], supporting our findings.
Calcium signaling pathway (bta04020) was overrepresented on Red module, 
which was associated with BFT. As reported by Greineisen et al. [7] lipid 
accumulation in muscle cells may lead a cytoskeletal remodeling altering 
calcium dynamics and resulting in signaling changes.
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Conclusion
This study demonstrated that energy metabolism pathways and BP mostly 
influence REA; and, reveled the Calcium signaling pathway as a regulator 
of BFT. These results improve our knowledge of the molecular regulation of 
important carcass traits in bovine.
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Module-trait associations  
Figure 1. Module-trait associations between the module eingengenes 
(ME) and backfat thickness (BFT) or ribeye area (REA). Each row cor-
responds to a module eigengene, column to a trait. Each cell con-
tains the coefficient from the linear model and, the p-values of the 
correlation (numbers within parentheses).
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Muscle Profiling: Variation in colour across different muscles of the beef carcass (#500)

Michelle Hope-Jones1, Phillip E. Strydom1, 2, Lizelle de Lange1

1 Agricultural Research Council of South Africa, Animal Production: Food Science and Technology, Irene - Pretoria, South Africa; 2 Stellenbosch University, Department of Animal Sciences, Stellenbosch, 
South Africa 

Introduction
USDA [1] observed a trend that between 1993 and 1998 the wholesale value of 
beef ribs and loins had increased by 3 – 5% but that there was a drop of 25-
26% of the wholesale value of chucks, rounds and trimmings. In South Africa, 
the steak yielding cuts such as the loin and rump also sell for considerably 
more per kilogram than cuts such as the chuck, thin flank and topside. With 
current economic times it would be beneficial to both the consumer and pro-
ducer to add value to the cheaper primal cuts.
Methods
Twenty of each of the following muscles were sampled: Adductor (Add), Grac-
ilis (Gr), Infraspinatus (IS), Rectus abdominis (RA), Rhomboideus (Rhom), Rump 
cap (RumpC), Semispinalis (SS), Spinalis (Spinalis), Supraspinatus (SS) and 
Serratus Ventralis (SV). The Loin (L) was sampled as a reference muscle. In-
strumental colour was performed on fresh meat with a Minolta colour meter 
(Model CR200, Osaka, Japan) following the CIE colour convention. Colour was 
measured on day 1 and day 5 after slaughter. Purge was determined by mea-
suring the amount of drip remaining in the tray after removing the steak. Purge 
was expressed as a percentage of the combined mass of the steak and the 
drip.
Results
The Add was lighter than all the other muscles with the Gr the darkest (P 
<0.001, Table 1). se results were similar to those found by Von Seggern et al. 
[2] who attributed the difference in lightness to differences in collagen content 
(higher levels of collagen resulting in lighter muscles) as well as heme-iron 
concentrations (higher concentrations leading to darker muscles). Values for 
chroma higher than 20 relate to the bright red colour of bloomed meat and 
S=18, S=14 and S<12, as dull, distinctly brown and brown to gray-greenish 
brown [3]. Only the adductor had a desirable chroma value with the rest of the 
muscles falling between the dull and distinctly brown categories. This shows 
that the colour of most of the muscles will be unacceptable to the consumer 
who relies on visual appearance at the point of purchase and associates the 
bright cherry red colour of meat with freshness [4]. For all the muscles, colour 
deteriorated from day 1 to day 5 and oxymyoglobin and deoxymyoglobin de-
creased while metmyoglobin increased (P <0.001, Table 2). A possible reason 
for the Add standing out could be due to differing oxidative capacity of differ-
ent muscles [5]. Muscles with more oxidative myofibres (Type 1) have higher 
myoglobin and iron concentrations and are darker and redder but are more 
prone to colour deterioration. Different muscles have different color stability 

when exposed to atmospheric oxygen due to different myoglobin reducing 
activity [6].
Figure 1 shows that all muscles except for the Add had levels below the ac-
ceptable level of 2% purge. The Add had the highest percentage of purge (P 
<0.001) at just below 4% with the L at 1.2%. All other muscles had levels below 
1% with the spinalis having only 0.2% purge. The high level of purge for the 
Add is undesirable as consumers are put off by excessive purge at the point 
of purchase. High purge would also have contributed to the Add having the 
highest values for lightness.
Conclusion
Colour of all muscles except for the Add were undesirable. L displayed the 
same colour issues as the rest of the muscles giving the impression that some 
other factor could have been affecting colour (although all pH values were 
normal). All muscles, except for the Add, had very low levels of purge.
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Table 2 
The effect of muscle and day after slaughter on lightness (L*), chro-
ma (C), oxymyogobin, metmyoglobin and deoxymyoglobin.
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Table 1.  
The effect of muscle on lightness (L*), chroma (C), oxymyogobin, met-
myoglobin and deoxymyoglobin. 
 
 

 
Figure 1 
The effect of muscle on percentage purge
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Intramuscular fat as a predictor of sheepmeat eating quality (#501)

Liselotte Pannier1, 2, Rachel A. O’Reilly1, 2, Fiona Anderson1, 2, Graham Gardner1, 2, David W. Pethick1, 2

1 Murdoch University, Veterinary and Life Sciences, Murdoch, Australia; 2 Australian Cooperative Research Centre for Sheep Industry Innovation, Armidale, Australia

Introduction
Sensory perception of sheepmeat is a key factor influencing consumer 
demand, food choice, repeat purchase behaviour, and willingness to pay 
(Pethick, Banks, Hales, & Ross, 2006). Many factors affect sheepmeat eat-
ing quality, and one of these factors is intramuscular fat percentage (IMF%) 
(Pannier, Gardner, O’Reilly, & Pethick, 2018). IMF% improves consumer 
sheepmeat sensory scores (Pannier et al., 2014), and therefore a measure of 
IMF% is recognised as an important predictor of sheepmeat eating quality 
in proposed grading systems, such as the Meat Standards Australia (MSA) 
system. The current MSA sheepmeat pathways system lacks individual ob-
jective carcass measurements for traits like IMF% and thus segregation of 
quality grades between different cuts is not possible. Low to moderate cor-
relations for IMF% (r2= 0.34 – 0.40) exist between loin and other cuts of the 
fore and hind sections (Anderson, Pethick, & Gardner, 2015). Hence there 
is potential to predict eating quality of these cuts based on the IMF% of 
the loin, however it may be necessary to measure IMF% in individual cuts 
to describe the variability in eating quality. Therefore, we hypothesised that 
IMF% of each individual cut will provide a more accurate description of that 
cut eating quality than using IMF% of only the loin.
Methods
Lambs (n=918) from the Meat and Livestock Australia Resource Flock, lo-
cated at Katanning (WA), were slaughtered at a commercial abattoir and 
their carcasses subjected to medium voltage electrical stimulation. Loin 
and topside cuts were collected from 708 carcasses, while the loin, topside, 
knuckle,outsideandrump cuts were collected from the remaining 210 car-
casses. In total, 2466 cuts were collected for sensory testing by untrained 
consumers. Each cut was sliced into 15mm thick steaks prior to grilling ac-
cording to MSA protocols. Each consumer tasted six test samples on a scale 
of 0-100 for overall liking. To date, 11 sessions have been conducted including 
660 consumers tasting 396 cuts. IMF% was measured on every loin, as well 
as the topside, outside and rump of the 210 carcasses. Linear mixed effects 
models in SAS (SAS Version 9.1) were used to analyse consumer scores for 
overall liking. The models included fixed effects for cut (loin, topside, knuck-
le,outsideandrump), sex (female, male), and birth type (single, twin, triplet), 
with either IMF% of the loin only or IMF% of all individual cuts (IMF within 
cut) fitted as a covariate. Animal identification, and consumer within eating 
quality session were included as random terms.
 

Results
Both loin IMF% and IMF% of the individual cuts were positively associat-
ed with consumer overall liking scores (P<0.05), however this effect varied 
between the different cuts. Loin IMF% was positively associated (P<0.05) 
with overall liking in the loin and the topside cuts with scores increasing by 
11.1 and 5.9 units respectively over a range of 2.5% - 7% IMF. There was no 
association (P>0.05) between loin IMF% and overall liking in the knuckle, 
outside and rump cuts. When IMF% of the individual cuts was included in 
the overall liking model, increasing IMF% from 2.5% to 7% was associated 
with an increase in overall liking score of 10.7 units for the loin only, with no 
effect (P>0.05) in the other cuts.
Conclusion
These preliminary results reject our hypothesis that IMF% of each individual 
cut will account for more variation when predicting eating quality within that 
cut compared to using only loin IMF%. Hence there is no advantage in using 
cut specific IMF% to predict eating quality, and multiple measurements of 
IMF% in the different muscles might not be needed. The results also indi-
cate that utilising a single site measurement of loin IMF% can describe the 
eating quality variation of the loin and topside cuts, however further work 
is required to investigate factors other than IMF% that explain variation in 
eating quality in the other cuts in sheepmeat. Furthermore, the dataset used 
was still relatively small (396 of the total 2466 cuts eaten to date) and hence 
requires further investigation when complete. Correlations between all mus-
cles for IMF% will also be tested.
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Effect of slaughter criteria on postmortem metabolism and meat quality from crossbred Angus x Nellore cattle fin-
ished in grazing finishing system (#509)
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David E. Gerrard3, Saulo L. Silva1

1 University of São Paulo, Faculty of Animal Science and Food Engineering, Pirassununga, Brazil; 2 University of São Paulo, College of Medicine Veterinary and Animal Science, Pirassununga, Brazil; 3 
Virginia Tech University, Department of Animal Sciences and Poultry, Blacksburg, US

Introduction
Color and tenderness are the main meat quality traits evaluated by consum-
ers at the time of purchasing and eating, respectively (Manni et al., 2018), and 
these traits are significantly determined by the extent and rate of postmor-
tem pH decline (England et al., 2014). Meat with ultimate pH near 5.6 exhibits 
the most desirable quality traits, while ultimate pH ≥ 5.8 is usually referred 
to as dark cutting (Page, Wulf, & Schwotzer, 2001). Dark cutting is usually 
attributed to the lack of muscle glycogen, which is a necessary substrate for 
glycolysis and normal pH decline. In general, grazing animals are slaugh-
tered later, and tend to be more susceptible in developing dark cutting and 
have tougher meat (Priolo, Micol, & Agabriel, 2001). In this sense, finishing 
system, time on feed, age, body weight at slaughter influence the postmor-
tem metabolism, and consequently meat quality (Matthews, 2011). Therefore, 
this study was carried out to evaluate the effect of slaughter criteria on post-
mortem metabolism and meat quality from crossbred Angus x Nellore cattle 
finished in grazing finishing system.
Methods
Thirty-six Angus x Nellore steers (334±13 kg body weight [BW]; 12±1 mo 
old) were allocated in a continuous grazing finishing system (Brachiaria bri-
zantha cv. Marandu), and supplemented with 0.5% of concentrate BW/head/
day at the dry season. Treatments consisted of two slaughter criteria: 1) TF 
- animals were slaughtered with 140 days of feeding; 2) BW animals were 
slaughtered when reached 530 kg of BW (Table 1). At slaughter samples of 
the Longissimus thoracis (LT) were collected and immediately frozen in liquid 
nitrogen and kept at -80°C for lactate and pH analyzes. After 24h of chilling 
(0-2 oC) left half-carcass was divided between the 12th and 13th ribs, and a 
2.5 cm thick sample of LT muscle was obtained to evaluate meat color (L*, 
a* and b*; CIE 1986), cooking loss and Warner-Bratzler shear force (WBSF; 
AMSA 2015). To simulate in vitro glycolysis, 12 LT samples of each treatment 
were randomly selected, grounded in liquid nitrogen and homogenized in 
a buffer as proposed by England et al. (2014) and aliquots were collected 
after 0, 30, 120, 240, 480, 720, and 1440 min. The pH samples were prepared 
using the iodoacetate method as described by Bendall (1973). Lactate anal-
yses was performed according to the methodology proposed by Bergmeyer 
(1984) and modified to 96-well plates (Hammelman et al., 2003). Data of meat 

quality were analyzed by analysis of variance using the MIXED procedure 
of SAS 9.4 (SAS Institute Inc., Cary, NC) as a completely randomized design 
considering the slaughter criteria as a fixed effect. The pH and lactate data 
were evaluated as time-repeated measures, considering as fixed effect the 
slaughter criteria, time of measurement and their interaction. Means were 
obtained by the PROC LSMeans and considered statistically significant 
when P≤ 0.05.
Results
There was an interaction between slaughter criteria and time for pH (P = 
0.0357; Figure 1) and lactate (P < 0.0001; Figure 2). The BW animals had 
higher pH values than TF, in all evaluated times (P<0.05), except for 1440 
min, when they did not differ. In addition, BW animals had higher lactate 
concentrations at 30, 120 and 240 min (P < 0.0001) and tended to be higher 
in 480 min (P = 0.0744) when compared to TF animals, on the other hand, 
no differences were observed at 0 and 1440 min. Vestergaard et al. (2000) 
showed that animals in an extensive system with a higher BW showed a 
more glycolytic metabolism when compared to those slaughtered with a 
lower BW. According to Kim J. et al. (2013) increasing the proportion of fast-
twitch glycolytic fibers in porcine Longissimus muscle has been shown to 
increase the rate and extent of postmortem pH decline. This may explain 
our pH results, in which BW animals were heavier and stayed longer in the 
finishing system, may have a slightly more glycolytic metabolism when com-
pared to FT animals, leading to an increase in the rate and extent of postmor-
tem pH decline. These differences may be attributed glycolytic flux, buffer 
capacity, glycolytic capacity and activity of glycolytic enzymes, which are 
factors controlling the rate and extent of postmortem metabolism (Matarneh 
et al., 2018). In addition, it can be suggested that glycogen was not a limiting 
factor for the decline of pH because the ultimate pH of the both slaughter 
criteria were below 5.8.
There was no effect of slaughter criteria on meat color and WBSF (Table 
2). These results are in accordance with Frylinck et al (2013) and Sami et 
al (2004), who found no differences on meat quality of animals slaughtered 
with different time on feed in grazing system. According to Varman and 
Sutherland (1995), the age at slaughter of the grazing steers increases mus-
cle myoglobin concentrations and the meat becomes darker. However, we 
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suggest that the lack of difference in the color in this study may be attributed 
to the age of the animals, which were slaughtered less than 23 months old.

Conclusion
Animals slaughtered based on body weight criteria have higher rate and 
extent of pH decline, but this does not affect meat color and tenderness of 
castrated Angus x Nellore males in grazing finishing system.

 
Fig 1– Effect of slaughter criteria on meat pH (A) and lactate (B) simu-
lated by in vitro glycolysis 
¹BW = 530 kg of body weight. ²TF = 140 d of feeding.
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Table 1 – Characterization of treatments according age, time of feed-
ing and final body weight. 
¹BW = 530 kg of body weight.
²TF = 140 d of feeding. 
‘ 
 
 

 
Table 2 – Effect of slaughter criteria on meat color, cooking loss and 
Warner-Bratzler shear force 
WBSF = Warner-Bratzler shear force. 
¹BW = 530 kg of body weight. ²TF = 140 d of feeding.
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Influence of Pre-Slaughter Management on the Incidence of Myopathy in Broiler Chickens (#534)

Renata A. T. Abreu, Elisabeth M. Hashimoto, Mayka R. Pedrão, Fabio Coro, Margarida M. Yamaguchi, MRP and FC are CNPQ research fellows.
Federal Technological University of Parana, PPGTAL, Londrina, Brazil

Introduction
Global consumption of chicken has reached 90 million tonnes in 2017. In or-
der to meet the growing demand, poultry industry strongly invests in genet-
ic, sanitary and nutritional improvements leading to better growth, feed con-
version and breast yield (Barbut et al., 2008). Once the growth rates exceed 
the physiologically sustainable, however, muscular damages may compro-
mise meat quality (Kuttappan et al., 2013) due to histological and biochem-
ical modifications, leading to myopathies. Research suggests that genetic 
selection, environmental factors, temperature, antemortem and postmortem 
mortem stress may lead to that condition (Bailey et al., 2015), causing losses 
as those are condemned and deemed improper for consumption. As such, 
this paper seeks to more closely examine and understand factors increasing 
the occurrence of myopathies.
Methods
This study was held in a northern Paraná (Brazil) slaughter plant, between 
january and september of 2017. 2,855 lots containing 61,072,612 birds were 
analyzed, weighing between 1.856 and 3.657kg of ages between 36 and 57 
days. The analysis of date of slaughter, number of heads slaughtered, live 
weight, average weight, lineage and gender of the lot was carried carried 
out by means of data collection of the documents used by the company. 
Myopathy occurrence rates were correlated with head per lot, weight, line, 
gender and transport distance. Data was processed in R 3.4.2 trough Pois-
son, quasi-Poisson and negative binomial regression models, with the latest 
most closely fitting the data.
Results
Through negative binomial regression, parameters were estimated for each 
factor, as shown in table 1. For gender, it is observed approximately 73.9% 
higher myopathy incidence rate on male birds, similar results found by Troci-
no et al. (2015).As for lot size, every thousand increase caused approximately 
4.2% higher incidence rate. It’s observed that for each extra kilometer of 
travel between the poultry farms and slaughter plant increased incidence 
by approximately 0.06%. This result is similar to that obtained by Zahoor, 
Koning e Hocking et al. (2017), where thermal stress induced damage to 
cell walls and mitochondria were pointed as a key component to the patho-
genesis.  In Figure 1 is the boxplot of variance of observed myopathy as a 
function of lines (Fig. 1a) and gender (Fig. 1b). It was observed that male birds 
have higher tendency than females of developing the condition, possibly 
suggesting that their higher weight and breast yield may make them more 

susceptible than female birds. On the other hand, there was no significative 
difference between lines, with line A having the most disperse results within 
lots. This result diverges from that found by Bianchi et al. (2001), where it was 
found that about 80% of Cobb lots had incidence rates lower than .5%, while 
over 60% of Ross lots had incidence rates lower than .5% with 11.2% having 
higher than 3% incidence rates. As for the studies by Bailey et al. (2015), 
they’ve shown similar results for the lines analyzed, corroborating with the 
results found here, which point to genetics having some influence but not 
being the main factor.
Table 1 – Parameter estimates as determined by negative binomial regres-
sion
Parameter Estimate Standard deviation p-value

Intercept 3,59343 0,03862 <0,0001

Gender 0,55333 0,03254 <0,0001

Lot count 0,04151 0,00115 <0,0001

Distance 0,00056 0,00024 0,02280

Phi 1,72570 0,04310  

 
Conclusion
Lot size, weight, distance traveled in transport and gender were all factors 
which presented significative correlation with myopathy incidence, gender 
being the one with the strongest correlation, suggesting male birds tend to 
have higher incidence rate than females. There was no significative differ-
ence in the occurrence rate between the bird lines studied.
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Figure 1 
Stratified Boxplot per gender (b) 
 
 
 

 
Figure 1 
Stratified Boxplot per line (a)
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Influence Of Zinc And Beta Agonist Supplementation On Beef Carcass Characteristics, Early Postmortem pH, And 
Longissimus Thoracis Warner-Bratzler Shear Force (#548)

Matthew D. Schulte1, Katherine G. Hochmuth1, Edward M. Steadham1, Kenneth J. Prusa2, Steven M. Lonergan1, Stephanie L. Hansen1, Elisabeth Huff-Lo-
nergan1

1 Iowa State University, Department of Animal Science, Ames, US; 2 Iowa State University, Department of Food Science and Human Nutrition, Ames, US

Introduction
Growth promoting technologies such as the beta agonist ractopamine hy-
drochloride (RAC) and nutritional practices such as increased zinc (Zn) sup-
plementation have potential to positively impact beef cattle growth [1, 2]. 
However, the impact of these strategies (RAC and Zn) on meat quality is 
not fully understood. The objective of this experiment was to determine the 
impact of Zn and RAC supplementation in the diet of finishing beef steers 
on carcass characteristics, early postmortem pH decline, and meat quality 
development of aged longissimus thoracis (LT) steaks.
1. Genther-Schroeder, O.N., Branine, M.E., Hansen, S.L. (2016). The in-

fluence of supplemental Zn-amino acid complex and ractopamine 
hydrochloride feeding duration on growth performance and carcass 
characteristics of finishing beef cattle. Journal of Animal Science 94: 
4338-4345.

2. Ebarb, S.M., Phelps K.J., Drouillard J.S., et al. (2017). Effects of anabolic 
implants and ractopamine-HCL on muscle fiber morphometrics, colla-
gen solubility, and tenderness of beef longissimus lumborum steaks. 
Journal of Animal Science 95:1219–1231.

Methods
High percentage Angus steers (~516 kg initial body weight (iBW)) from a 
single source were fed one of four diets using GrowSafe bunks. Steers were 
assigned dry rolled corn diets based on growth potential (Gene Max gain 
score) and iBW: non-Zn supplemented control (CON; diet contained ~30 
ppm Zn; n=5), supranutritional Zn supplementation (SUPZN-CON; CON 
diet+ 60 ppm ZnSO4+ 60 ppm Zn amino acid complex); n=5), CON + RAC 
supplementation (CON-RAC; n=5), and Zn supplementation + RAC sup-
plementation (SUPZN-RAC; n=5). Zn treatments were fed for the entire 89 
d trial. RAC supplementation (300 mg/hd/d) occurred for the final 28 d for 
RAC treatments. At finishing weights (~749 kg), one steer per treatment was 
harvested at the Iowa State University Meat Laboratory on five separate 
dates. LT muscle temperature and pH were measured at 1, 3, 6 and 24 h post-
mortem at the 12th and 13th rib of the right side of the carcass. Carcass yield 
data were collected. Rib sections were fabricated into 2.54 cm thick bone-
less LT steaks. Pairs of adjacent steaks were vacuum packaged, aged for 1, 
3, 7, or 14 d, and frozen until quality evaluation. Warner-Bratzler Shear Force 
(WBS) values were measured on each pair of steaks at each timepoint. Data 

were analyzed using the mixed procedure of SAS version 9.4 as a 2x2 facto-
rial contrast with fixed effects of Zn and RAC. Harvest date was included as 
a block for all quality characteristic analyses. iBW was used as a covariate 
for live weight, hot carcass weight (HCW), and dressing percentage. HCW 
was used as a covariate for ribeye area, fat thickness (FT), kidney, pelvic and 
heart fat percentage, and yield grade. FT was used as a covariate for pH and 
temperature measurements.
Results
Longissimus thoracis muscle from SUPZN-CON cattle had a lower pH at 3 
and 6 h postmortem than CON-RAC. SUPZN-CON had a lower WBS value 
at 1 d aging compared with all other treatments. CON had a lower WBS value 
than SUPZN-CON at 7 d aging. WBS at 3 and 14 d aging was not impacted 
by treatment. There were no significant differences in carcass characteris-
tics among treatments.
Conclusion
Zn is an essential trace mineral that is critical for many biological processes 
including muscle growth and development [3]; understanding its impact on 
beef tenderness is essential. Other studies have shown that differences in 
early postmortem pH (3 h) can be associated with tenderness variation in 
unaged beef [4]. In the current study, a lower pH at 3 and 6 h postmortem 
was measured in samples with a lower WBS values at 1 d postmortem. The 
rate of pH decline has been shown to impact tenderness [5]. Identifying the 
molecular explanations for these differences in pH decline and its impact on 
tenderness is essential to understanding the impact of Zn and RAC inclusion 
in the diet. Overall, the current analysis demonstrates that Zn supplementa-
tion, without RAC in the diet, resulted in decreased pH at 3 and 6 h postmor-
tem and decreased WBS values at 1 d postmortem.
3. Park, J., Grandjean, C.J., Antonson, D.L., Vanderhoof, J.A. (1986). Effects 
of isolated zinc-deficiency on the composition of skeletal-muscle, liver and 
bone during growth in rats. Journal of Nutrition 116: 610-617.
4. Marsh, B.B., Ringkob, T.P., et al. (1987). Effects of early-postmortem glyco-
lytic rate on beef tenderness. Meat Science 21: 241-248.
5. Melody, J.L., Lonergan, S.M., Rowe, L.J., Huiatt, T.W., Mayes, M.S., Huff-Lo-
nergan, E. (2004). Early postmortem biochemical factors influence tender-
ness and water-holding capacity of three porcine muscles. Journal of Animal 
Science 82: 1195-1205.
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Table 1. 
Effects of Zn and RAC supplementation on beef longissimus thoracis 
pH, temperature, and Warner-Bratzler Shear Force values.
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Sensory proprieties of Sahraoui dromedary meat and relationship with quality traits, myofibrillar and sarcoplas-
mic proteins (#554)

Hanane Smili1, 2, Samira Becila1, Radjeb Ayad2, Antonella della Malva3, Marzia Albenzio3, Agostino Sevi3, Abdelkader Adamou2, Abdelghani Boudjellal1, 
Rosaria Marino3

1 Equipe Maquav, Laboratoire bioqual, INATAA, University Frères Mentouri, Constantine, Algeria; 2 Laboratoire des Bioressources Sahariennes préservation et valorisation, University Kasdi Merbah, Ouar-
gla, Algeria; 3 Dipartimento di scienze Agrarie degli Alimenti e dell’Ambiente, University of Foggia, Foggia, Italy

Introduction
The dromedary is a potentially important food resource in Algeria, although 
it is an unconventional meat in many other countries. It was estimated at 379 
094 head in 2016, with an increasing slaughter volume reaching 40 000 head 
(FAOstat, 2017). The production of dromedary meat is characterized by a 
regional aspect with less consumption interest. However, a depth knowledge 
of meat quality is a crucial element for promoting the consumption of drom-
edary meat or for better valorisation. The present study aimed to identify the 
possible biomarkers of sensorial quality of dromedary meat.
Methods
Six young male (2 years ± 0.9 SD) and six adult (9 years ± 1.5 SD) Sah-
raoui dromedaries, slaughtered according to the Algerian procedure in the 
commercial slaughterhouse of Ouargla region, were used for meat sampling. 
Longissimus Lumbrorum muscles were excised after 3h postmortem from the 
last two lumbar vertebra and were used to investigate the changes on meat 
quality parameters at 6 and 24 h postmortem.pH and myofibrillar fragmenta-
tion index (MFI) were determined according to Bendall (1973) and Culler et 
al. (1978), respectively. Determination of myofibrillar and sarcoplasmic pro-
teins using SDS PAGE was conducted according to Marino et al., (2013). 
The sensory properties were evaluated, on muscle pieces (3 cm long, 1.5 cm 
thick and 2 cm wide) cooked in water bath during 45 min to an internal tem-
perature of 80 ºC, by a panel of 12 assessors, previously trained to develop a 
commune sensory vocabulary and to evaluate the intensity of the following 
attributes: tenderness, juiciness, flavour, abnormal flavour, cohesion, chewi-
ness, presence of residues and overall appreciation. Data were subjected to 
analysis of variance using the GLM procedure of the SAS statistical software 
with age, ageing time and their interaction as fixed effect. Correlations were 
calculated using Pearson coefficient with the CORR procedure of SAS and 
significant correlation was assumed where p < 0.05.
Results
As shown in table 1, the sensorial evaluation of dromedary meat revealed 
a significant effect of age on tenderness, juiciness and overall liking, par-
ticularly young dromedaries showed more tender and juicy meat than old 
dromedaries, with the highest values of overall liking. Tenderness was neg-
atively correlated to cohesion and chewiness (r=-0.35; P˂0.05 and r=-0.46; 

P˂0.001 respectively), and positively correlated to juiciness and overall liking 
(r=0.44; P˂0.01 and r=0.52; P˂0.001 respectively) while flavour was positively 
correlated to the overall liking (r=0.47; P˂0.001). A significant effect of ageing 
time was found for pH with higher value at 6 hour than at 24 hour as shown 
in table 2. On the contrary MFI was significantly affected by age with the 
highest values in young animals both at 6 and 24 hours (table 2).
The relative abundance of many myofibrillar and sarcoplasmic proteins 
separated on SDS PAGE were affected by age and ageing time (data not 
shown). The relationships between sensory proprieties, meat quality traits, 
myofibrillar and sarcoplasmic proteins were summarized in Table 3. pH was 
positively correlated to flavour, while, MFI at 6 and 24h was positively cor-
related to tenderness and juiciness parameters. Refers to myofibrillar pro-
teins, Troponin T and I showed negative correlations with tenderness, flavour 
and overall liking. The polypeptides of the sarcoplasmic fraction and aldo-
lase (ALD) showed negatives correlations with tenderness and overall liking, 
while, lactate dehydrogenase (LDH), phosphoglycerate mutase (PGAM) and 
creatine kinase (CK) were positively correlated to tenderness, overall liking 
and juiciness or flavour.
Conclusion
Previous studies reported a controversial effect of pH on meat odour and 
flavour, in the present study the low acidification of the muscle could be due 
to a greater protein degradation that lead to the development of more appre-
ciated flavour. The negative correlation between tenderness, overall liking, 
Troponin T and I highlight the key role of these proteins in meat tenderization 
also in dromedary meat. On the contrary the relationship between glycolytic 
enzymes and sensorial parameters emphasize that sarcoplasmic proteins 
could have an impact on meat quality. The results of the present study indi-
cated that age had a significant effect on sensory proprieties of dromedary 
meat. In addition, some proteolysis biomarkers that could be suitable for a 
better valorisation of the product were highlighted.
References
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Table 3.  Correlations between sensory proprieties, meat quality traits 
and proteomic analysis 
Significance α=0.05; *= P<0.05; **=P<0.01; ***=P<0.001
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Table 2.  Age and ageing time effects on dromedary meat quality pro-
prieties 
NS = not significant; *= P<0.05; **=P<0.01; ***=P<0.001. a, b = P< 
0.05 in the row (ageing effect). A, B = P<0.05 in the column (age 
effect).

 

 
Table 1. Sensory Proprieties of Longissimus Lumborum muscle of 
dromedary as affected by age. 
NS = not significant; *= P<0.05; **=P<0.01; ***=P<0.001.
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Effects Of Marbling Flecks Characteristics On Meat Quality And Storage Stability Of Hanwoo Beef (#565)

Soo H. Cho1, Wang Y. Lee2, Kuk K. Seol1, Yun S. Kim1, Sun M. Kang1, Hyun W. Seo1, Hoa V. Ba1, Youn B. Jung2, Jin H. Kim1

1 National Institute of Animal Science, Animal Products Utilization Division, Wanju-Gun, South Korea; 2 Korea Institite for Animal Products Quality Evaluation, Research & Development Division, Sejong, 
South Korea

Introduction
In Korea, marbling degree (intramuscular fat, IMF) is the most important fac-
tor determining the acceptability and purchasing decision by consumers for 
beef [1]. According to the recent survey results, Korean consumers prefer 
beef steaks with fine marbling flecks to ones with coarse marbling flecks 
[2]. There was a significant correlation between the IMF with tenderness, 
juiciness and flavor scores [3]. Morphologically, there are two different types 
of marbling flecks such as, coarseness and finesse existing in beef muscle. 
However, it still remains unknown whether the type of marbling flecks affects 
the beef quality parameters. Thus, the present study aimed at investigat-
ing the effect of marbling fleck characteristics (coarseness and fineness) on 
quality traits of high marbling Hanwoo beef.
Methods
Sampling: After slaughter, Hanwoo steer carcasses were evaluated for qual-
ity grade (degree of marbling, meat color, fat color, texture and maturity) 
according to the Korean beef grading system. The carcasses with grade 
1+ and 2++ were finally selected and their longissimus thoracis (LT) mus-
cles (n=89) were obtained. The LT muscles in each grade group were then 
evaluated for the marbling fleck characteristics at the 13th thoracic vertebra 
by using a digital image system. Based on the analytic results by the digital 
camera system, 2 types of marbling flecks (fineness or coarseness) were 
formed for each grade group (Table 1, Fig 1). Each the muscle from each 
marbling fleck group within each grade were divided into 3 equal portions 
and stored for 0, 7 and 14 days at 2oC. The samples were analyzed for chem-
ical composition, color traits (CIE L*, a*, b*), water-holding capacity (WHC), 
cooking loss, WB-shear force, 2-Thiobarbituric acid reactive substance 
(TBARS) content [4]. and Volatile basic nitrogen (VBN) content [5]. Data 
were analyzed by the Student-Newman-Keuls’ multiple comparison using 
the GLM Procedure of the SAS program [6].
Results
No differences in the chemical composition occurred between the coarse 
and fine marbling fleck groups within each quality grade (Table 2).  The total 
fat content in the loin samples ranged from 18.86 to 26.02% for the quality 
grade 1+ and 1++, respectively. The samples with coarse marbling flecks 
in the grade 1++ had significantly higher WB-shear force value and lower 
WHC compared to those with fine marbling flecks (Table 3). Regarding color, 
the samples with coarse marbling flecks in the grade 1+ had significantly 

higher a* (redness), b* (yellowness), c* (chroma) and h* (hue) values than 
those with fine marbling flecks (p<0.05) (Fig 2). The lipid oxidation (TBARS) 
and protein degradation (VBN) contents were found significantly higher in 
the samples with coarse marbling flecks than those with fine marbling flecks 
after 7 d and 14 d storage at 2℃ (Fig 3).
Conclusion
Depending on the quality grade group (1+ and 1++), the marbling fleck char-
acteristics (coarseness and fineness) partly showed its effects on the meat 
quality traits and storage stability. The beef samples with fine marbling flecks 
presented a better water holding capacity and lower shear force values while, 
the ones with coarse marbling flecks showed a lighter and redder in color. 
Also, the samples with fine marbling flecks in the both grade groups present-
ed lower lipid and protein oxidation levels during storage.  Further study on 
the effects of marbling fleck characteristics on eating quality is necessary. 
Acknowledgements
This work was carried out with the support of “Research Program for Agri-
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Fig 2. 
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Fig 1 
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Isolation of small molecular peptide extract from chicken breast muscle using gastrointestinal enzymes and 
characterization of its antioxidant activity (#567)

Van Ba Hoa1, Hyun-Woo Seo2, Su-Mi Jo1, Hyon-Wook Kim1, Sun-Moon Kang1, Yun-Seok Kim1, Soo-Hyun Cho1, Jin-Hyoung Kim1, Kuk-Hwan Seol1

1 Rural Development Administration, National Institute of Animal Science, Wanju-Gun, South Korea; 2 CJ, Research Center, Suwon-Si, South Korea 

Introduction
Chicken breast is well accepted by consumers all over the world. Chick-
en-derived protein is known to be rich in essential amino acids with highly 
biological value. Food derived peptides with their bioactivities (e.g., antioxi-
dant) have been reported in a variety of foods such as, milk, eggs, fish and 
a few animal meat muscles (Erdmann et al. 2008; Ryan et al. 2011). By using 
common isolation methods (e.g., autolysis with buffer), researchers have re-
ported that peptides isolated from chicken sources (e.g., breast and skin 
etc.) possess a wide range of bioactivity (Jamdar et al. 2012; Onuh et al. 2014). 
To the best of our knowledge, however, there is no study isolating peptides 
from chicken breast by using gastrointestinal enzymes such as, pepsin and 
pancreatin. Thus, the objective of this study was to isolate peptides from 
chicken breast muscle using digestive enzymes and characterize their an-
tioxidant activity.
Methods
Samples preparation
Chicken breast samples purchased from a local market were used. The sam-
ples were cooked in a boiling water bath until inner temperature reached to 
75. After cooling at room temperature, the cooked chicken breast samples 
were hydrolyzed by (i): pepsin at pH 2.0 and 37℃ for 2 h, and (ii): pancreatin 
at pH 8.0 and 37℃ for 8 h (Chang et al. 2006) and separated by the time of 
enzyme treatment as follow; (P0): pepsin 0 h, (P2): pepsin 2 h, (PP1): pep-
sin 2 h + pancreatin 1 h, (PP2): pepsin 2 h + pancreatin 2 h, (PP3): pepsin 
2 h + pancreatin 3 h, (PP4): pepsin 2 h + pancreatin 4 h, (PP5): pepsin 2 h 
+ pancreatin 5 h, (PP6): pepsin 2 h + pancreatin 6 h, (PP7): pepsin 2 h + 
pancreatin 7 h, (PP8): pepsin 2 h + pancreatin 8 h. Hydrolysates were cen-
trifuged at 10,000 × g for 20 min. The supernatant was collected and filtered 
with Whatman filter paper (No. 1), the filtrates were then kept at -78℃ in a 
deep freezer until use.
Fractionation of hydrolysates
Three fractions with different molecular weight ranges: >10 kDa, 3-10 kDa 
and <3 kDa were prepared by ultracentrifuging using a filtration membrane 
with molecular weight cutoff of 10 kDa (Millipore). The fractionated samples 
were concentrated and then re-separated on a C18 column (2.2 cm × 10 cm, 
GRACE VYDAC, USA) connected to a high-performance liquid chromatog-
raphy (HPLC) (Jasco, Easton, MD, USA). Peaks were collected and concen-
trated by freezing-dried before using for antioxidant activity assay.
Antioxidant activity

The free radical-scavenging activity of the crude peptide extracts (CPEs), 
fractions, and peaks were determined using the 2,2-azino-bis-(3-ethylben-
zothiazoline-6-sulfonic acid, ABTS+) radical cation according to method of 
Chang et al. (2013), and using a ORAC assay kit (Cell Biolabs).
Statistical analysis
Statistical analysis was performed with the SAS program for Windows V9.2 
(SAS Institute, Cary, NC, USA). General linear model (GLM) with Duncan’s 
multiple range test was carried out to analyze significant differences among 
the treatments (p<0.05).
Results
The antioxidant activities of crude peptide extracts (CPEs) measured using 
ABTS radical scavenging activity and ORAC assay kit are presented in Fig-
ure 1. The radical scavenging activities of CPEs were significantly higher in 
the samples treated by the gastrointestinal enzymes (above 60%) compared 
with control (7.29±0.54%) and P0 (8.34±0.45%) (p<0.05). No differences 
in antioxidant activities of CPEs occurred between the two enzymes used 
(p>0.05, Fig. 1a). In the case of ORAC assay, the antioxidant activity of PP2 
showed the highest value (105.10±0.23 mg TE) whereas, the control showed 
the lowest value (32.11±0.86 mg TE) (p<0.05, Fig. 1b).
The small molecular weight (<3 kDa) fraction of PP2 showed the highest an-
tioxidant activity in both ABTS (15.71±0.05 μM GE) and ORAC (189.09±0.41 
μM GE) assays compared with the larger molecular weight fractions (p<0.05, 
Fig. 2a and b).
The antioxidant activity of peak fractions (I to X) was measured using the 
ABTS assay (Fig. 3a & b), the antioxidant activity ranged from 9.88% to 
65.72% for the chicken breast muscle CPE PP2-S (<3 kDa). Among all the 
peak fractions collected on the RP-HPLC, the highest activity was found in 
the peak fraction III (65.72%), followed by fraction IV (61.20%) (p<0.05).
Conclusion
Based on the results obtained from the present study, it may be conclud-
ed that the peptides fraction with small molecular weight (<3 kDa) isolated 
the chicken breast muscle by hydrolyzing with digestive enzymes exhibit 
ed strong antioxidant activity. Further study to identify the amino acids se-
quence of these peptides and test for their other bioactivities is needed.
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Fig. 3. The chromatogram (a) and antioxidant activity (b) of smll mo-
lecular weight fractin PP2. 
Different letters (a-g) indicate significant differences in antioxidant 
activity among the peak fractions (p<0.05).
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Fig 2. Antioxidant activity of ultra-filtrated fractions from chicken 
breast meat hydrolysates PP2. 
ABTS assay (a) and ORAC assay (b); Different letters (a-f) indicate 
significant differences (p<0.05). (Con): no enzyme treated, (PP2): 
pepsin 2 h + pancreatin 2 h
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Fig 1. Antioxidant activity of chicken breast meat crude extracts.  
ABTS assay (a) and ORAC assay (b); Different letters (a-e) indicate 
significant difference at p<0.05. (Con): no enzyme treated, (P0): 
pepsin 0 h, (P2): pepsin 2 h, (PP1): pepsin 2 h + pancreatin 1 h, 
(PP2): pepsin 2 h + pancreatin 2 h, (PP3): pepsin 2 h + pancreatin 
3 h, (PP4): pepsin 2 h + pancreatin 4 h, (PP5): pepsin 2 h + pancre-
atin 5 h, (PP6): pepsin 2 h + pancreatin 6 h, (PP7): pepsin 2 h + 
pancreatin 7 h, (PP8): pepsin 2 h + pancreatin 8 h
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Identification and verification of antioxidant active peptides derived from gastrointestinal enzymatic hydrolysis of 
chicken breast muscle (#568)

Hyun-Woo Seo1, Van Ba Hoa1, Su-Mi Jo2, Hyon-Wook Kim1, Sun-Moon Kang1, Yun-Seol Kim1, Soo-Hyun Cho1, Jin-Hyoung Kim1, Kuk-Hwan Seol1

1 Rural Development Administration, National Institute of Animal Science, Wanju-Gun, South Korea; 2 CJ, Research Center, Suwon-Si, South Korea

Introduction
Biologically active peptides were defined as “food-derived peptides that 
exert, beyond their nutritional value, a physiological, hormone-like effect in 
humans” (Erdmann et al., 2008). Bioactive peptides consist of natural ami-
no acid sequences (often 2 to 20 residues) encrypted in the parent protein 
molecule, and are usually inactive within the sequence of the protein. How-
ever, they are released during gastrointestinal digestion or in vitro hydrolysis 
with proteases and play important roles in the regulation and modulation of 
metabolism during digestion of food in the intestine. In the previous study 
about the isolation of antioxidant small molecular peptide extracts from gas-
trointestinal enzymatic hydrolysates of chicken breast muscle, there was 
a small molecular peptide fractions with radical scavenging activity above 
60% (PP2-S-III and -IV). This study was performed to identify the amino acid 
sequence and evaluate the antioxidant activity of the identified peptides.
Methods
Samples preparation
The small molecular peptide fractions which showed the radical scavenging 
activity were selected as our previous study ‘The isolation of antioxidant 
small molecular peptide extracts from gastrointestinal enzymatic hydro-
lysates of chicken breast muscle’, and it could briefly explained as follow. 
Chicken breast muscles were cooked and hydrolyzed by pepsin at pH 2, 
37℃ for 2 h, and pancreatin at pH 8, 37℃ for 2 h (Chang et al., 2006). Hydro-
lysates were centrifuged and the supernatant was filtered with Whatman 
No. 1 filter paper. The ultracentrifugal filtration and high-performance liquid 
chromatography were performed to separate peptides by molecular weight. 
Finally, small molecular peptides (PP2-S-III and IV) with antioxidant activity 
were fractionated and used as samples.
Peptide identification using LC-ESI-MS/MS
The peptides from hydrolysate fractions were analyzed by liquid chroma-
tography tandom MS (LC-MS/MS, QStar Elite, Aplied Biosystems, Foster 
City, CA) equipped with a nano-electrospray ionization (ESI) source using 
a reverse phase C18 column (Agilent Technologies, Santa Clara, CA). Pep-
tides were electrosprayed through a coated silica tip (PicoTip emitter, New 
Objective) at an ion spray voltage of 2,000 eV. Mass data were acquired 
automatically using Analyst QS 2.0 software (Applied Biosystems) with the 
range of m/z was 200 to 2,000).
Antioxidant activity

The free radical-scavenging activity of the chicken breast meat hydrolysates 
was determined using the 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid, ABTS+) radical cation (Sigma-Aldrich, USA), according to a previously 
described method by Chang et al. (2013) and Re et al. (1999), and the ORAC 
assay kit (Cell Biolabs, Inc., USA), based on the method by Ou et al. (2001) 
and Dávalos et al. (2004).
Peptide synthesis
Identified peptides with antioxidant activity were chemically synthesized by 
GL Biochem (Shanghai , China).
Statistical analysis
Statistical analysis was performed with the SAS program for Windows V9.2 
(SAS Institute, Cary, NC, USA). General linear model (GLM) with Duncan’s 
multiple range test was carried out to analyze the significant differences 
among the processes (p<0.05).
Results
The MS analysis via LC-ESI-Q-TOF was performed to identify peptides 
which have antioxidant activity from the PP2-S-III and PP2-S-IV. As a result, 
six de novo peptides were identified, EVELKE, ENKSELSQ, WILEE, QEVC-
GTDGVT, QDDVAVPQ, and TGSSNLWVP, respectively (Table 1 and Fig. 1).
Table 1. The result of identification of peptides contained 
in chicken breast muscle hydrolysate PP2-S using LC-
ESI-MS/MS.
No. Molecular weight (Da) Amino acid sequence Fraction No.

1 746.35706 EVELKE

(Glu-Val-Glu-Leu-Lys-Glu)

PP2-S-FIII

2 934.44189 ENKSELSQ

(Glu-Asn-Lys-Ser-Glu-Leu-Ser-Gln)

PP2-S-FIII

3 689.33948 WILEE

(Trp-Ile-Leu-Glu-Glu)

PP2-S-FIII

4 1008.46710 QEVCGTDGVT

(Gln-Glu-Val-Cys-Gly-Thr-Asp-Gly-Val-Thr)

PP2-S-FIV

5 871.42920 QDDVAVPQ

(Gln-Asp-Asp-Val-Ala-Val-Pro-Gln)

PP2-S-FIII

6 960.45496 TGSSNLWVP

(Thr-Gly-Ser-Ser-Asn-Leu-Thr-Val-Pro)

PP2-S-FIV
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To investigate whether the peptides identified by MS analysis have antioxi-
dant activity, these six peptides were chemically synthesized and the ABTS 
and ORAC assay were performed (Fig. 2). The peptide QEVCGTDGVT 
(92.50±0.15%) showed the highest radical scavenging activity in ABTS as-
say (p<0.05, Fig. 2a) and it has antioxidant activity corresponding to 16.6 μM 
GE/g. Peptides TGSSNLWVP (325.10±1.18 μM GE/g) and QEVCGTDGVT 
(324.24±1.44 μM GE/g) were significantly higher antioxidant activity than 
others in ORAC assay (p<0.05, Fig. 2b).
Conclusion
From these results, it could be concluded that the deca-peptide QEVCGT-
DGVT derived from chicken breast meat hydrolysate using gastrointestinal 
enzyme has high radical scavenging and oxygen radical absorbance capac-
ity by their hydrophobic amino acid residues (Val and Thr), acidic amino acid 
residues (Gln, Glu, Asp, Asn, and Thr), and the nona-peptide TGSSNLWVP 
has high oxygen radical absorbance capacity. Further study on antioxidant 
activity by the identified peptides in vivo will be needed for their future use in 
the meat and meat products industry as functional biomaterials or a healthy 
dietetic method.
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LC-ESI-MS/MS spectrum of peptides contained in chicken breast 
muscle hydrolysate PP2-S. 
EVELKE (a), ENKSELSQ (b), WILEE (c), QEVCGTDGVT (d), QDDVAVPQ €, and 
TGSSNLWVP (f).
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Fig 2. Antioxidant activities of chemically synthesized peptides identi-
fied from PP2-S. 
ABTS assay (a) and ORAC assay (b). Different letters above bars indi-
cate significant difference (p<0.05).
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ADPase activity of myofibrils and actomyosin prepared from chicken muscle (#593)

Masanori Matsuishi, Shun Mochiduki, Daichi Maruyama, Hanayo Mizukami, Yutaro Kobayashi
Nippon Veterinary and Life Science University, School of Food Science and Technology, Tokyo, Japan

Introduction
Actomyosin (AM) is a well-known complex of actin and myosin, which hy-
drolyzed ATP into ADP to acquire energy of muscle contraction [E. D., For-
rest, J. C., Gerrard, D. E. & Mills, E. W. (2001). Principles of Meat Science, 
4th ed., Kendal/Hunt Publishing Company, Iowa, USA, pp. 73-75]. This ac-
tivity remains in vitro and develops even when AM is associated with other 
proteins to form myofibrils (MF). We found that Inosine-5’-monophosphate 
(IMP) breaks the interaction between actin and myosin to liberate those pro-
teins from MF with assistance of ADP likely to break restraints (probable to 
be Z line) against actin filament in MF [Matsuishi, M., Tsuji, M., Yamaguchi, M., 
Kitamura, N., Tanaka, S., Nakamura, Y., and Okitani, A. (2016). Anim. Sci. J., 87, 
1407-1412]. However, sometimes ADP could independently release actin and 
myosin from myofibrils. We hypothesized that actomyosin or a contaminant 
had ADPase activity to produce AMP (adenosine-5’-monophosphate) which 
can dissociate AM into actin and myosin as well as IMP [Okitani, A., Ichi-
nose, N., Koza, M., Yamanaka, K., Migita, K., Matsuishi, M. (2008). Biosci. Bio-
technol. Biochem., 72, 2005-2011]. The aim of this study is to clarify whether 
this hypothesis is true or not.
Methods
Breast meats (M. pectoralis superficials) of chicken was obtained from re-
tail shops as chilled meats and used immediately. MF was prepared from 
minced meats according to the method of Matsuishi and Okitani [Matsu-
ishi, M., Okitani, A. (2000). Meat Sci., 56, 369-377]. AM was extracted from 
meats by Weber-Edsall solution and refined by 3 times precipitation-solu-
bilization cycle according to the method of Szent-Györgyi [Szent-Györgyi 
(1951). Chemistry of Muscular Contraction, Academic Press, New York, pp. 
146-152[]. ADPase and ATPase activity of MF and AM were measured by the 
absorbance of pigment developed by the reaction between released phos-
phate and the mixture of ammonium molybdate and Amidol reagent accord-
ing to the method of Matsuishi and Okitani (2000). ADP, AMP and ATP were 
analyzed with Waters M600 HPLC system (Nihon Waters K.K., Tokyo, Japan) 
equipped with Shimpack CLC-ODS (M) column (4.6x150 mm, Shimazu Co. 
Ltd., Kyoto, Japan) according to the methods of Watanabe et al. [Watanabe, 
A., Tsuneishi, E., Takimoto, Y. (1989). J. Food Sci., 54, 1169-1172].
Results
When MF (0.25 mg/mL) and AM (0.25 mg/mL) were incubated with 1 mM 
ADP in the presence of 0.2 M KCl/2 mM MgCl2/20 mM Tris-HCl (pH8)/2 
mM NaN3 at 30°C, about 0.01 micromole of phosphate was liberated by 1 

mg proteins for 1 min, indicating that AM as well as MF has ADPase activity.
Four mg/mL of AM was incubated with 0-4 mM ADP or ATP in the pres-
ence of 20 mM Tris-HCl (pH 7.2)/2 mM NaN3/0.6 M KCl/8 mM MgCl2/1 mM 
CaCl2at room temperature for 30 min. As shown in Fig. 1, remarkable super-
precipitation was observed in the presence of 1 and 2 mM ADP as well as 2 
and 4 mM ATP, suggesting that ATP may be produced in the mixture of AM 
and ADP.
AM sample was gently stirred in the presence of 10 mM Tris-HCl (pH7.2)/1 
mM NaN3 /0.02 % TritonX-100/0.2 M KCl at 0°C for 15 min and then centri-
fuged at 9,900 x g and 4°C for 10 min. ADPase and ATPase activities of AM 
before fractionation, the obtained supernatant and precipitate were mea-
sured. As shown in Fig. 2, ADPase activity was not found
in the supernatant or precipitate, although the activity was found in the mix-
ture of the supernatant and precipitate. On the other hand, ATPase activity 
was found in the
precipitate as well as the mixture of the supernatant and precipitate. These 
results suggested that some components necessary for ADPase activity 
were separated into the supernatant and the precipitate, while actomyosin 
which was precipitated in these conditions would be responsible for ATPase 
activity.
The supernatant or the precipitate prepared from AM was incubated with 1 
mM ADP in the presence of 0.2 M KCl/2 mM MgCl2/20 mM Tris-HCl (pH8)/2 
mM NaN3 at 30°C for 0-20 min, and then trichloroacetic acid was added to 
the incubated solution to the final concentration of 4%. The mixture was 
centrifuged at 1,400 x g for 8 min and the obtained supernatant was applied 
to the analysis by HPLC. As shown in Fig. 3 (A), when the supernatant was 
incubated with ADP, the concentration of ADP decreased and that of AMP 
increased with the elapse of time, while ATP increased. Changes of these 
compounds suggested that the supernatant may contain adenylate kinase 
converting 2ADP to ATP and AMP [Kishi, F., Maruyama, M., Tanizawa, Y., 
Kanazawa, A. (1986) J. Biol. Chem., 261, 2942-2945]. On the other hand, when 
the precipitate was incubated with ADP, the concentration of ADP, AMP and 
ATP were not changed (Fig. 3 (B)). All above results suggest that actomyosin 
was bound with adenylate kinase, which converts 2ADP into ATP and AMP, 
and actomyosin ATPase hydrolyzed ATP into ADP. Phosphate and AMP was 
likely to be generated through this reaction cycle.
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Conclusion
MF and AM had ADPase activity shown by liberation of phosphate. This 
activity would be given by the reaction cycle of adenylate kinase converting 
ADP into ATP and AMP, and actomyosin ATPase hydrolyzing ATP into ADP 
and phosphate.
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Fig. 3. Changes in the concentration of ATP, ADP and AMP in the mix-
tures of ADP and the fractions. 
The fractions were prepared from AM as described in the text. Cir-
cle, ADP; square, AMP; triangle, ATP. 
 
 

 
Fig. 2. Recovery of ADPase and ATPase activities of fractions obtained 
from AM. 
Closed rectangle, ADPase activity; open rectangle, ATPase.



Notes

65th International 
Congress of Meat Science 
and Technology

773

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Fig. 1.  
Superprecipitation of AM caused by various concentrations of ADP and 
ATP. 
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P-10-25 

Mitochondrial Apoptosis And Proteolytic Changes Of Myofibrillar Proteins In Two Different Pork Muscles During 
Aging (#599)

Jiaying Zhang, Danyi Ma, Yuan H. B. Kim
Purdue University, Meat Science and Muscle Biology Laboratory, Department of Animal Sciences, West Lafayette, US

Introduction
Apoptosis has been proposed as one of the crucial biochemical processes 
that possibly involve in the postmortem meat tenderization. During muscle 
to meat conversion, rapid oxygen and nutrient deprivation could lead to the 
activation of intrinsic pathway dependent apoptosis, which is closely associ-
ated with metabolic status and mitochondria dysfunction of the muscle cells 
[1]. Further, early onset of mitochondrial apoptosis and its positive impacts 
on tenderization has been reported [2]. Given that aging response occurs 
in a muscle-specific manner, it would be reasonable to postulate that mito-
chondrial apoptotic changes and their subsequent impacts on proteolysis 
may be differently affected by different muscle types. Therefore, the objec-
tive of this study was to investigate the changes in mitochondrial apoptotic 
factors, proteolysis and tenderness of two porcine muscles (Psoas major; 
PM and longissimus dorsi; LD) during postmortem aging.
Methods
Ten pigs (average body weight 115 kg) were harvested, and both PM and 
LD muscles were collected from the carcasses at various postmortem times 
(2 h, 6 h, 24 h, 48 h, and 168 h). The samples were analyzed for several bio-
chemical traits, such as mitochondrial membrane permeability, mitochondri-
al lipid peroxidation, cytochrome c redox stability, Ca2+ uptake and released, 
the abundance of cytochrome c, desmin/troponin T degradation, and cal-
pain autolysis. The instrumental tenderness (WBSF) was also determined. 
Data were analyzed by Two-way ANOVA and PROC MIXED of SAS to com-
pare the traits across muscle types and aging times. Least square means 
were separated by least significant differences (P<0.05).
Results
Overall, the mitochondrial membrane permeability was increased at 2-168 h 
postmortem but it became significant at 6-24 postmortem in both two mus-
cle types (P<0.05; Table 1). PM had a higher membrane permeability than LD 
at 24 h postmortem (P<0.01). While a significant increase in mitochondrial 
lipid peroxidation was found in both muscle samples, PM had a greater mito-
chondrial lipid peroxidation compared with LD at 24 h postmortem (P<0.05; 
Table 1). The cytochrome c redox stability was decreased in both two muscle 
(P<0.05; Table 1). However, LD had a greater cytochrome c redox stability 
than PM at 6 h (P<0.05) and 24 h postmortem (P<0.01), respectively. More-
over, while a significant increase in Ca2+ concentration was found in both 
muscles, PM had higher Ca2+ concentration than in LD at 24 h postmor-

tem (P<0.05). PM maintained a significantly higher cytochrome c than LD 
(P<0.01; Fig 1), indicating that the rapid onset of mitochondrial apoptotic pro-
cess would occur in PM through the release of cytochrome c from mitochon-
dria. While PM had lower WBSF values than LD (P<0.01), PM maintained 
higher intact desmin and tend to have less degradation of troponin T, less 
extent of autolyzed products of calpain 1 compared to LD (P<0.01; Table 2). 
These observations indicate that the rapid onset of mitochondrial apoptosis 
of PM did not result in an increase in myofibrillar protein degradation of the 
muscle during postmortem aging.
Conclusion
The results from the current study found psoas major (well-known oxida-
tive muscle) showed the rapid onset of mitochondria apoptotic process 
compared to longissimus dorsi (well-known glycolytic muscle), evidenced 
by increases in mitochondrial membrane permeability, mitochondrial lipid 
peroxidation, Ca2+ concentration and cytochrome c level. However, those 
increases in apoptotic changes did not result in subsequent increases in my-
ofibrillar protein degradation, indicating perhaps the mitochondrial apoptosis 
mediated tenderization process could be muscle-specific. Further studies 
would be warranted to investigate the relationship between muscle-specific 
mitochondrial apoptosis and energy metabolism and their impacts on meat 
quality.
Acknowledgements
The authors would like to thank the Purdue Meat Laboratory staff and Meat 
Science and Muscle Biology Lab members at Purdue University for assis-
tance with sample and data collection.
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Figure 1. Representative western blots and densitometric analysis of 
cytochrome c 
LD: Longissimus dorsi; PM: Psoas major. Reference was from 2 h post-
mortem pork PM.

 
Table 2. Changes in instrumental tenderness, proteolysis, and calpain 
autolysis of muscles 
Changes in instrumental tenderness (WBSF), desmin and troponin T 
degradation, and calpain autolysis of porcine muscles during post-
mortem aging.
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Table 1. Changes in MMP, MLP, CRS, and Ca2+ UR of porcine muscles 
during postmortem aging.  
LD: Longissimus dorsi; PM: Psoas major; MMP: Mitochondrial membrane 
permeability; MLP: Mitochondrial lipid peroxidation; CRS: Cytochrome 
c redox state; Ca2+ UR: Ca2+ uptake and release.
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P-10-26 

Salt And Proteolysis Regulate Potential Antioxidant And Ace-Inhibitory Activities Of Parma Ham (#606)

Nicoletta Simoncini1, Roberta Virgili1, Cristina Schivazappa1, Gianmaria Romanò1, Gianni Galaverna2

1 Stazione Sperimentale per l’Industria delle Conserve Alimentari- SSICA, Dipartimento Carni, Parma, Italy; 2 Università degli Studi di Parma, Dipartimento di Scienze degli Alimenti e del Farmaco, Parma, 
Italy

Introduction
Some peptides generated during dry-cured ham maturation displayed an 
Angiotensin-I Converting Enzyme (ACE) inhibitory activity in vitro and anti-
hypertensive properties in vivo. ACE enzyme is one of the major regulators 
of blood pressure. Antioxidant activities have been also demonstrated for 
specific peptides naturally released during meat processing. A considerable 
amount of peptides and free amino acids are generated by means of the 
proteolytic process during Parma ham maturation. Proteolysis is influenced 
by meat quality (e.g. pH, enzymes activities, muscle type), and by processing 
parameters (e.g. salt amount, time of ripening).
The aim of this work is to evaluate in vitro the DPPH antioxidant and ACE-in-
hibitory activities of Parma hams differing for salt content, proteolysis de-
gree, peptide profile, and free amino acids content.
Methods
Twenty 19 months-old Parma hams, provided by one manufacturing plant 
were deboned to remove biceps femoris muscle. Samples were stored under 
vacuum at freezing temperature until analysis.
Chloride content was measured according to ISO 1841-2 (1996), using Titran-
do 809 (Metrohm Ltd Herisau, Switzerland) and expressed as g NaCl/100g 
sample. Proteolysis index (PI) was calculated as the ratio between non-pro-
tein nitrogen content after precipitation with 5% of trichloroacetic acid and 
total nitrogen content (Careri et al. J. Food Sci. 1993, 158, 968-972). Total free 
amino acids (FAA) were determined through extraction with HCl 0,1 N, pre-
cipitation of proteins with ethanol (Zhu et al. Meat Sci. 2014, 96,783-789), and 
spectrophotometric measure after derivatisation with o-Phthalaldehyde (Pa-
nasiuk et al. Food Chem. 1998, 62,363-367). The same extracts were analysed 
for DPPH radical scavenging activity (Lewin & Popov. J. Bioch. Bioph. Meth-
ods. 1994, 28, 277-282) and for ACE-inhibitory activity (Nejati et al. Food Sci. 
Tech. 2013, 51, 183-189), using FAPGG (N-[3-(2-Furyl) acryloyl]-phe-Gly-Gly) 
as substrate and Captopril® as reference inhibitor. Peptide fractions (MW < 
10 kDa) were analysed using UHPLC–ESI-MS (Paolella et al. Food Res. Int. 
2015, 67, 136-144).
Descriptive statistics and correlations (Pearson’s correlation coefficient) 
were performed using SPSS Statistics vers.21.0.
Results
The analytical parameters of Parma hams are shown in Table 1, correlation 
coefficients are reported in Tables 2 and 3.

Peptide fractions displayed a noticeable variability. DPPH is positively re-
lated to PI, FAA, and peptides except the fraction with 4000 Da < MW < 10 
kDa. Peptides with 400 Da < MW < 4000 Da showed a positive relationship 
with ACE-inhibitory activity. The highest correlation coefficients were ob-
tained for peptides with MW < 1000 Da, MW < 4000 Da, and FAA. A pro-
tracted maturation time, enabling the release of peptide fraction with MW < 
400 Da or FAA could result in a decrease of ACE-inhibitory activity. Accord-
ing to previous studies on Parma ham, the generation of assayed proteolysis 
markers is negatively influenced by the salt content (Table 3).
Therefore, the antioxidant and ACE-inhibitory activities in dry cured hams 
with low salt content could be enhanced.Table 1. Summary statistics of as-
sayed parameters
    Min. Max. Mean CV%

NaCl g/100 g 4.36 7.89 5.58 20.6

PI % 27.8 39.0 32.5 10.7

MW < 10 kDA area peptide/area internal

standard Phe-Phe

nd 1.65 0.97 50.5

MW < 4000 Da 0.29 2.44 1.42 43.7

MW < 1000 Da 0.15 1.59 0.62 59.7

MW < 400 Da 5.98 16.0 9.84 28.6

FAA mmol Leucine Eq./g 0.29 0.51 0.40 15.0

DPPHa mmol Trolox Eq./g 1.29 1.86 1.63 9.8

ACEb % inhibition/Captopril® 2.22 159.3 77.9 54.8
a. DPPH radical scavenging (antioxidant) activity 
b. ACE inhibitory activity is corrected according to the activity of the refer-
ence Captopril® (5x109M), to minimize the different activity of the substrate 
nd: not detectedTable 2. Correlation coefficient between DPPH and ACE-in-
hibitory activities and proteolysis markers
    Peptide fractions, MW  

  PI < 10 kDA < 4000 Da < 1000 Da < 400 Da FAA

DPPH 0.69 ns 0.72 0.76 0.58 0.78

ACE 0.52 ns 0.70 0.65 ns 0.51

Italic = P<0.05; bold = P<0.01; ns = not significantTable 3. Correlation coef-
ficient between salt content and proteolysis markers
    Peptide fractions, MW  

  PI < 10 kDa < 4000 Da < 1000 Da < 400 Da FAA

NaCl - 0.68 - 0.51 - 0.69 - 0.58 - 0.49 - 0.66

Italic = P<0.05; bold = P<0.01; ns = not significant
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Conclusion
Salt is confirmed as a key factor regulating proteolysis phenomena in dry-
cured ham. Salt reduction could positively contribute to the antioxidant and 
antihypertensive properties of the proteolysis products. The obtained results 
could provide new markers for nutritional quality of Parma ham.
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Metabolites correlated with dark, firm and dry occurrence in beef (#43)

Alessandra Rosa1, Nara R. B. Consolo1, Linda Samuelsson4, Luiz Carlos G. S. Barbosa1, Angel Higuera-Padilla1, Luis Alberto Colnago3, Evaldo A. L. Titto1

1 University of São Paulo, College of Animal science and Food Engineering, Pirassununga, Brazil; 2 University of São Paulo, College of Veterinary Medicine, Pirassununga, Brazil; 3 EMBRAPA Instrumenta-
tion, São Carlos, Brazil; 4 AgResearch, Grasslands Research Centre, Grasslands, New Zealand

Introduction
Dark, firm and dry (DFD) meat is a worldwide problem relating to the quality 
of fresh meat. DFD meat is characterized by a dark red or purple color and 
high pH (above 6.0) (Newton & Gill, 1981), and it can influence the shelf-life, 
tenderness and consumer acceptance, whereas beef with abnormal appear-
ance tends to be rejected (Tarrant, 1989). The occurrence of DFD meat is 
driven by the glycogen content in muscle immediately after slaughter and 
also by the muscle glycolytic capacity (Apaoblaza et al., 2015; Gerrard et al., 
2015; Immonen & Puolanne, 2000). However, the nature and origin of DFD 
meat is not yet fully understood; therefore, the objective of this study was to 
compare the  metabolites in DFD and normal meat to shed more light on the 
biochemical mechanisms involved in DFD.
Methods
A total of 75 crossbreed ½ Angus ½ Nellore young bulls were slaugh-
tered and after 24 hours the carcass pH (pH 24h) was recorded. Car-
casses were classified as DFD (pH > 6.0) or normal (pH < 5.8) (New-
ton & Gill, 1981). The longissimus lumborum (LL) muscle was sampled 
from five randomly selected carcasses classified as DFD and five classi-
fied as normal 24 h post-mortem and the meat was vacuum packed and 
aged for 14 days at 1.5∝. A total of 0.5 g of meat was used for metabolo-
mics analysis and the samples were prepared as previously described 
[if supportFields]><spanlang=EN-US style=’font-size:12.0pt;line-hei
ght:107%;font-family:”Times New Roman”,serif;mso-fareast-font-fami-
ly:”Times New Roman”;color:black;mso-ansi-language:EN-US;mso-far-
east-language:PT-BR;mso-bidi-language:AR-SA’><span style=’mso-el-
ement:field-begin;mso-field-lock:yes’></span>ADDIN CSL_CITATION 
{“citationItems”:[{“id”:”ITEM-1”,”itemData”:{“DOI”:”10.1038/nprot.2007.376”,”-
author”:[{“dropping-particle”:””,”family”:”Beckonert”,”given”:”Olaf”,”non-drop-
ping-particle”:””,”parse-names”:false,”suffix”:””},{“dropping-particle”:””,”-
family”:”Keun”,”given”:”HectorC”,”non-dropping-particle”:””,”parse-names”:-
false,”suffix”:””},{“dropping-particle”:””,”family”:”Ebbels”,”given”:”TimothyM 
D”,”non-dropping-particle”:””,”parse-names”:false,”suffix ”:””},{“drop-
ping-particle”:””,”family”:”Bundy”,”given”:”Jacob”,”non-dropping-particle”:”-
”,”parse-names”:false,”suffix”:””},{“dropping-particle”:””,”family”:”Holmes”,”-
given”:”Elaine”,”non-dropping-particle”:””,”parse-names”: false,”suf-
fix”:””},{“dropping-particle”:””,”family”:”Lindon”,”given”:”JohnC”,”non-drop-
ping-particle”:””,”parse-names”:false,”suffix”:””}],”container-title”:”NaturePr-

otocols”,”id”:”ITEM-1”,”issued”:{“date-parts”:[[“2007”]]},”page”:”2692-2703
”,”title”:”Metabolicprofiling , metabolomic and metabonomic procedures for 
NMR spectroscopy ofurine , plasma , serum and tissueextracts”,”type”:”ar-
ticle-journal”,”volume”:”2”},”uris”:[“http://www.mendeley.com/documents/?
uuid=47935e35-e7f3-47a4-a341-319e1abbe5e3”]}],”mendeley”:{“formatted-
Citation”:”(Beckonertet al., 2007)”,”plainTextFormattedCitation”:”(Beckonert 
etal., 2007)”,”previouslyFormattedCitation”:”(Beckonert etal.,2007)”},”prop-
erties”:{“noteIndex”:0},”schema”:”https://github.com/citation-style-lan-
guage/schema/raw/master/csl-citation.json”}<spanstyle=’mso-ele-
ment:field-separator’></span></span><![endif ](Beckonert et al., 2007)
[if supportFields]><spanlang=EN-US style=’font-size:12.0pt;line-hei
ght:107%;font-family:”Times New Roman”,serif;mso-fareast-font-fami-
ly:”Times New Roman”;color:black;mso-ansi-language:EN-US;mso-far-
east-language:PT-BR;mso-bidi-language:AR-SA’><span style=’mso-el-
ement:field-end’></span></span><![endif ]. One dimensional proton 
nuclear magnetic resonance (1D 1H-NMR) was used for metabolite profiling. 
1H NMR spectra were acquired at 300 K on a Bruker Avance 14.1 T spec-
trometer (Bruker Corporation, Karlsruhe, Baden-Württemberg, Germany) at 
600.13 MHz for 1H, using a BBO 5 mm probe. D2O was used as a lock solvent 
and DSS as internal reference for 1H and an internal standard for metabolite 
quantitation. 1D 1H NMR spectra were processed and metabolites quanti-
fied using the Chenomx NMR Suite Professional 7.7 software (Chenomx Inc., 
Edmonton, Canada). The quantified data of metabolites were imported to 
MetaboAnalyst 3.0 for principal component analysis (PCA), and volcano plot 
analysis which combined fold-change analysis and t-tests.
Results
Forty-five metabolites were quantified in meat by 1H NMR including amino 
acids, small peptides, and metabolites correlated with postmortem glycoly-
sis, Krebs cycle, purine metabolism, fatty acid metabolism, muscle metab-
olism, and nitrogen compounds. The majority of metabolites did not differ 
significantly (P> 0.05) in abundance between DFD and normal meat. The 
PCA scores plot (Fig. 1) showed that the PC1 and PC2 accounted for 45.6% 
and 18% of the variance, respectively. This result shows clear separation 
of DFD and normal meat, suggesting differences in metabolites abundanc-
es between the two groups. According to the Volcano plot (Fig. 2), glu-
cose-6-phosphate (G6P), creatine phosphate, glucose, threonine and glu-
cose-1-phosphate (G1P) were 2-fold more abundant in the normal meat 
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whereas ATP was 2-fold more abundant in DFD meat. As previously de-
scribed by others, the over-representation of carbohydrates and creatine 
phosphate (CP) in normal meat could be an indicator of increased energy 
metabolism, and greater glycolytic potential for normal meat compared to 
DFD meat (Apaoblaza et al., 2015; Gerrard et al., 2015). In conclusion, energy 

metabolic pathways including glycolysis and amino acid degradation were 
affected in DFD meat. 
Conclusion
In conclusion, energy metabolic pathways including glycolysis and amino 
acid degradation were affected in DFD meat. 

 
 

 
Figure 1. Principal Component Analysis (PCA) 
Principal Component Analysis (PCA) of concentrations of 45 metab-
olites in meat classified as either DFD (pH > 6.0) or Normal (pH < 
5.8).
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Figure 2. Volcano plot 
Volcano plot comparing the metabolite differences between DFD and 
Normal meat. The coloured points represent metabolites which were 
2-fold more concentrated in one group compared to the other (log 2 
(FC) -1, P < 0.05). Metabolites in the left hand part of the plot 
were overabundant in normal meat, while metabolites on the right-
hand side were overabundant in DFD meat.
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Peptidomic comparison of dry aged vs a novel stepwise aged lean bull beef (#77)

Santanu Deb-Choudhury1, Renyu Zhang1, 2, Evelyne Maes1, Stephen Haines1, Ancy Thomas1, Michelle Yoo2, Mustafa Farouk1

1 AgResearch Ltd, New Zealand, Food & Bio-based Products, Christchurch, New Zealand; 2 Auckland University of Technology, Auckland, New Zealand, School of Science, Auckland, New Zealand

Introduction
Dry-ageing (DA) is a traditional ageing process for the tenderisation and 
preservation of meat. The advent of vacuum packaging and efficiency of 
transportation has resulted in a decline in the use of DA. However, recently 
there has been a resurgence of this technique due to the unique and con-
centrated flavours generated from the DA process which are favoured by 
discerning consumers. In general, both wet-ageing (WA) and DA can pro-
duce intense aged flavours and tenderise the meat [1]. During WA, meat is 
vacuum sealed in packages and stored in a refrigerated environment where-
as during DA, the meat is aged using controlled temperature, relative humid-
ity and air flow in a refrigerated environment but without the use of packag-
ing. Although DA has been extensively studied over the last few decades, 
the unique flavours of dry-aged meat and the precursors contributing to the 
“dry-aged flavours” have not been well explored. The aim of this study was 
to compare the peptidomic profiles of meat that had undergone a novel DA 
(DA for 7 days followed by WA for 14 days) vs traditional DA (DA for 21 days) 
process to determine any impact on product quality.
Methods
Sample preparation: Lean bull beef striploins (pH=5.3) were DA in water per-
meable ageing bags (TUBLIN® 10, Denmark) for 21 d at 2 ˚C, 0.5 m/s air 
speed and 75% humidity and compared with stepwise aged samples (DA 7 
d + WA 14 d). The unaged samples served as controls.
LC-MS/MS: Peptides were extracted from beef samples using 5% aceto-
nitrile. The extracts were ultrafiltered using a 10 kDa cut-off filter and the 
peptides analysed using a nanoflow LC-MS directly interfaced to a maX-
is impact HD Q-TOF mass spectrometer (Bruker). Runs with MS/MS data 
acquired using automated data-dependent acquisition in CID mode were 
included for peptide identification.
Identification: Fragmented compounds data were imported into PEAKS Stu-
dio 8.5 [2] and interrogated without any enzyme specificity against the Bos 
taurus taxonomy of the UniProt database. A semi-quantitative approach us-
ing spectral counting of peptides was used to determine the differences be-
tween the two ageing treatments and compared against an unaged control 
sample. Two biological replicates were used per sample and a one-sample 
t-test was performed to establish statistical significance using R (version 
3.2.2).
Results
Peptide analysis: Spectral counting for semi-quantitation of proteins was 

used to evaluate differences in peptide numbers derived from each protein 
from the aged beef samples in comparison to unaged controls. The rationale 
was firstly to identify differences in the peptide profiles that may have arisen 
due to the different conditions used for ageing the samples and to determine 
if the stepwise ageing procedure was comparable to the DA only. The higher 
spectral counts of the aged samples compared to the unaged control (Fig. 
1) reflects enhanced proteolytic cleavage of meat proteins during the ageing 
processes. Both ageing procedures displayed very similar degrees of hydro-
lysis of a range of proteins, indicating comparable proteolytic activity (Fig. 1).
Taste analysis: As a proxy for sensory testing of taste properties, the bit-
terness index based on average hydrophobicity or Q value [3] of peptides 
from proteins with significant differences between the aged and unaged 
samples, was calculated. Overall only 5% of peptides from the DA only and 
6.5% from the stepwise aged samples had Q values > 1400 cal/residue, 
indicating bitterness. Peptides from nebulin contributed most towards the 
bitterness index, followed by troponin T (Fig. 2).
Conclusion
The peptidomic results strongly indicate that a reduction in the DA time from 
21 d to 7 d followed by a wet-ageing period for 14 d can produce compara-
ble peptide profiles, possibly indicating similar product qualities and greater 
economic viability for the stepwise ageing technique. 
ACKNOWLEDGEMENT: This research was supported by the AgResearch 
Ltd Strategic Science Investment Fund (A19119(B): Unlocking Value from the 
Whole Carcass).
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Figure 2. 
Percent bitter peptides released from the proteins that differ sig-
nificantly between the aged and the unaged samples 
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Figure 1. 
Semi-quantitation of proteins, based on spectral counting, between 
two different aged beef samples and un-aged control samples
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2-DE and MALDI-TOF MS-based proteomic analysis of dry- and wet-aged beef (#88)

Hyun Jung Lee1, Jae Eun Lee2, Ye Seul Heo1, Cheorun Jo1

1 Seoul National University, Seoul, South Korea; 2 Chungnam National University, Daejeon, South Korea

Introduction
   As meat and meat products are originated from animal muscle, it is import-
ant to understand its biological changes in relation to meat quality traits [1]. 
As one of scientific approaches, muscle proteins in meat and meat products 
have been analyzed for different purposes using 2-dimensional electropho-
resis (2-DE) and/or matrix assisted laser desorption ionization-time of flight 
mass spectrometer (MALDI-TOP MS) based proteomic analyses.
 Meanwhile, aging, which indicates meat storage for a certain time, can im-
prove meat palatability on the basis of biological changes by muscle proteo-
lytic enzymes [2]. It is generally classified as dry and wet aging. Dry aging 
exposes raw meat without vacuum packaging under the controlled condi-
tion (temperature, relative humidity, and air flow velocity), whereas wet aging 
stores meat vacuum-packaged. Due to the different conditions in both aging 
methods, there could be different biological changes between dry and wet 
aging. In addition, Lee et al. (2019) [2] suggested microorganisms on the 
crust (dried surface) of dry-aged beef could affect the changes in protein 
with their proteolytic enzymes; however, the scientific reports for biological 
difference within dry and wet aging are still scarce. Therefore, the objective 
of this study was to investigate the muscle proteins of dry- and wet-aged 
beef using 2-DE and MALTI-TOF MS-based proteomic analyses and com-
pare their differences.
Methods
Raw material and aging process
   A total of six strip loins (longissimus lumborum) were obtained from the 
both sides of three different carcasses (Holstein steer, quality grade 3) [3]. 
The samples were randomly assigned to two different aging methods (dry 
and wet aging, n=3 for each aging group). Prior to aging process, wet-aged 
group was vacuum-packaged and aged at 4°C, whereas dry-aged group 
was placed at 4°C, 75% relative humidity, and 2.5 m/s air flow velocity for 
28 days of aging period. The crust of dry-aged beef was trimmed off and its 
internal meat was used for the analyses.
Protein identification
The samples from each aging group were pooled and ground for further 
2-DE and MALDI-TOF MS proteomic analyses. All procedures from protein 
extraction to identification were conducted based on the method of Lee et 
al. [4]. The extracts of muscle proteins from dry- and wet-aged beef were 
loaded onto immobilized pH gradient strips ranged pH 3-10 in two differ-
ent gels(n=2 for each aging group). Four different proteins were used as 

the land marks in this study: myosin light chain 1, glycogen phosphorylase, 
phosphatidylinositol transfer protein ∝ isoform, and 3-hydroxyisobutyrate de-
hydrogenase. The detected spots in 2-DE gels were identified based on the 
databases from SWISS-PROT and NCBI.
Results
In 2-DE gels, different muscle proteins from the pH 3-10 range were detected 
in each aging group (data not shown). Among them, we selected a total of 
16 consistent spots in the same locations of two different gels and identified 
15 muscle proteins using MALDI-TOP MS analysis (Table 1). As a result, two 
antioxidative metabolism-related proteins (P00442 and GSTP), one cellular 
metabolism-related protein (UPK1B), five glycolysis proteins (PGK1, ALDOB, 
G3P, TPIS, and ENO), one immune system-related protein (C1QB), three nu-
cleotide metabolism-related proteins (HINT1, GDIR1, and P00570), and three 
protein metabolism-related proteins (A6QP89, FETUA, and Q0P571) were 
found in this study with two different aging methods.
Then, we compared the differences in muscle protein of dry- and wet-aged 
beef using the image analysis of detected spots (Fig. 1). In this study, 10 
(DS3-370, WD1-300, WD2-510, DU3-157, DU3-174, WD1-361, WD1-514, WD1-
350, WD1-244, and DU3-353) out of 16 spots in dry-aged beef showed high-
er intensities than those in wet-aged counterpart, whereas the other six 
spots (WU1-578, WU1-528, WU1-536, WU1-368, WU2-518, and WU4-469) 
were stronger in wet-aged one (Fig. 1). Dry aging occurred more proteins in 
relation to cellular metabolism, glycolysis, immune system, while wet aging 
had proteins associated with nucleotide metabolism and protein metabolism 
(Fig. 2). The differences between dry- and wet-aged beef may be attribut-
ed to moisture evaporation, microbial enzymes, and, possibly, oxidation oc-
curred during the dry aging process.
Conclusion
  Dry- and wet-aged beef had different muscle proteins with different func-
tions in biological metabolism, possibly due to their different processing con-
ditions. The results in this study suggest different aging methods could be 
contributable to different meat quality traits as well as their functionality.
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Table 1.  
MALDI-TOF MS-identified muscle proteins extracted from dry- and wet-
aged beef 
 
 
 

 
Fig 2.  
Functional categorization of MALDI-TOF MS-identified muscle proteins 
higher in (a) dry- or (b 
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Fig 1.  
2DE-page gel pattern of muscle proteins extracted from dry- and wet-
aged beef. 
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Effect of step-wise dry-ageing and trimming on the metabolite profiles of dry-aged bull beef (#286)

Renyu Zhang1, 3, Alastair Ross2, Michelle J. Yoo3, Mustafa M. Farouk1

1 AgResearch Ltd, Food & Bio-based products, Meat Quality Team, Hamilton, New Zealand; 2 AgResearch Ltd, Food & Bio-based products, Christchurch, New Zealand; 3 Auckland University of Technolo-
gy, School of Science, Auckland, New Zealand

Introduction
Dry-ageing of beef has been extensively studied in the last decade, but the 
metabolite profile remains relatively unknown. Several amino acids (trypto-
phan, phenylalanine, valine, tyrosine, glutamate, isoleucine and leucine) have 
been reported to be more abundant in the dry-aged beef than the wet-aged 
[1]. Post-ageing trimming is a common practice to remove the dry and disc-
oloured surface which results in a great loss. The combination of dry-ageing 
with wet-ageing as a step-wise dry-ageing process has been reported to 
produce equivalent and/or improved qualities in beef compared to dry-age-
ing alone [2]. Mass spectrometry-based metabolic fingerprinting using Rap-
id Evaporative Ionization Mass Spectrometry (REIMS) [3] was carried out to 
investigate the difference in the metabolite profiles arising from the different 
ageing methods and trimming practices.
Methods
Bull beef striploins were dry-aged using water-permeable ageing bags 
(TUBLIN® 10, Denmark) at a chamber set at 2 ˚C, 0.5 m.s-1 air velocity and 
75% humidity. Ageing treatment 1 (T1, n=6) used a step-wise dry-ageing 
method with 7 d of dry-ageing, followed by 14 d of wet-ageing, and ageing 
treatment 2 (T2, n=11) used straight dry-ageing for 21 d. Approximately 5 mm 
of the dry surface was trimmed from both T1 and T2. Untrimmed samples 
from T2 (n=5) was used to determine the impact of trimming. Samples were 
taken from three different positions; silver skin, trim (1 cm of the surface) 
and the centre of the meat sample for metabolomic profiling by REIMS on 
Waters Xevo® G2 QToF (Waters Corp., UK). The meat surface was electro-
surgically cut with an electronic surgical knife (depth 5 mm × length 3 cm, 
five replicates per sample and sampling position) with 15 W power setting. 
The aerosol produced from the samples was analysed in negative ion mode 
with the mass range of 50−1500 m/z. The accurate mass of detected ions 
was measured and used to tentatively identify the chemical identity of the 
ions. Identification, mass peak integration, and normalisation against total 
abundance were performed using Progenesis QI (Waters, UK) and differ-
ences between methods and sampling sites determined using Orthogonal 
Projection to Latent Structures-Discriminant Analysis (OPLS-DA) (SIMCA, 
Umetrics, Sweden). OPLS-DA models were considered to be of interest 
if the Q2 score for predictability was >0.2. The mass peak areas between 
treatments were compared using one-way ANOVA with t-test to separate 
the means at P<0.05.

Results
A clear separation was observed between T1 and T2 with Q2 value of 0.852 
suggesting that the current model was robust with good predictability to-
wards data matrix (Fig 1a). Out of 1704 metabolites that were detected and 
tentatively identified (mainly amide derivatives of amino acids and lipids, sul-
phur-containing compounds and monosaccharide/sugar alcohol), approxi-
mately 11%, were significantly (p<0.05) more abundant in T1 than T2 (Table 
1). This may have resulted from the metabolism of lipids and proteins by 
bacteria or fungus (yeast) in T1 during wet-ageing process. About 29% of 
metabolites from glycerophospholipid metabolism and/or lipid peroxidation, 
proteolysis (glutamate) and tyrosine metabolism (tyramine), were signifi-
cantly (p<0.05) more abundant in T2 than T1.
Sampling position affected the metabolite profiles of dry-aged beef. Metabo-
lites found from silver skin differed from that of the meat centre and the trim 
(Fig.1b) with a Q2 value of 0.401 suggesting an acceptable prediction was 
made in current data matrix. Metabolites from proteolysis and amino acids 
metabolism differentiated the metabolite profiles of silver skin from the meat 
centre. Only 6% of metabolites were significantly different (p<0.05) between 
the trim and the centre of meat. Meat centre was dominated by lipid metabo-
lites. A higher level of beef flavour enhancing compounds (glutamate, gluta-
mine and histidine) was found on the trim compared to the meat.
Conclusion
Metabolomic profiling in this study indicated that the step-wise dry-age-
ing may result in different metabolite profiles compared to dry-aging alone. 
Current metabolite profile of straight dry-aged beef may have resulted from 
metabolism of microorganisms and lipid oxidation. Further, trimming after 
dry-ageing may result in loss of several compounds that contribute to the 
flavour of dry-aged beef.
Acknowledgement
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Fig 1.  
OPLS-DA score plots of straight dry-aged beef vs. step-wise dry-aged 
counterparts. 
 
 
 
 
 

 
Table 1  
Putative metabolites abundant in dry-aged sample with significant 
change between treatments. 
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Fig 2.  
OPLS-DA score plot of three sampling positions of straight dry-aged 
beef samples. 
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Effects Of Cooking On Free Amino Acids And Major Metabolites Changes In Beef Of Different Shear Forces By 
HR-MAS NMR (#490)
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Introduction
Several studies about chemical composition of beef, especially on the con-
tent of free amino acids, peptides and other nitrogen compounds that are 
responsible for sensorial characteristics were reported. The cooking process 
can change these metabolites, transforming in new compounds that can 
significantly affect the flavour and beef quality. In this context, NMR was 
used to study the chemical composition of raw and cooked beef, assigned in 
two groups by shear forces values, looking for chemical markers to identify 
changes that occur during cooking and differences on tenderness.
Methods
Longissimus  dorsi steaks were taken from 28 non-castrated bulls after 
slaughter and 24 h chilling. The samples were individually vacuum packed 
and frozen stored. To Warner-Bratzler shear force (WBSF) analysis, sam-
ples were thawed at 5°C for 24 h. Steaks were cooked using an electric 
oven with top and bottom electrical resistances. Temperature was adjust-
ed to 170°C (pre-heated) and the steaks internal temperatures were mon-
itored with individual probes until they reached 71°C. Grilled steaks were 
packed into plastic bags and chilled at 7°C overnight. Six 1.27 cm cores per 
steak were taken in order to measure the WBSF using the Warner-Bratzler 
Meat Shear. Two groups were assigned according to the median value of 
the WBSF results: beef with WBSF lower than 8.86 Kg (A group, n = 14) 
and beef with WBSF higher than 8.86 Kg (B group, n = 14). To correlate the 
chemical profile of the beef according its WBSF, the samples were ana-
lyzed both raw and cooked. The NMR analyzes of the  beef were performed 
in a Bruker Avance III 500 spectrometer equipped with a HR-MAS probe, 
avoiding the manipulation of the beef to preserve all the chemical informa-
tion of the samples. The samples were homogenized in a sample preparer 
(FastPrep - 24) and packed in a 50 μL rotor, using 15.0 mg of sample and 
37.0 μL of a stock solution of D2O with 1% DSS and 2% of sodium azide. The 
measurements were done in duplicate, using rotor spinning rate of 5.0 kHz 
at 28 °C. Data were analyzed using Statistica software. In detail, the factorial 
ANOVA was performed to investigate the main differences between groups 
and cooking process (raw and cooked) as well as on the concentration of 
free amino acids, histidine compounds and other metabolites. Mean values 
were subsequently separated through the parametric Tukey HSD test. All 
statistical differences were considered significant at a level of p<0.05.

Results
The results of main metabolites identified of raw and cooked beef are shown 
in Table 1. The concentration of alanine and isoleucine increased after cooked 
in both A and B groups. IMP, fumarate and hypoxanthine metabolites, as well 
as inosine and acetate, were reduced after cooked in both A and B groups. 
When comparing groups according WBSF, concentrations of alanine, valine 
and isoleucine were higher on group of lower WBSF (A group). Also car-
nosine concentration was higher on A group, but only on cooked beef. For 
energy metabolism compounds, only lactate concentration was significantly 
different, which was higher on A group.
Table 1. Quantification of the identified compounds ± SD in raw and cooked 
beef (mg/100g of beef).
  A group (lower WBSF) B group (higher WBSF)

  Raw Cooked Raw Cooked

Free amino acids

Glutamine 197 ± 7 212 ± 10 206 ± 6 195 ± 7

Methionine 83 ± 4B 76 ± 2A 96 ± 5aA 66 ± 2bB

Alanine 103 ± 5b 188 ± 8aA 96 ± 3b 159 ± 7aB

Valine 110 ± 4A 104 ± 6A 92 ± 4B 86 ± 3B

Isoleucine 105 ± 5A 126 ± 9A 75 ± 3bB 102 ± 5aB

Histidinic compounds

Carnosine 1150 ± 19 1200 ± 22A 1171 ± 20a 1112 ± 18bB

Metabolites - energy metabolism

IMP 143 ± 6a 117 ± 8b 149 ± 7a 128 ± 6b

Creatine 1115 ± 31 1169 ± 18 1080 ± 15 1107 ± 26

Lactate 2001 ± 48bA 2497 ± 99aA 1878 ± 35bB 2111 ± 56aB

Fumarate 12.1 ± 0.9a 1.0 ± 0.4b 12.0 ± 0.8a 1.7 ± 0.7b

Hypoxanthine 60 ± 1a 51 ± 2b 59 ± 1a 47 ± 1 b

 
Other compounds

Inosine 89 ± 2a 65 ± 2b 83 ± 3a 62 ± 2b

Acetate 21.8 ± 0.7a 19.3 ± 0.6bA 20.4 ± 0.7a 17.6 ± 0.5bB
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SD: standard deviation; a,b Means comparing raw and cooked beef into 
the same group with different letters are significantly different (p<0.05); A,B 
Means comparing groups A and B into the same condition (raw or cooked) 
with different letters are significantly different (p<0.05).

Conclusion
The HR-MAS NMR technique was efficient on quantifying compounds from 
raw and cooked beef. Cooking process change concentrations of many 
compounds presents on beef. Free amino acids concentrations, like alanine, 
valine and isoleucine can be used as indicators of beef tenderness.
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Meat metabolites profile changed by ageing time (#84)
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Introduction
Metabolomics can be an important tool to predict meat quality, since metab-
olites contribute to various metabolic pathways including glycolysis, protein 
degradation and gustatory sensations (Kodani et al., 2017). The conversion of 
muscle to meat throughout the ageing process can affect meat quality due 
to structural breakdown of muscle by endogenous proteases. This can sub-
stantially improve meat palatability attributes such as tenderness, flavour, 
and/or juiciness (Ma et al., 2017). The aim of this study was to evaluate the 
metabolites of muscle and meat at different aging times using 1D 1H NMR.
Methods
A total of 50 Nellore bulls were slaughtered and Longissimus lumborum (LL) 
muscle was immediately sampled from 5 randomly selected animals. After 
24 h, the LL from the same five animals were vacuum packed and aged for 
21 days. Meat samples were collected after 1, 7, 14 and 21 days of ageing for 
metabolites investigation by 1HNMR spectroscopy. A total of 0.5 g of meat 
or muscle was used and prepared according to Beckonert et al. (2007). One 
dimensional proton nuclear magnetic resonance (1D 1H NMR) was used for 
metabolite profiling. 1H NMR spectra were acquired at 300 K on a Bruker 
Avance 14.1 T spectrometer (Bruker Corporation, Karlsruhe, Baden-Württem-
berg, Germany) at 600.13 MHz for  1H, using a BBO 5 mm probe. D2O was 
used as a lock solvent and DSS as internal reference for 1H. 1D 1H NMR spec-
tra were processed and metabolites quantified using the Chenomx NMR 
Suite Professional 7.7 software (Chenomx Inc., Edmonton, Canada). Principal 
component analysis was performed using the web-based tool MetaboAna-
lyst 2.0. The R software (REDENCE) was used to analyse data with a Bayes-
ian Clustered Linear Regression model.
Results
Thirty-one metabolites were identified in muscle and 45 metabolites in the 
aged LL. The Principal Component scores plot (PC1 73% and PC2 9.9%) 
of the metabolite concentrations (Figure 1) shows clear clustering of time-
points, suggesting differences occurring over time. A Bayesian Clustered 
Linear Regression model was applied for this data to explain the variations 
in metabolite concentrations over time (Figure 2). The vertical bars (Figure 2) 
represent the time-course behaviour of each metabolite: Time-course curve 
type A: linear; Time-course curve type B: quadratic with plateau at 7 days; 
Time-course curve type C: quadratic with plateau at 14 days. Approximately 

a third of the metabolites (including the majority of amino acids, acetate, 
hypoxanthine, creatinine, glutathione and choline) increased linearly from 
day 0 to day 21 (time-course curve type A). It can be explained by the myo-
fibrillar break down during the ageing process, releasing peptides and free 
amino acids into the meat (Koohmaraie & Gessink, 2006).  Several of the 
metabolites with time-course curve type A found in greater abundance in 
the aged beef are associated with gustatory sensations: alanine, glutamine 
and glycine are correlated with sweetness; isoleucine, leucine, phenylala-
nine, tyrosine and valine with bitterness; and glutamate with umami flavour 
of meat (Nishimura & Kato, 1988). Glucose, glucose-6-phosphate, ATP, IMP 
and O-acetylcarnitine also increased from day 0, but reached a plateau at 
day 7 (time-course curve type B). These metabolites are involved in gly-
colysis and purine metabolism, both of which are highly active immediately 
following slaughter but decrease in activity as substrates are used up and 
pH decreases (Muroya et al., 2014). Additionally, IMP and hypoxanthine are 
important in meat flavour perception, as they hold umami taste character-
istics (Muroya et al., 2014). A third of the metabolites (including glutamine, 
taurine, glucose-1-phosphate, inosine, uridine, glycerate, glycerol, fumarate, 
malonate, carnitine, lactate, betaine, creatine, pyruvate, niacinamide, car-
nosine, succinate and urea) increased in concentration from day 0 reaching 
a plateau at day 14 (time-course curve type C). These metabolites are part of 
distinctive pathways in meat, such as glycolysis, purine metabolism, Krebs 
cycle, fatty acids metabolism, protein degradation, and nitrogen metabolism. 
Some of them are correlated to meat taste and flavour, either directly or 
indirectly by being substrates in chemical reactions forming flavourful com-
pounds upon cooking:  carnosine and inosine are associated with umami 
flavour; lactate and succinate with sweet flavour (Kim, Kemp & Samuelsson, 
2016). 
Conclusion
In conclusion, the concentrations of all metabolites increased in the conver-
sion of muscle to meat as well as during ageing. Many of the released me-
tabolites are related to flavour and thus contribute to improving meat flavour 
with ageing.
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Figure 2 
The Bayesian Clustered Linear Regression model applied to the metab-
olites in muscle and meat samples. Black colour means that a partic-
ular metabolite is strongly associated with a particular time-course 
behaviour. Purple colour means that the time-course behaviour of a 
certain metabolite can be represented by two time-course behaviours. 
White colour means that a particular metabolite does not display a 
certain time-course behaviour. The graphs show the three types of 
predicted time-course curves for metabolites involved in meat age-
ing.



Notes

65th International 
Congress of Meat Science 
and Technology

796

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Figure 1 
PCA scores plot of metabolite profiles of muscle and meat at different 
time points.
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NMR-based metabolomic comparison of chicken meat from different breeds with multivariable analyses (#86)
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Introduction
Metabolomic approaches have been widely used to elucidate different bi-
ological changes in meat and meat products using chemometric analyses. 
Among them, nuclear magnetic resonance (NMR)-based spectroscopy is 
one of the leading methods as it is rapid, time-saving, and quantifying me-
tabolites simultaneously without chemical characteristics of target metab-
olites [1]. In addition, multivariable analysis (MA) using NMR could reflect 
overall metabolic information, elucidating metabolic changes or differences 
of the subject [2]. As an example, principal component analysis (PCA) and 
partial least squares (PLS) are the most popular methods in MA to differen-
tiate between classes in highly complex datasets [3]. PCA is usually used 
to check the trend in the data, while orthogonal PLS-discriminant analysis 
(OPLS-DA) was used for classification of the data [4].
Korean native chicken (KNC) is an indigenous breed in Korea which has 
unique flavor and chewy texture [5]. It generally shows slow growth, there-
fore, has been developed to increase its productivity, which may possibly 
affect characteristic meat quality traits of their own [5]. However, their dif-
ferences were not well-investigated to elucidate meat quality characteristics 
because of limited information of metabolites [6]. Therefore, in this study, the 
experiment was performed to see differences in meat between commercial 
KNC (CKNC), three different newly-developed crossbred KNCs, and com-
mercial broiler using NMR-based metabolomic approach with MA models.
Methods
Sample preparation
CKNC and three different newly-crossbred KNC A, B, and C (KNC-A, -B, 
and -C, respectively) were slaughtered at 12 weeks old (Harim Co., Iksan, 
Korea) and commercial broiler (CB; Cobb 500ff), which have similar carcass 
weight (approximately 1.3 kg) and slaughtered at the same day, was obtained 
from the same processing plant.
Sample extraction 
Prior to the extraction, the samples from breast and thigh of each breed were 
ground and pooled, respectively. Then, 5 g sample was extracted with 0.6 
M perchloric acid and lyophilized according to Kim et al. [5]. The extracts 
was reconstituted by D2O [20 mM phosphate buffer solution including 1 mM 
3-(trimethylsilyl)propionic-2,2,3,3-d4 acid (TSP)] for NMR analysis
NMR spectrum acquisition
One dimensional 1H NMR spectra were acquired based on the method from 
Kim et al. [5]. Each spectrum was recorded on an AVNACE III HD 850 MHz 

Cryo-NMR spectrometer (Bruker Biospin GmbH, Rheinstetten, Baden-Würt-
temberg, Germany). Spectra were obtained using zg30 pulse sequence with 
the lock on the D2O resonance and 128 scans were recorded. Spectra were 
processed using Topspin 3.5p7 (Bruker Biospin GmbH). The chemical shifts 
(δ) were referenced to the TSP.
Multivariable analysis
Processed spectra were used on an AMIX (Analysis of MIXtures software 
v.3.0, Bruker Biospin GmbH) for MA. The spectra were bucketed by 0.02 
ppm for data clustering from 0 to 9.5 ppm and normalized (H2O peak was 
excluded). The multivariable analyses (PCA and OPLS-DA) were processed 
by Simca 15.0 (Umetrics, Umeå, Sweden). Pathway analysis was performed 
using MetaboAnalyst (http://metaboanalyst.ca).
Results
Multivariable analysis of chicken meat extracts
Bucketed data from each chicken breeds was acquired and processed into 
MA (Fig. 1). PCA cannot separated well within the breeds from KNCs. The 
most noticeable differences was observed between KNCs and CB (Fig. 1a 
and 1b). Based on the result of PCA, we applied OPLS-DA to distinguish 
metabolic differences (Fig. 1c and 1d), KNCs were clustered and separated 
from CB. Especially in the thigh meat, CB, CKNC, KNC A and other breeds 
(KNC B and C) were well clustered. In general, KNCs and CB had different 
metabolic characteristics in both breast and thigh.
Pathway analysis and major metabolites 
To identify the exact metabolic differences, pathway analysis was performed 
and major metabolism which shows high impact is shown in Fig. 2. β-Ala-
nine metabolism, arginine and proline metabolism, and alanine, aspartate 
and glutamate metabolism were nominated in common. Additionally, glycine, 
serine, and threonine metabolism and D-glutamine and D-glutamate metab-
olism are discriminated between breast meat of KNCs and CB and phenyl-
alanine metabolism for thigh meat. The metabolites related with these major 
pathways are quantified and listed in Table 1. KNCs shows higher anserine/
carnosine content in breast meat and carnosine content in thigh meat. How-
ever, other free amino acids of KNCs showed significantly lower than CB.
Conclusion
NMR-based metabolomic approaches discriminated the chicken meats from 
KNCs as well as broiler. OPLS-DA analysis separated KNCs and broilers 
well in both breast and thigh, and following pathway analysis and investi-
gation of relative metabolites could provide clues for differences in biochem
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ical characteristics between breeds. Therefore, this study is meaningful to 
see the possibility of NMR-based metabolomic approaches in meat science 
catching the subtle differences using multivariable analyses.
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Table 1.  
Metabolites related with major pathways discovered by OPLS-DA in 
breast and thigh meat from Korean native chickens and commercial 
broiler.

 

 
Fig. 2. 
Pathway analysis from OPLS-DA using breast and thigh meat of Korean 
native chickens and commercial broiler.
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Fig. 1. 
PCA score plot of (a) breast and (b) thigh meat and OPLS-DA score 
scatter plot of (c) breast and (d) thigh meat from Korean native 
chickens.
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NMR-based metabolomics to assess metabolites correlated with beef sensory properties (#90)
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Introduction
Metabolomics is the study of biochemical processes involving metabolites, 
which characterize evidence of the occurrence of biochemical activity and 
fingerprints from specific cellular processes (Patti et al., 2012). Thus, the me-
tabolomics analysis allows a correlation between biochemical and pheno-
typic changes. Changes on meat structure and chemical properties during 
postmortem metabolism, such as protein degradation, glycogen and purine 
metabolism are responsible for producing metabolites directly or indirectly 
correlated with sensory properties (Nishimura et al., 1988). Thus, the study of 
biochemical process involving metabolites to investigate beef sensory prop-
erties may reveal precursors of meat flavor and tenderness. Therefore, this 
study was carried out to assess metabolites correlated with beef sensory 
properties.
Methods
A total of 30 Nellore and 30 crossbreed Angus x Nellore cattle (363 ± 28 
kg initial body weight and 24 months old) were slaughtered and, after 24-h 
of chilling, the left half-carcass was divided into the region between the 12th 
and 13th ribs, where two 2.5 cm thick samples of Longissimus thoracis muscle 
were obtained, vacuum packed individually and then were aged (0 to 4 °C) 
during 7 d to assess beef sensory properties and metabolites. A total of 12 
sensory sessions (nine panelists per session; a total of 108 consumer pan-
elists) were performed to evaluate the four samples (one per treatment) for 
overall liking, juiciness, tenderness, and flavor by a consumer acceptance 
test using a nine-point hedonic scale (extremely dislike – 1; extremely like – 
9) (AMSA, 2015). Additionally, a total of 0.5 g of meat (from each sample) was 
used for metabolomics analysis and the samples were prepared according 
to (Beckonert et al., 2007). One dimensional proton nuclear magnetic res-
onance (1D 1H-NMR) was used for metabolite profiling. 1D 1H-NMR spec-
tra were acquired at 300 K on a Bruker Avance 14.1 T spectrometer (Bruker 
Corporation, Karlsruhe, Baden-Württemberg, Germany) at 600.13 MHz for 
1H, using a BBO 5 mm probe. Deuterium oxide was used as a lock solvent 
and DSS as internal reference for 1H and an internal standard for metabo-
lite quantitation. 1D 1H-NMR spectra were processed, and metabolites were 
quantified using the Chenomx NMR Suite Professional 7.7 software (Che-
nomx Inc., Edmonton, Canada). From the data obtained by the sensory panel 
and the quantification of the meat metabolites, Spearman correlation coeffi-

cients (PROC CORR of SAS 9.4 software) were generated to determine the 
metabolites correlated with beef sensory properties.
Results
A total of 31 metabolites were quantified in beef samples, in which 19 were 
correlated (P < 0.10) with beef sensory properties (Table 1). Among them, 
acetate, carnosine, glutamate and glutamine were positively correlated with 
all sensory properties. On the other hand, betaine, carnitine, creatinine, glyc-
erol and isoleucine were negatively correlated with all sensory properties. 
Carnosine was medium-high correlated with overall liking (0.48; P = 0.0001), 
flavor (0.59; P < 0.0001) and juiciness (0.49; P < 0.0001), whereas betaine 
was medium-high correlated with tenderness (-0.50; P < 0.0001).
Glutamate and carnosine are generally associated with umami flavor, which 
stimulates the brain to pleasure excitations, characterizing it as a superior 
flavor to the other taste sensations (Nishimura et al., 1988). In this sense, Kim 
et al. (2016) observed a higher glutamate content associated with a high-
er flavor meat score. Likewise, Straadt et al. (2014) reported positive cor-
relations found between carnosine and the sensory attributes.  In addition, 
carnosine may act as antioxidant both through scavenging radicals and by 
metal binding (Wu et al., 2003), which could positively contribute to the ox-
idative stability of beef. Therefore, in this study, the most pronounced meat 
flavor detected by the consumer acceptance sensory test can be attribute to 
the combination of those amino acids.
Similar to our results, Straadt et al. (2014) also reported that betaine nega-
tively affects the meat tenderness, while carnosine positively affects it. Beta-
ine enhances muscle cell survival by protecting them from apoptosis (Alfieri 
et al., 2006). In muscle postmortem, the decrease in inactivation of the mus-
cle cell apoptosis cascade promotes a lower activation of caspase-3, which 
may lead to a decrease in the myofilament degradation and consequently 
decrease the meat tenderization (Picard & Gagaoua, 2017). Even though 
postmortem tenderization probably can be ascribed to proteolysis of larger 
protein structures within the meat, the amount of amino acids in the meat 
can probably be considered as markers of proteolysis (Graham et al. 2012), 
which is in agreement with the fact that the individual amino acid contents 
were correlated with meat tenderness in this study. 
Conclusion
Several amino acids contribute to changes in the meat flavor and tender
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ness. Among them, betaine and carnosine are the main meat metabolites 
correlated with beef sensory properties. Therefore, the combination of NMR 
spectroscopy and sensory analysis can be coupled through a metabolomics 
approach to find metabolites of importance for meat quality.
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Table 1. Correlations that differ significantly between beef metabolites 
and sensory properties. 
IMP = inosine monophosphate.

* P < 0.10.
** P < 0.05.
***P < 0.01.
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Characterisation of metabolites by 1D 1H NMR in drip samples of lamb with confinement odour (#102)
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Introduction
New Zealand exports more than 340 ton of lamb meat to 110 countries every 
year corresponding to around 40% of the global market. On rare occasions 
lamb meat displays “Confinement odour” (CO), which is an unpleasant smell 
observed immediately after the package is opened. While the CO dissipates 
quickly, consumers can easily mistake it for a sign of meat spoilage, even 
though the meat is microbiologically safe and wholesome to eat (Reis et 
al., 2016). The etiologies of confinement odour in lamb meat is not yet fully 
understood, and we hypothesize that metabolites present the drip samples 
as result of bacterial growth can contribute to better understanding of the 
production of CO. Thus the aim of this study was to measure metabolites 
profile in drip by Nuclear Magnetic Resonance (NMR) spectroscopy, in order 
to better understand the CO phenomenon in lamb meat on a molecular level.
Methods
Individually vacuum packed commercial lamb legs with shank on were ob-
tained from two commercial processing plants. Samples were submitted to 
various regimes of temperature/storage conditions as previously described 
by Reis, Reis, Mills, Ross, & Brightwell (2016) to generate a range of storage 
conditions prone to produce CO as well as   the absence or presence of 
persistent odour (PO). Drip was sampled and stored at -80°C until analy-
sis. 400 μL of drip was thawed and mixed with 800 μL ice-coldacetonitrile/ 
methanol/ acetone (1:1:1) to precipitate the proteins. Following centrifugation, 
the supernatant was collected and the solvent evaporated. 1D NOESY NMR 
spectra were acquired on the reconstituted extracts on a Bruker Avance 
700 MHz NMR spectrometer, using a 5 mm cryoprobe. D2O was used as a 
lock solvent and DSS as a chemical shift reference and internal standard for 
quantification. 1D 1H NMR spectra were processed and metabolites quanti-
fied using the Chenomx NMR Suite Professional 7.7 software (Chenomx Inc., 
Edmonton, Canada). Canonical Partial Least Square (CPLS) was applied to 
investigate the association of the detected metabolites with presence of CO, 
visual assessment of meat, processing plant, pH and bacterial counts. The 
data analysis was carried out using the MixOmics package for R.
Results
In this study we quantified 57 metabolites in drip samples. CPLS was applied 
to identify the association of the concentration of these metabolites with 
meat attributes including: pH, visual appearance, bloom, bacterial count, 
amount of drip and confinement odour, Reis et al. (2016). According to the 

heat map of component 2 form CPLS (Fig. 1), the colours of the pixels indi-
cated high positive correlation (red), high negative correlation (blue) or no 
correlation (yellow) between meat parameters and metabolites. The columns 
were ordered according to similarity among metabolites as assessed by hi-
erarchical cluster analysis and expressed by the dendrogram on the top. 
This results show high positive association between confinement odour and 
metabolites associated to amino acid metabolism, while negative associa-
tion is observed between these metabolites and pH. This could suggest that 
bacterial population has shift from use of glucose as carbon source to amino 
acids. These results are in alignment with the association between confine-
ment odour and production of volatiles investigated by Reis et al. (2016). 
Conclusion
In conclusion, the CO phenomenon can be correlated with some metabolites 
indicative of bacterial population.
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Figure 1 
Correlation analysis of drip metabolite concentration data and 
various meat properties. Appearance: visual evaluated by a panel 
(Gribble et al., 2014); CO: confinement odour measured by three pan-
ellists; bloom: fresh cherry-red appearance after the package was 
open; drip: volume of drip from the meat; Entro: Enterobacteriaceae 
count; APC: Aerobic bacteria counts; pH: meat pH when the package 
was open.
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Supplementary L-hydroxyproline attenuates disuse muscle atrophy-induced brain dysfunctionsbrains (#357)

Moeko Marui, Kaori Adachi, Toshiya Hayashi, Mao Nagasawa
Meijo University, Graduate School of Agriculture, Nagoya, Japan

Introduction
People desire to extend the ‘healthy life expectancy’, since life-span has been 
dramatically extended by medical developments in a few decades.  Disuse 
muscle atrophy (DMA) is induced by muscle immobility.  Elderly people have 
a higher risk of DMA owing to decline of their motor activity.  Additionally, 
DMA leads brain dysfunctions, which impairs the ‘Quality of Life’.   Thus, it 
is required the prophylaxis which is easy to introduce their daily habits for 
elderly people, such as ‘nutritional therapy’.   Collagen peptides containing 
L-hydroxyproline (Hyp) have various functions.   Orally ingested collagen 
peptides are well absorptive to tissues, and free L-Hyp is retained in the 
blood for several hours.  Accordingly, it is presumed that L-Hyp is delivered 
more effectively to the brain than collagen peptides.  In the present study, the 
effect of L-Hyp on brain dysfunction induced by DMA was evaluated from 
the perspectives of behavioral phenotypes and brain metabolism.
Methods
The experimental procedure is shown in Fig. 1.  Male 7 week-old ICR mice 
were divided into 3 groups: skin incised mice supplemented with distilled 
water (CON), muscle-atrophied mice supplemented with distilled water 
(ATR) and muscle atrophied mice supplemented with L-Hyp solution (Hyp).  
Muscle atrophied mice was cut their right ischiadic nerves.  After the sur-
gery, mice were orally administered either distilled water (10 ml/kg) or L-Hyp 
solution (5 mmol/10 ml/kg) once a day for 20 days.   On Day 21, the open 
field test (OFT) was performed.  Briefly, mice were allowed to explore in a 
black square arena for 5 minutes.  The escape latency from the center area 
was observed as an index of the anxiety-like behavior.  After 24 hours, the 
object exploration test (OET) was also performed.   Briefly, mice were al-
lowed to re-explore the same apparatus where two identical objects were 
placed.  The total number of exploration to the objects was observed as an 
index of the motivated-like behavior.  The exploration behavior was defined 
as sniffing and touching with their hands.  On Day 23, mice were sacrificed 
under the anesthesia and their hippocampi were rapidly dissected.  On Day 
21-23, the distilled water or L-Hyp solution was given 1 hour prior to each 
behavioral test and sampling.   From the collected hippocampi, water-sol-
uble metabolites were extracted and derivatized samples were applied to 
GC-MS.  Obtained data were analyzed by MS-DIAL version 3.30 (Tsugawa 
H, Nat. Methods, 2015) and MetaboAnalyst 4.0 (Chong J, Nucleic Acids Res., 
2018).  The statistical analys was performed using ANOVA accompanied by 
Tukey-Kramer test or t test.

Results
In the OFT, anxiety-like behavior was induced by DMA, however, L-Hyp sup-
plementation attenuated its aggravation.  In the OET, motivated-like behavior 
was significantly decreased by DMA.   L-Hyp ingestion slightly recovered 
the motivational deficit attributed to DMA.   Consequently, the behavioral 
dysfunctions induced by DMA were mildly prevented by the dietary L-Hyp.  
In metabolome analysis of hippocampus, many metabolites were altered 
between CON and ATR mice.   The enrichment analysis revealed that var-
ious metabolic pathways were affected by DMA.   Especially, the metabol-
ic pathways associated with energy production were altered.   Meanwhile, 
there were specifically alterations in three metabolites between ATR and 
Hyp mice.  L-Hyp and glycolate in Hyp mice robustly higher than those in 
CON and ATR mice.  Glycolate is metabolized from L-Hyp via glyoxylate and 
is the resultant final product of that pathway.  It is speculated that L-Hyp was 
transferred into the brain in surplus and metabolized to glycolate.  In addi-
tion, urate level in Hyp mice was significantly higher than those in CON and 
ATR mice.  It is suggested that L-Hyp ingestion may attenuate the abnormal 
behaviors mediated by urate increase because urate has a neuroprotective 
effect.
Conclusion
In the present study, it is investigated the prevention effect of L-Hyp for brain 
dysfunctions associated with DMA.  L-Hyp supplementation attenuated anx-
iety-like behavior and motivational deficit induced by DMA via the increase 
of urate which has a neuroprotective effects in the hippocampus.   Conse-
quently, it was suggested that supplemental L-Hyp ingestion is effective to 
prevent the brain dysfunctions in elderly people with DMA.
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Fig. 1 Experimental procedure 
Operated mice were administered distilled water or Hyp solution for 
20 days.  On Day 21 and 22, OFT and OET were performed to evaluate 
anxiety-like behavior and motivated-like behavior.  On Day 23, their 
hippocampi were collected and subjected to metabolome analysis.
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Aroma Compounds Profile In Skin And Meat From Beijing Roasted Duck (#368)

Huan Liu, Zhenyu Wang, Dequan Zhang, Teng Pan, Teng Hui
Chinese Academy of Agricultural Sciences, Institute of Food Science and Technology, Beijing, China

Introduction
Beijing Roasted duck is Chinese traditional food, and very famous due to rich 
aroma. The key aroma compounds of roasted duck are still not well clear and 
systematically analyzed. Combination of detecting and recombination model 
can avoid inaccurate drawback of traditional method by single gas chro-
matography-olfactometry-mass spectrometery (GC-O-MS), and be able to 
accurately identify aroma compounds of products. The objective of the study 
was to confirm key aroma compounds and aroma profile of Beijing roasted 
duck by using headspace solid-phase microextraction/ gas chromatogra-
phy-olfactometry-mass spectrometry (HS-SPME-GC-O-MS), odor activity 
value (OAV) and flavor omission experiments. 
Methods
2.1 Sample preparation
The four most representative brands of Beijing roasted ducks were sampled 
from traditional restaurants in Beijing, China. The ducks had the same growth 
management with a daily age of 38 days and a weight of about 2 kg. The 
ducks were roasted 60 min at 250∝ and the roasted leg skin and meat were 
selected. The nonanal (99.5%), octanal (99%), 2-furfurylthiol (97%), 1-octen-
3-ol (98%), 2-methyl-3-heptanone (99%) (internal standard) and n-alkanes 
(C7-C40, ≥97%) (external standard) and other standards were purchased.
2.2 Detection and recombination experiments of aroma compounds
The extraction and detection of aroma compounds were carried out by us-
ing HS-SPME-GC-O-MS/SIM. The identification analysis was operated by 
comparison with the mass spectrometry library, retention indices (RI), odor 
qualities and authentic flavor standards. The quantitation analysis was de-
termined by 2-methyl-3-heptanone as internal standard and 5-point internal 
standard curves of authentic flavor standards. The key aroma compounds 
of Beijing roasted duck were confirmed by OAV, flavor recombination and 
omission experiments based on triangulation test of sensory evaluation.
2.3 Statistical analysis
The aroma compounds from six roasted duck of each brand were analyzed. 
All results were operated repeatedly for six times. All statistical analyses of 
aroma compounds were conducted by SPSS 19.0 software (IBM Corpora-
tion, USA). The heatmap analysis of aroma compounds was made by Origin 
2018 software (OriginLab Corporation, USA). The results were expressed as 
the mean ± standard deviation.
Results
As shown in Table 1, 41 aroma compounds were determined in Beijing roast-

ed duck, mainly containing aldehydes, ketones, alcohols, acids, phenols, 
sulfur-containing compounds and nitrogen-containing compounds. The sul-
fur-containing compounds and aldehydes had higher contents, such as me-
thional (9.67-157.34 ng/g), dimethyl trisulfide (17.92-103.49 ng/g), 2-furfurylthi-
ol (11.05-165.00 ng/g), hexanal (11.35-778.87 ng/g), nonanal (30.74-1567.33 
ng/g) and (E, E)-2,4-decadienal (53.89-85.62 ng/g).
As shown in Figure 1, 18 aroma compounds with OAV higher than 1 were 
determined, including 12 aldehydes, 3 sulfur-containing compounds and 1 
alcohol, such as 2-furfurylthiol (2209.32≤OAV≤32999.37), dimethyl trisul-
fide (3584.83≤OAV≤20698.97), methional(48.36≤OAV≤786.72), octanal 
(69.71≤OAV≤371.88) and (E, E)-2,4-decadienal (269.47≤OAV≤428.12).
As shown in Figure 2, aroma recombination and omission experiments 
demonstrated 9 aroma compounds significantly contributed to the charac-
teristic aroma of Beijing roasted duck. These 9 key aroma compounds were 
2-furfurylthiol, dimethyl trisulfide, hexanal, heptanal, octanal, nonanal, methi-
onal, 1-octen-3-ol and (E, E)-2,4-decadienal, among which the 2-furfurylthiol 
and dimethyl trisulfide  significantly affected the aroma of roasted duck (p 
<0.01). The sensory evaluation score of recombination model with 9 aroma 
compounds was 4.5 points (0-5). The aroma characteristic of Beijing roasted 
duck were fatty, roasty and meaty aroma.
Conclusion
The key aroma compounds of Beijing roasted duck were 2-furfurylthiol, di-
methyl trisulfide, hexanal, heptanal, octanal, nonanal, methional, 1-octen-3-ol 
and (E, E)-2,4-decadienal. The major aroma profile of Beijing roasted duck 
were strong fatty, roasty and meaty.
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Aroma profile of Beijing roasted duck (RD) compared with that of the 
aroma recombination model (RM) 
RD, roasted duck; RM, recombination model.
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Heatmap analysis of aroma compounds 
A tp, roasted duck A leg skin; A tr, roasted duck A leg meat; B tp, 
roasted duck B leg skin; B tr, roasted duck B leg meat; C tp, roast-
ed duck C leg skin; C tr, roasted duck C leg meat; D tp, roasted 
duck D leg skin; D tr, roasted duck D leg meat.
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Quantitation of aroma compounds in skin and meat from leg of Beijing 
roasted duck 
A tp, roasted duck A leg skin; A tr, roasted duck A leg meat; B tp, 
roasted duck B leg skin; B tr, roasted duck B leg meat; C tp, roast-
ed duck C leg skin; C tr, roasted duck C leg meat; D tp, roasted 
duck D leg skin; D tr, roasted duck D leg meat.
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Carnosine alleviates Motivational Deficit under Chronic Stressful-like Conditions in Mice (#370)

Kaori Adachi, Moeko Marui, Toshiya Hayashi, Mao Nagasawa
Meijo university, Department of Applied Biological Chemistry, Faculty of Agriculture, Nagoya, Japan

Introduction
The World Health Organization has reported over 450 million people have 
an episode of mental disorder induced by chronic stress, and the number of 
patients is increasing now.  It is important that the mental disorder have to 
be prevented to onset while its initial symptom is presented.   The motiva-
tional deficit is one of initial symptoms of mental disorder including depres-
sion, anxiety and schizophrenia.  Therefore, we focused on the motivational 
deficit induced by chronic stress.  Recently, cytokine hypothesis in mental 
disorder has been proposed, since there are a lot of evidences about the 
relationships between chronic stress and brain inflammation.  Thus, lipopoly-
saccharide (LPS) model has been paid attention to study the mechanism for 
chronic stress.  LPS injection induces the inflammatory response as well as 
chronic stress in animal body including the brain, resulting in the release of 
inflammatory cytokines and chemokines.  In this way, physiological response 
in LPS injected conditions well mimics that in chronic stressful conditions.  
In fact, depression-like behavior was caused by high concentration of LPS 
(800 µg/10 mL/kg), while few papers reported about the initial symptoms 
of mental disorder, which is including motivational deficit, induced by lower 
LPS dosages.  Our preliminary studies revealed that the motivational deficit 
is induced in LPS model.  Carnosine (β-alanyl histidine) which is principally 
distributed in mammalian skeletal muscle and brain is known to exert the 
anti-inflammatory and anti-oxidant effects.  Therefore, we investigated that 
daily supplementation of carnosine affects the motivated behavior in LPS 
model in mice.
Methods
Male seven-week old ICR mice were orally administered the distilled water 
(10 ml/kg) or carnosine solution (0.8 mmol/ 10 ml/kg) for 8 days.  On Day 7, 
each mouse was freely explored in the experimental arena (width: 60 cm × 
length: 60 cm × height: 40 cm) for 5 minutes, followed by the intraperitoneal 
injection of PBS (10 ml/kg) or LPS solution (400 μg/ 10 ml/kg).  After 24 hours 
from an injection, every mice were re-explored the same experimental arena 
in which two novel objects were placed for 5 minutes.  In this experiment, the 
total duration of object exploration was observed as an index for motivated 
behavior in mice.  The exploratory behavior to novel objects was defined as 
touching with their two hands.  Immediately after each behavioral observa-
tion, the mouse was sacrificed under anesthesia, and the hippocampus was 
dissected from the brain on iced dish, homogenized, and the water-soluble 
component was extracted.   The remaining sample was freeze-dried, deri-

vatized samples were subjected to GC-MS.  GC-MS results were analyzed 
by MS-DIAL version 2.82 (http://prime.psc.riken.jp/) and Metaboanalyst 4.0 
(https://www.metaboanalyst.ca/).   The statistical analysis was performed 
using ANOVA accompanied by Tukey-Kramer test or t test.
Results
The total duration of object exploration was significantly decreased by LPS 
administration, indicating the decline of motivation.  However, daily carnosine 
treatment slightly attenuated the decline of motivation induced by LPS ad-
ministration.  Therefore, carnosine supplementation may be useful for allevi-
ating the motivational deficit.  In the present study, metabolome analysis pro-
posed the alteration of metabolic pathways in the hippocampus under the 
loss of motivation induced by LPS treatment.  LPS treatment predominantly 
influenced the glucogenesis and glycolysis.  These metabolic dysfunctions 
may lead the loss of motivation.  In addition, the present study revealed that 
carnosine supplementation partially improved metabolic dysfunction in-
duced by LPS treatment.  Daily supplementation of carnosine cancelled the 
significant increase of phosphoethanolamine level in LPS treated mice.  Pre-
vious studies reported that phosphoethanolamine is released from nerve ex-
tracellular in the brain under ischemic state and increased by chronic stress 
such as social defeat stress.  The brain in LPS treated mice might have dam-
aged by chronic stress-like conditions, and consequently phosphoethanol-
mine level might have increased in the hippocampus.  There is a possibility 
that the prevention of increase in phosphoethanolamine links to therapy of 
LPS-induced brain dysfunction.   Alleviation of motivational deficit induced 
by carnosine supplementation may be mediated by the reinstatement of the 
abnormal phosphoethanolamine level in the hippocampus of LPS injected 
mice.
Conclusion
Dietary carnosine slightly attenuated the depressed motivation under chron-
ic stressful-like conditions induced by LPS treatment in mice.  LPS treatment 
affected various metabolic dysfunctions in the hippocampus.  However, car-
nosine supplementation reinstated the elevated phosphoethanolamine level 
induced by LPS treatment.  Resultant this improvement might have alleviat-
ed the motivational deficit in LPS injected mice. 
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Experiment procedure. 

 
The motivated behavior was evaluated by  Object Exploration Test . 
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Comparison of antioxidant dipeptides and reducing sugar between native chicken and broiler (#399)

Ki-Chang Nam1, Mahabbat Ali1, Samooel Jung2, Cheorun Jo3

1 Sunchon National University, Department of Animal Science and Technology, Suncheonro, South Korea; 2 Chungnam National University, Department of Animal Science and Biotechnology, Daejeon, 
South Korea; 3 Seoul National University, Department of Agricultural Biotechnology, Center for Food and Bioconvergence, and Research Institute of Agriculture and Life Science, Seoul, South Korea

Introduction
Now a day’s chicken meat has been considered superior to red meat as it has 
many health benefits with less fat and cholesterol [1]. Some bioactive endog-
enous compounds such as carnosine (∝-alanyl histidine), anserine (1-meth-
yl carnosine) in the skeletal muscle of vertebrate animals are considered 
as strategy for poultry production [2]. Carnosine and anserine have been 
known as excellent anti-oxidant dipeptides, preventing of diseases resulting 
from lipid oxidation in skeletal muscle and as an activator of several enzymes 
including calpain II, myofibrillar ATPase, and phosphorylase [1]. The main 
carbohydrates with flavour-forming potential include ribose, ribose-5-phos-
phate, glucose and glucose-6-phosphate [3]. The aim of this study was to 
determine the concentration of antioxidant dipeptides (carnosine, and an-
serine) and reducing sugar between the native chicken (a commercial breed 
and 3 breeds in a breeding program) and the broiler.
Methods
In total, 500 chicks of native chicken (HH: commercially available Korean 
native chicken; 2A, 2C, 2D:  three different newly developed native chicken 
under breeding) and broiler were reared at experimental farm of corporation 
Harim (Gimje, Republic of Korea) and fed ad libitum similar commercially 
formulated feed containing 18% concentrated protein and 2800 kcal/kg of 
ME. Native chicken and broiler were reared up to 12 weeks. After slaughter, 
then carcass were vacuum-packed after chilling at 4∝ for 24 h and stored in 
a freezer at -20∝ until analysis. The contents of carnosine and anserine were 
determined by Hydrophilic chromatographic determination technique using 
HPLC (1580R, GYROZEN Co., Ltd), and reducing sugar was measured by di-
nitrosalicylic acid method. Statistical analysis was done by GLM procedure 
using SAS (version 9.4, SAS institute inc, Cary, NC, USA.). A significance 
test between the results was used by Turkey’s multiple range test (p<0.05). 
The results of the analysis are presented as standard errors of the mean and 
the least-squares means.
Results
After investigation we found that, the carnosine content of HH breast meat 
was 511.05 (mg/100 g) which was significantly higher (p<0.05) than that of 
broiler (Fig. 1). The carnosine contents of other new native chickens in breast 
meat were also higher than the broiler. But in thigh meat, HH contained 131.67 
(mg/100 g) of carnosine and observed higher among all treatments but did 
not show any significant (p>0.05) difference between broiler and new native 

chickens (Fig. 1). In terms of anserine content, HH (1525.81 mg/100 g) and 
new native chicken breeds had significantly higher than broiler in the breast 
meat, but in thigh meat HH contained 356.542 (mg/100 g) of anserine and 
observed no significant differences (p<0.05) among the treatments (Fig. 1). 
And, between of native chicken and broiler, new developed native chickens 
(2A, 2C, and 2D) particularly 2C contained 93.35 (mg/100 g) of reducing 
sugar in breast meat and differed significantly (p<0.05) from other native 
chicken and broiler but in case of thigh meat 2A contained 30.87 (mg/100 
g) of reducing sugar that was higher among all treatments but no significant 
difference (p<0.05) was observed (Fig. 1). Thus, the new developed native 
chickens may be incorporated in poultry meat production stratagem along 
with HH which are superior than broiler meat in terms of antioxidant dipep-
tides and reducing sugar content.
Conclusion
A commercial native chicken breed and newly developed native chicken 
breeds (2A, 2C, and 2D) are better than broiler in terms of carnosine and an-
serine content. Native chicken breeds had higher content of reducing sugar 
than broiler. The differences of the antioxidant dipeptides and reducing sug-
ar between native chicken breeds and broiler were more distinct in breast 
meat compared with thigh meat. So, this work may be regarded as bench-
mark for poultry breeder to take into consideration on breeding policy to get 
more functional compounds as well as desirable quality.
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Fig. 1: Carnosine, anserine, and reducing sugar content (mg/100g) of 
chicken breast meat between nat 
HH: commercial native chicken breed;  2A, 2C, 2D: newly developed 
native chicken breeds under a breeding condition. Different capital 
letters indicate the statistically significant (p<0.05) in breast 
meat.  Different small letter indicate the statistically significant 
(p<0.05) in thigh meat.
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Changes in taste-traits of pork cuts during dry aging (#412)

Se Jin Lee1, Eun Yeong Lee1, Young Hwa Hwang2, Seon Tea Joo1, 2

1 Gyeongsang National University, Division of Applied Science (BK21+), Jinju, South Korea; 2 Gyeongsang National University, Institute of Agriculture & Life Science, Jinju, South Korea

Introduction
Fresh meat often extends the aging period to make it taste better. It is now 
well known that post-mortem aging is related to meat palatability attributes 
in terms of tenderness, juiciness and flavor because of a structural break-
down of muscle by proteases enzymes. Because dry-aging leads to con-
centration of major nutrients such as protein, fat, minerals etc., when the 
dry-aged meat is chewed, fat-like juicy materials are released which lead to 
increased flavor, umami and other sensory attributes. However, most studies 
have been conducted on dry-aged beef, and very little research has been 
done on dry-aged pork. Therefore, the changes in taste compounds and 
sensory characteristics of pork belly and shoulder blade cuts which are 
commonly used for traditional Korean meat cooking “Gogi-gui”, were investi-
gated during 21 days of dry-aging.
Methods
Ten belly and shoulder blade cuts were divided into wet-aging (vacuum 
packed) treatment and dry-aging (without packed) treatment, and were 
aged at 2°C in a refrigerator for 21 days. The contents of nucleotides and 
free amino acids, sensory panel scores and electronic tongue analysis were 
investigated at different aging periods (1, 7, 14 and 21 days).
Results
The IMP content decreased with increasing aging period (Fig. 1). The content 
of inosine and hypoxanthine increased as the aging period lengthened to 21 
days, and those of the dry-aged pork cuts increased at a faster rate than 
wet-aged pork cuts. The hypoxanthine content of the dry-aged pork cuts on 
21 days of aging was significantly (p<0.05) higher than those of wet-aged 
pork cuts. Dry-aged pork cuts did not differ in total free amino acids and 
glutamic acid contents from wet-aged pork cuts until the 7th day of aging, 
but has increased significantly (p<0.05) thereafter (Fig. 2). After 21 days of 
aging, the most free amino acids except Asp, Cys, and Met in dry-aged pork 
cuts were increased significantly (p<0.05) as compared to wet-aged pork 
cuts (Table 1). The overall palatability score of dry-aged pork cuts evaluated 
by trained panel were higher than those of wet-aged pork cuts, although 
the juiciness score decreased more rapidly than wet-aged pork. When rela-
tive umami and sourness intensity values evaluated by the electronic tongue 
system were computed from baseline in first day of aging, umami intensity of 
dry-aged pork cuts increased more rapidly and the values were significantly 
(p<0.05) higher than those of wet-aged pork during 21 days of aging (Fig. 
3). Contrarily, the sourness values of dry-aged pork cuts decreased more 

rapidly compared to wet-aged pork cuts, and there were significant (p<0.05) 
differences in sourness between wet- and dry-aged pork cuts on the 14th 
and 21st day of aging. However, there were no significant (p>0.05) differenc-
es in bitterness, astringency, saltiness, and richness (aftertaste of umami) 
between wet- and dry-aged pork cuts during 21 days of aging.
Conclusion
The taste compounds of dry-aged pork cuts increased rapidly during 21days 
of aging, and the contents of inosine and hypoxanthine of dry-aged pork 
cuts were higher than those of wet-aged pork cuts. The total free amino 
acids of dry-aged pork cuts also increased more rapidly compared to wet-
aged pork cuts. Consequently, sensory flavor and palatability scores of dry-
aged pork cuts were higher than wet-aged pork cuts, although juiciness 
score decreased more rapidly. The faster increasing and higher umami inten-
sity was observed in dry-aged pork cuts from electrical tongue analysis, and 
this was thought to be the main reason for the better sensory palatability of 
dry-aged pork compared to wet-aged pork.
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Fig. 3. Relative changes in umami and sourness of wet- and day-aged 
pork cuts 
Different letters indicate significant differences (p<0.05) between 
wet- and dry-aged pork cuts.

 
Fig. 2. Changes in concentration of total free amino acids and glutamic 
acid in dry-aged pork 
Different letters indicate significant differences (p<0.05) between 
wet- and dry-aged pork cuts.



Notes

65th International 
Congress of Meat Science 
and Technology

818

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Fig. 1. Changes in nucleotides content of wet- and dry-aged pork  
Different letters indicate significant differences (p<0.05) between 
wet- and dry-aged pork cuts.
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NMR-based metabolites profiling of wet and dry aged pulsed electric fields treated venison (#462)

Tanyaradzwa Mungure1, John E. Birch1, Alan Carne2, Ian Stewart3, Mustafa Farouk4, Maryann Staincliffe4, Alaa El-Din A. Bekhit1

1 University of Otago, Food Science, Dunedin, New Zealand; 2 University of Otago, Biochemistry, Dunedin, New Zealand; 3 University of Otago, Chemistry, Dunedin, New Zealand; 4 AgResearch NZ Limit-
ed, Ruakura Research Centre, Hamilton, New Zealand

Introduction
Storage of meat under specified conditions (aging) improves its palatability. 
This improvement is attributed to proteolysis of muscle structural proteins 
over the aging time and as such changes in the meat metabolites profile. 
Metabolomics, the study of metabolites, is an emerging technique that anal-
yses small molecular weight compounds (MW<1.5kDA). Metabolomics has 
recently been utilised to study changes in tenderisation and flavour pre-
cursors during storage [1]. Proteolytic processes during aging generate free 
amino acids, water-soluble sugars, dipeptides, nucleotide derivatives and 
organic acids. These metabolites contribute to flavour, tenderness, colour 
stability and overall palatability of red meat products [2].
This study investigated the effects of aging regime (wet vs dry, 65% relative 
humidity (RH) and 80%RH) and application of pulsed electric fields (PEF) 
treatment on the metabolites profile of venison. Most studies have focused 
on the metabolic profile of wet and dry aged beef, but this current research 
group is the first to investigate and compare the metabolite profiling distribu-
tion of wet and dry aged venison using NMR-based metabolomics coupled 
with multivariate analysis (principal component analysis, PCA).
Methods
Venison loins (M. longissimus et lumborum, LL) were obtained from twelve 
2-year-old hinds (average cold carcase weight of 113 ± 6.7 kg and 108 ± 9.8 
kg) over 2 slaughter days that were used for 65%RH (n = 6) and for 80%RH 
(n = 6), respectively. The left and right loins from each carcase were ob-
tained at 24 h post-mortem, processed into blocks of average weight of 318 
± 11.6 g, avoiding any visible fat and connective tissue. The blocks were ran-
domly distributed to wet-aged control, dry-aged control, wet-aged low PEF, 
dry-aged low PEF, wet-aged high PEF, and dry-aged high PEF. Total specif-
ic energy was approximately 1.93 kJ.kg−1 for LPEF (2.5 kV, 50 Hz and 20 µs) 
and 70.2 kJ.kg−1 for HPEF (7.5 kV, 50 Hz and 20 µs). The first set of samples 
(n = 6) were dry-aged in a chiller at 65%RH for 10 days, vacuum packed and 
stored for 11 days. The second set (n = 6) were dry-aged at 80%RH for 21 
days at 4°C. NMR spectroscopy, metabolite identification, verification, quan-
titation and processing were conducted as described by Kim et al., (2016).
Results
Across the two trials, a total 16 of 34 identified (see representative  NMR 
spectrum in figure 1.) metabolites differed significantly between wet and dry-
aged venison (p<0.05). Dry-aged samples had higher levels in nine of the 

12 identified amino acids than wet-aged samples (p<0.05). These higher 
concentrations may be attributable to evaporation of water and increased 
protein hydrolysis during the dry-aging treatment. The sugars, glucose and 
mannose, and of the alcohols identified, glycerol, were higher in the dry aged 
samples (p<0.05).
The organic acid and purine derivative lactate and inosine monophosphate 
were abundant and significantly higher in both trials for wet-aged samples 
(p<0.05), possibly explaining the elevated sour taste and strong umami attri-
butes in wet compared to dry-aged meat previously reported [3].
PEF treatment and RH were not found to have any effect on the metabolites 
profile (p > 0.05). The PCA  applied on the 65%RH samples showed the first 
2 PCs explained  46.58% of the cumulative variance  (shown in Figure 2.). 
PC1 explained 33.61% of the variance and 12.97% by PC2. The PCA model 
using projection onto two dimensions of PC1 and PC2 showed some clus-
tering according to the aging method. The 80%RH trial (shown in Figure 3.) 
also showed the same phenomena with a cumulative  variance of 40.22% 
explained. The PC1 explained 30% of the variance and 10.22% by PC2. The 
aging method had an effect with dry aged in the positive PC 1 (blue circle) 
and wet as negative PC1 (red circle) in both trials.
Conclusion
The metabolomic analysis highlights clear differences in the profiles of the 
two aging regimes where build-up of characteristic metabolite flavour pre-
cursors is attributable to the processing conditions. PEF treatment and RH% 
do not have any effect on these profiles.
Reference
1. Kim, Y. H. B., Kemp, R., & Samuelsson, L. M. (2016). Effects of dry-aging 

on meat quality attributes and metabolite profiles of beef loins. Meat 
Science, 111, 168-176.

2. Kodani, Y., Miyakawa, T., Komatsu, T., & Tanokura, M. (2017). NMR-based 
metabolomics for simultaneously evaluating multiple determinants of 
primary beef quality in Japanese Black cattle. Scientific reports, 7(1), 1297.

3. Zhang, J., Yi, Y., Pan, D., Zhou, G., Wang, Y., Dang, Y., He, J., Li, G., & Cao, 
J. (2019). 1H NMR-based metabolomics profiling and taste of dry-cured 
boneless hams during processing. Food Research International, 122, 114-
122.
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PCA score and loading plots of identified metabolites from wet and 
dry aged venison, 65%RH 
Figure 2. PCA score and loading plots derived from 1H NMR spectra of 
identified metabolites of wet and dry aged venison in 65%RH trial. 
The two PC’s explained 46.58% of the cumulative variance. The PC1 
showed some clustering according to aging method 
 
 
 
 
 
 

 
Representative 1H NMR spectrum with metabolite chemical shifts 
Figure 1. 1H NMR spectra with labeled chemical shifts of metabolites 
from aged venison.
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PCA score and loading plots of identified metabolites from wet and 
dry aged venison, 80% RH  
Figure 3. PCA score and loading plots derived from quantitative 1H 
NMR analysis of identified metabolites of wet and dry aged venison in 
80%RH trial.
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Intramuscular fat selection in rabbits modifies microbial genes for energy metabolic routes (#499)

Marina Martínez Alvaro, Agostina Zubiri, Agustín Blasco, Pilar Hernández
Univesitat Politècnica de València, Institute for Animal Science and Technology, Valencia, Spain

Introduction
Intramuscular fat content (IMF) improves meat quality by increasing the ten-
derness, juiciness and flavour. An experiment to study the genetic basis of 
IMF deposition was developed in rabbits, consisting of two lines from a com-
mon genetic origin and divergently selected for IMF for ten generations. The 
IMF difference between lines in the 9th generation was 0.44 g/100g. In this 
study we investigate the changes on microbe’s genome in cecum, identify-
ing the metabolic routes modified by the selection for IMF. Out hypothesis 
is the existence of cause consequence link between the host genetic profile 
and their metagenomics composition.
Methods
Thirty-three rabbits from the 10th generation of selection; 16 and 17 from each 
of the two selected lines for high (H) and low (L) IMF, respectively, were 
slaughtered at 9 wk of age after a 4 hours of fasting period. Cecum content 
samples were collected immediately after slaughter, frozen in liquid nitrogen 
and stored at -80ºC. Samples were sequenced with an Illumina NextSeq 
instrument. Generated paired-end reads were in average of 2 x 150 bp of 
length. Reads were aligned to KEGG genes database (http://www.kegg.jp), 
and 6230 microbial genes were identified. Metagenomic data were pre-pro-
cessed using the centered log ratio (clr) transformation due to their composi-
tional nature. Distinct microbial genes between the two lines were identified 
using Projection to Latent Structures Discriminant Analysis (DA-PLS, SIM-
CA, P+ 15.0.1, Umetrics (Umea, Sweden)) with a H/L categorical vector as 
dependent variable and the microbial genes as independent variables. The 
selection of variables was based on the variable importance for projection 
criterion (VIP) where we consider microbial genes with a VIP<1.0 contribute 
little to the prediction and are removed until the DA-PLS model starts losing 
predictive ability (Q2). The final model was built with 5 latent components af-
ter a cross validation procedure, including 65 microbial genes. The metabolic 
pathways involving these genes were identified.
We focused our attention in a set of 10 genes involved in energy metabolic 
routes in the gut microbiome. A new DA-PLS model was analysed including 
only these 10 genes. Only one latent component was selected after cross 
validation. Then, we estimated the marginal posterior distributions of the dif-
ferences between H and L lines for the relative abundance of these genes 
using the Rabbit software (Institute for Animal Science and Technology, Uni-
versitat Politècnica de València). From these marginal posterior distributions, 
we obtained their median and the probability of the difference being positive 

when the difference was higher than zero or negative when it was lower than 
zero (P).
Results
A correlated response to selection for IMF was shown in the relative abun-
dance of 65 microbial genes in rabbit cecum, identified by DA-PLS. These 
65 genes were able to explain a 90.0% of the H and L classification variability 
after a cross validation model test (Q2). These 65 microbial genes coded for 
proteins involved in several metabolic pathways, being the most important: 
energy metabolism (10 genes), signal transduction (6), lipids (1), nucleotides 
(1) and aminoacids metabolism (3), membrane transport (3), replication and 
repair (2), translation (1) or metabolism of cofactors and vitamins (2). In this 
work, we focused in the microbial genes involved in the energy metabolic 
pathways. Analysing these genes in DA-PLS model, they explained a 51% of 
the total variability (Q2).
Table 1 shows microbial genes involved in the energy metabolism show-
ing different relative abundance between lines.   Line H showed a higher 
abundance of three genes, one involved in methane metabolism (K14067 
malate-CoA ligase subunit beta, P=1.00), the second involved in carbon 
metabolism (K00029 malate dehydrogenase, P =0.92) and the last in the 
metabolism of mannose and fructose (K01813 L-rhamnose isomerase, P = 
1.00). In L line, seven genes were more abundant, two of them involved in 
amino sugar and nucleotide sugar metabolism (K15897 UDP-2,4-diacetami-
do-2,4,6-trideoxy-beta-L-altropyranose hydrolase and K13015 UDP-N-ace-
tyl-D-glucosamine dehydrogenase with P = 0.95 and P = 0.98, respectively).
Conclusion
This preliminary analysis highlights the importance of the gut microbiome 
in the muscular lipid deposition in rabbits and shows that selection for IMF 
led to a correlated response in their metagenomics profile. In this study, we 
focus on the correlated response to selection in the microbial genes involved 
in the energy metabolism, and we show an enrichment of different metabolic 
routes in H or L lines. These results imply a link between the genes of the 
individual and the genes of its gut microbes.
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Table 1.  
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Analysis of aging type and time of beef by 1H-NMR spectroscopy (#505)

Greta Bischof1, Franziska Witte1, Andreas Juadjur1, Volker Heinz1, Monika Gibis2, Nino Terjung1

1 German Institute of Food Technologies e.V., Quakenbrück, Germany; 2 University of Hohenheim, Institute of Food Science and Biotechnology, Stuttgart, Germany

Introduction
There are two commercial methods of beef aging, under vacuum for 3 to 
83 days, also called wet aging, and dry aging without packaging for several 
weeks [1]. Since metabolites are responsible for taste and tenderness of beef 
after cooking, analysis of metabolome is necessary to detect aging effects. 
NMR spectroscopy is used e.g. to detect flavor precursors in beef [2]. NMR 
spectroscopy makes it possible to separate different beef samples into aging 
type and aging time.
Methods
Left and right bone-in strip loins of heifers of race ‘Schwarzbunte’(3) and 
‘Fleckvieh’(1) were used. Left strip loin was aged under vacuum; right strip 
loin was dry aged (dry aging chamber). Aging time was set to 28 days with 
sampling on day 0, 7, 14, 21 and 28 on left and right strip. 0.2 g of sample is ho-
mogenized with 0.4 mL CH3OH, 0.29 mL H2O and 0.4 mL CHCl3. Following 
by cooling 10 min on ice. Samples are centrifuged at 6900 rpm and 20 min 
at 4°C. The upper phase is the phase of interest and  is dried under vacu-
um. Dissolving the extract in 200mM Na2HPO4 + 10% D2O + 80 µL internal 
standard (100mM imidazole + 11mM maleic acid + 0.33% TSP-d4). After ad-
justing the pH to 7, 600 µL are filled in a NMR tube. A Bruker 400 MHz As-
cend NMR spectrometer (Bruker Biospin GmbH) was used. 1H-NMR spec-
tra are acquired for each sample with a noesygppr1d pulse sequence with 
following parameters: spectral width, 8.403 kHz; no. of points, 65k; no.  of 
scans, 128; acquisition time, 3.9s. The processing (phasing and baseline cor-
rection) is performed by Topspin 3.5. To identify the metabolites in spectra, a 
comparison with NMR database (Bruker) and literature [2,3] was used. The 
standards for different metabolites were measured using the same method 
to substantiate the comparison of sample and database. The data were an-
alyzed with Matlab R2018a (Mathworks). The statistical analysis was based 
on principal component analysis (PCA) for dimension reduction and linear 
discriminant analysis (LDA) for testing  separation of samples  into groups 
(wet or dry) to determine aging type. To analyze correlations between con-
tents of metabolites and aging time, correlation coefficient with alpha of 0.05 
was utilized.
Results
Aging type: The resulting spectra were statistical analyzed by PCA and 
LDA to separate these samples in dry or wet aging group. The spectra of 
samples of race ‘Schwarzbunte’ were differed in several aging type (Fig.1A). 

After adding the spectra from the second race ‘Fleckvieh’ in the LDA model, 
the model does not fit for the other race (Fig.1B). It might be because each 
race has a different starting metabolome and therefore the concentrations 
of metabolites may vary between races at the beginning. The Metabolites, 
which change depending on aging type (aging period = 7 to 28 d) are ala-
nine, inosine monophosphate (IMP), inosine, methionine, carnosine, gluta-
mine, fumaric acid and lactic acid with a higher content in dry aged beef 
and tyrosine and glutamate with a lower content. In comparison, Kim et al. 
postulated, that several metabolites (phenylalanine, tryptophan, valine, tyro-
sine, glutamate, isoleucine and leucine) have a higher content in dry than in 
wet aged beef. In this case, the aging type of 15 bulls (unknown races) was 
analyzed after aging 21d [2]. Possibly these differences result from the con-
sideration of different aging times and sample numbers.
Aging time: By comparing spectra of different aging times, content of 
the metabolites leucine, valine, isoleucine, glutamate, phenylalanine, tyro-
sine and inosine increased with aging time whereas the content of IMP de-
creased (Fig.2). A correlation between these metabolites with the aging time 
is obvious (Tab.1), whereby the highest correlation to aging time is the con-
tent of valine, leucine and isoleucine. The lowest correlation is shown in con-
tent of alanine. As also described in literature, it is possible to determine the 
aging time of beef with NMR spectroscopy. For example, Graham et al. with 
44 samples of beef of unknown races and different aging times showed the 
separation into different aging time groups by PCA [4]. Moreover, Kodani et 
al. identified metabolites (leucine, isoleucine, valine, alanine, lactic acid, cre-
atine, carnitine, acetic acid) that correlate over an aging time of 10 weeks (29 
samples, race ‘Japanese Black’) [3].
Conclusion
To conclude, the differentiation of aging type and time with NMR spectros-
copy is possible. Through different aging type and time of beef, the metab-
olome shows changes depending on applied aging. Samples of one race 
could separate by statistical model in wet or dry aged beef. To expand the 
models and investigate necessary aging type and time, further trials are es-
sential. In addition, other parameters influence the metabolome of beef, e.g. 
geographical origin. This also needs to be taken for detection by NMR anal-
ysis [5].
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Tab. 1 
Correlation coefficient of different metabolites and the aging time 
(alpha=0.05)
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Medians of different aging time groups (+75% area) 
Fig. 2: Buckets of all NMR spectra depending on aging time. The aging 
time comes up to 0 (blue), 7 (cyan), 14 (green), 21 (yellow) and 28 
(orange) days. The lines are the medians of the different aging time 
groups with their 75 % area.  In expanding the different analysed 
metabolites tyrosine, glutamate, isoleucine, leucine, valine, phe-
nylalanine, IMP, inosine and alanine are shown. 
 
 
 
 

 
Statistical analysis of aging type 
Fig. 1: A: Linear discriminant analysis model of aging type from 
race A (‘Schwarzbunte’; grey). Wet: light grey; Dry: dark grey. B: 
LDA-Model from A in addition with the aging type results from race B 
(‘Fleckvieh’; blue). Wet: light blue; Dry: dark blue.
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Skeletal muscle proteome analysis provides insights on high altitude adaptation of yaks (#525)

Wenting Wen1, Yang Yu1, Zhiwei Zhou1, Xiaolin Luo2, Qun Sun1

1 Sichuan Univ, College of Life Sciences, Chengdu, China; 2 Sichuan, Sichuan Academy of Grassland Sciences, Chdengdu, China

Introduction
The mechanisms of adaptation to high altitudes by mammals received in-
creasing attention. The genomes of several mammals inhabiting plateaus 
have been sequenced; and a large number of genes related to high-altitude 
adaptation have been identified [1]. Yak and cattle have been considered 
as convenient large ruminant subjects for studying adaptation to high alti-
tudes, with previous studies characterizing their enzyme activities and ge-
nomics [1,2]. Yak and cattle were estimated to have diverged approximately 
4.9 million years ago. Although yak and cattle are different species, their 
genomes were highly similar, including an identical number of chromosomes 
(30 chromosomes), similar karyotypes, the extensive synteny of the yak and 
cattle genomes, with 45% of encoded proteins identical and mean protein 
similarity approximating 99.5% [1]. In order to characterize the molecular 
mechanisms of mammalian adaptation to high altitudes, the present study 
compared qualitative and quantitative differences of proteomes in LT mus-
cles in yak and cattle.
Methods
LT muscles were obtained from three adult male yaks from Hongyuan Coun-
ty, and three adult male bovines from Chengdu Plain of Sichuan. iTRAQ anal-
ysis was implemented at Beijing Genomics Institute (BGI, Shenzhen, China). 
Two independent biological triplicates (yak labeled with reagents 113, 114, 
115 and cattle labeled with reagents 116, 119, 121) were applied. LC-ESI-MS/
MS proteomic analysis was based on TripleTOF 5600. The MS raw data re-
covery to MGF was processed via pFind (http://pfind.ict.ac.cn/downloads.
html). Protein identification and quantification were performed using Mascot 
2.3.02 (Matrix Science Inc, Boston, MA). The Gene Ontology (GO) analysis 
(http://www.geneontology.org) was conducted according to method report-
ed previously [3]. For analysis of protein-protein interaction, the differential-
ly expressed proteins were matched against the STRING database (www.
string-db.org).
Results
Fifty-two differentially expressed proteins were identified, 20 of which were 
found to be up-regulated in yak and 32 were up-regulated in cattle. These 
proteins were classified using GO annotation and were categorized into 
three major functional groups: molecular function, cellular components, and 
biological processes. Proteins assigned to each category were presented 
in Fig. 1. The clusters of interacting proteins were generated using STRING 
database (Fig. 2). Twenty-four proteins were recognized as key nodes in bi-

ological interaction networks. The central interaction networks were related 
to myofilaments and regulation of calcium ions. The second cluster included 
proteins related to cellular energy metabolism. Proteins involved in citric acid 
cycle, electron transport chain, and oxidative phosphorylation were over-ex-
pressed in yak muscles. 
Our proteomes analyses of muscle tissues in yaks and cattle revealed that 
there were 20 up-regulated and 32 down-regulated proteins in the muscle 
tissue of yaks, most of which were involved in the molecular function of pro-
teins binding, catalytic activity and structural molecule activity. In yaks, ener-
gy may be supplied by greater protein catabolism and glycolysis in order to 
adapt to high altitudes. The work performed here may provide a demonstra-
tion on the mechanism of animals’ adaptation to high altitude.
Conclusion
The differences in proteome profile of longissimusthoracis (LT) muscles of 
yak (Bosgrunniens) and cattle (Bostaurus) were investigated employing iso-
baric tag for relative and absolute quantification (iTRAQ) to understand the 
cellular level adaptations of yaks to high altitudes. Fifty-two proteins were 
differentially expressed, among which 20 were up-regulated and 32 were 
down-regulated in yaks. Gene ontology (GO) annotation revealed that most 
of the differentially expressed proteins were involved in the molecular func-
tion of protein binding, catalytic activity, and structural activity. Protein-pro-
tein interaction analysis recognized 24 proteins (involved in structural in-
tegrity, calcium ion regulation, and energy metabolism), as key nodes in 
biological interaction networks. These findings indicated mammals living at 
high altitudes could possibly generate energy by pronounced protein catab-
olism and glycolysis compared with those living in the plains.
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Fig. 2 Protein-protein interaction networks of differentially expressed 
proteins. 
Different clusters of interacting proteins were identified using 
STRING database. Two networks involved in muscle contraction and 
nutrient metabolism are shown.
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Fig. 1 Classification of 52 differentially expressed proteins in yak lon-
gissimus thoracis muscles ac 
(A) Molecular function, mainly involved in binding and catalytic ac-
tivity (B) Cellular component, mainly involved in cell part and or-
ganelle (C) Biological process, mainly involved in metabolic process 
and biological regulation.
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Modulation of Metabolomics Profile by Protein Diets Lead to the Development of NAFLD in Glutaredoxin-1 Defi-
cient Mice (#596)

Muhammad Ijaz Ahmad, Chunbao Li
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
NAFLD is the most common form of liver diseases in western countries (1). 
Indeed, high red and processed meat consumption is associated with insulin 
resistance (IR), type 2 diabetes, oxidative stress and chronic liver diseases 
(2, 3). Several studies have reported that excessive consumption of refined 
carbohydrates, fats, saturated fats in particular, and protein from meat can 
cause NAFLD (4, 5). However, the metabolic mechanisms involved in the 
complex pathophysiological processes and progression of NAFLD induced 
by meat protein diets remain unclear. In recent years, metabolome profiling 
has provided new insights into the molecular signature of diseases including 
NAFLD. However, there have been no previous metabolomic reports on the 
NAFLD induced by high fat meat proteins in Glrx1-/- mice. To assess the im-
portance of Glrx1 in NAFLD, we generated a model of Glrx1 KO by deletion 
of Glrx1 gene using CRISPR cas9 technology, and studied its consequences 
on metabolism in pathophysiological parameters, potential metabolites and 
metabolic pathways responses induced by high fat meat proteins.
Methods
Glrx1 gene was deleted using CRISPR cas9 technology according to the 
protocols of Joung et al. (6). Twenty four Glrx1-/- male mice (6 weeks old) 
were kept in a controlled specific-pathogen-free animal center. After one 
week of acclimatization, mice were randomly assigned to four groups, and 
fed a normal diet with 12% Kcal from fat (Casein (Control)), a high fat diet 
with 60% Kcal (HFD) or a high fat fish with 60% Kcal (HFF) or a high fat 
mutton protein diets with 60% Kcal (HFM). After feeding period, the mice 
were sacrificed by cervical dislocation. Blood serum samples were collected 
and analyzed by LC–MS system (G2-XS QTof, Waters). Data acquisition was 
performed using MassLynx 4.1.
Results
As can be seen in figure 1, the HFM and HFF groups showed great inter- 
as well as intragroup to mutton and fish proteins in the diet (P < 0.05) from 
those to control and HFD. The top 15 VIP scores of component 1 were listed 
in Figure 1. The results showed that the mice fed with control group had 
the highest concentrations of Trihydroxycoprostane, (Monoglycerols (MG), 
(MG(22:6)), (Lysophosphatidylcholines (LysoPCs)) (LysoPC(22:6)) and MG 
(18: 1). We also found that the mutton protein group had higher levels of 
lysophospholipids, phosphatidylethanolamines, and bile acids (12-Ketode-
oxycholic acid), (LysoPC(15:0), LysoPC(17:0), LysoPC(19:0), LysoPC(20:0), 

PC(20:1)), and LysoPE(16:0)), among diet groups (P < 0.05). One PLS com-
ponent and one orthogonal component were calculated for all of the models. 
The OPLS plot showed that the overall profile of serum metabolites differed 
significantly. The responsible variables with top 15 VIP scores between the 
casein (Control) and the other three protein groups were shown in figure 2.
 
Conclusion
In summary, the present study identified several key metabolites in major 
metabolic pathways involved in the development of NAFLD. These metabo-
lites could be considered as potential biomarkers for risk assessment of NA-
FLD. Moreover, these results provide comprehensive insights into the met-
abolic processes underlying the onset and progression of NAFLD induced 
by HFD meat proteins.
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Figure 1 
The PCA score plot of serum metabolites (15 VIP)
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Figure 2 
Pairwise comparisons between serum extract obtained from the high 
fat diet(HFD), high fat fish (HFF) and high fat mutton (HFM) protein 
groups using OPLS analysis
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Meat metabolomic pathway of Nellore and crossbred Angus x Nellore cattle (#640)

Juan F. M. Gomez1, Daniel S. Antonelo2, Nara Cônsolo1, Mariane Beline1, Bruna Pavan1, Camilla Souza1, Rodrigo S. Goulart1, Luiz Colnago3, Saulo L. Silva1

1 University of Sao Paulo, Faculty of Animal Science and Food Engineering, Pirassununga, Brazil; 2 University of Sao Paulo, Faculty of Medicine Veterinary and Animal Science, Pirassununga, Brazil; 3 
Embrapa Instrumentation, Department of Chemistry, São Carlos, Brazil

Introduction
Metabolomics is known as the comprehensive analysis of the whole metab-
olome, which refers to the full complement of small molecule metabolites in 
a cell, tissue or organism, under a given set of conditions (Patty et al., 2012). 
Pathway analysis can be performed using metabolites data, which allows for 
much more complete and in-depth analysis into meat metabolism and there-
fore can be used to investigate differences between breeds. Therefore, this 
study was carried out to evaluate the meat metabolites pathway of Nellore 
and crossbred Angus x Nellore cattle.
Methods
A total of 30 Nellore and 30 crossbreed Angus x Nellore cattle (363 ± 28 kg 
initial body weight and 24 months old) were slaughtered and after 24 h, one 
2.5 cm thick sample of longissimus muscle was collected (between 12th and 
13th ribs) and posteriorly was aged (0 to 4 °C) during 7 d for evaluating meat 
metabolites. A total of 0.5 g of each sample was used and processed accord-
ing to Beckonert et al. (2007). One dimensional proton nuclear magnetic res-
onance (1D 1H-NMR) was used for metabolite profiling. The 1D 1H-NMR spec-
tra were acquired at 300 K on a Bruker Avance 14.1 T spectrometer (Bruker 
Corporation, Karlsruhe, Baden-Württemberg, Germany) at 600.13 MHz for 
1H, using a BBO 5 mm probe. Deuterium oxide was used as a lock solvent 
and DSS as internal reference for 1H and an internal standard for metabolite 
quantitation. The 1D 1H-NMR spectra were processed, and metabolites were 
quantified using the Chenomx NMR Suite Professional 7.7 software (Che-
nomx Inc., Edmonton, Canada). Metabolites quantification were imported to 
web-based tool MetaboAnalyst 2.0, data were normalized by Pareto scaling 
and the Principal component analysis (PCA) was performed. For metabolic 
pathway, the pathway library used was Bos taurus was performed, with a 
global test and relative betweenness centrality as algorithms.  
Results
Thirty-one metabolites were identified in meat of Nellore and crossbred 
Angus x Nellore cattle, among which the acetate, acetyl carnitine, alanine, 
anserine, carnosine, choline, creatinine, glucose, glutamate, glycerate, gly-
cine, IMP, isoleucine, methionine, and succinate differed (P < 0.10) between 
breeds (Table 1). The principal component scores plot (PC 1 39.6% and PC 
2 11.7%) of the metabolite concentrations (Figure 1) shows a discrete overlap 
between breeds, suggesting few differences between them.
The main metabolic pathways involving the breed differentiation were gluta-

mine and glutamate metabolism; valine, leucine and isoleucine biosynthesis; 
and glutathione metabolism (Figure 2), which may be due to the amounts of 
glycine, glutamate and isoleucine present in meat, allowing a clear differen-
tiation between breeds.
The glutamate is closely related with glutamine metabolism and, in asso-
ciation with glycine, are substrates for glutathione synthesis, in addition to 
participating in the glutathione metabolism (Wang et al., 2013). In this sense, 
increasing glutamate content also increase glutamine content, amino acid 
that plays in regulating the skeletal muscle mass by regulating protein me-
tabolism (Xi et al., 2011). Glutamate content is correlated with the increase in 
glycolytic muscle fibers in beef cattle and the increase in oxidative muscle 
fibers in porcine (Cornet and Bousset, 1999).
Additionally, leucine is correlated with valine and isoleucine biosynthesis 
pathway and can be correlated with differences on growth patterns between 
breeds since it has a fundamental role for the initiation of anabolic processes 
in the muscle, including myofibrillar protein synthesis (Churchward-Venne 
et al., 2012).
Conclusion
In conclusion, the glutamine and glutamate metabolism, valine, leucine and 
isoleucine biosynthesis, and glutathione metabolism are the most important 
pathways to differentiate meat from Nellore and crossbred Angus x Nellore 
cattle.
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Table 1 – Concentrations of metabolites identified and quantified in 
beef extracts (pooled sample). 
Metabolite in bold differed between breeds (P < 0.10)
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Figure 2. Pathway analysis using all the significant metabolites. 
A) glutamine and glutamate metabolism; B) valine, leucine and isole-
ucine biosynthesis; C) glutathione metabolism. 
In the scatter plot, the x-axis indicates impact on pathway whereas 
the y-axis indicates significant changes in a pathway, by detected 
metabolites. The complete pathways are identifiers for metabolites 
mapped in a KEGG pathway (accessible at http://www.genome.jp/kegg/
pathway.html).
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Figure 1.  
Principal component scores plot of meat metabolites from Nellore and 
crossbred cattle 
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Post slaughter metabolomics analysis by comprehensive GCxGC-MS to identify genotypic and sex-specific differ-
ences in pigs (#655)

Manuela Peukert, Sebastian Zimmermann, Dagmar A. Brüggemann
Max Rubner-Institut, Department of Safety and Quality of Meat, Kulmbach, Germany

Introduction
Meat quality is a highly complex trait resulting from multiple endogenous as 
well as exogenous factors. In addition to endogenous factors such as gen-
otype, sex or fitness, pre-slaughter animal stress represents a major issue 
impacting meat quality due to its effects on metabolic processes in muscle 
tissues.
In order to investigate the effects of stress before and during slaughter on 
blood and muscle metabolism we apply non-targeted metabolite analyses 
by comprehensive 2D GC-MS. Beforehand, we generated a fundamental 
data set on blood, muscle and liver tissues from pigs of different genotypes 
and sex, reared under controlled conditions. These data represent the basis 
to identify independent stress profiles and to avoid overestimation of chang-
es due to endogenous factors.
Here, we present our preliminary results gained from pig blood profiling to 
evaluate metabolic differences that are induced by genotype and sex.
Methods
Pigs were reared for 120 days in groups of 12 animals under the same feeding 
conditions. Four groups were kept per stable compartment. Approximately 
one hour before starting the slaughtering pigs were transported to the wait-
ing pens (2 minutes transport distance). During the electrical stunning, the 
pigs were fixed in a stunning box and were subsequently bled within 5-10 
seconds after stunning. The stunning was done by head-only followed by 
cardiac arrest stunning and the bleeding was done in a lying position. Blood 
from the bleeding process was immediately frozen in liquid nitrogen and 
stored at -80°C. Before extraction, the blood was lyophilized and homoge-
nized.
Table 1: Pig sample set for GCxGC-MS analysis comparing sex and ge-
notypic differences. 
Abbreviations are: m – male (boar), f – female (guilt), c – castrate, DE – Large 
White, DLS – German Landrace, PI - Pietrain
  DExDLS DLS DLSxDE PI PIx(DExDLS) PIxDLS Sum

m 3 10 1 0 6 11 31

f 1 0 1 11 12 10 35

c 10 14 11 0 0 0 35

Sum 14 24 13 11 18 21 101 

Extraction was performed in two steps. A polar extraction using 80% meth-
anol was followed by a non-polar extraction using methanol:chloroform (v/v 

2:1), both in a 1:30 ratio (w/v). From the combined extract 100 µl were dried 
in GC-vials. Before GCxGC-MS measurement, samples were derivatized by 
methoxyamination followed by silylation with MSTFA (including 1% TMCS). 
The GCxGC-MS system consisted of a gas chromatograph combined with 
a fast-scanning quadrupole mass spectrometer (Shimadzu GCMS QP2010 
Ultra). For chromatographic separation a non-polar Rxi-5SilMS (Restek, 
Bellefont, USA) was chosen for 1D and the 2D column was a medium-polar 
BPX50 (SGE, Milton Keynes, UK).
For data analysis an in house developed workflow was conducted (Weinert 
et al. 2015) consisting of data pre-processing steps and peak alignment. For 
statistical analysis and visualization the software tools SIMCA (Umetrics, 
Malmö, Sweden) and SigmaPlot (Systat, Erkrath, Germany) were used.
Results
The investigated pig genotypes represent common German crossbred and 
purebred lines. Preliminary results from metabolite profiling indicated that 
the individual variations have a stronger impact on total metabolic patterns 
than genotypic or sex-specific differences (PCA not shown). To analyze gen-
otype and sex specific variations OPLS-DA was applied.
The OPLS-DA model calculation including the genotype information indi-
cated a group separation between pigs with PI background (purebred and 
crossbred lines) and DE/DLS background (Fig 2a). As exemplarily been 
shown in Fig 2b differences mainly occur between purebred PI and purebred 
DLS. In crossbreeds the individual metabolites show either intermediate val-
ues or correlate to one of the parents.
Application of OPLS-DA including the sex information (Fig 3a) revealed 
higher variations between males and castrates than between males and fe-
males. A closer analysis of selected signals confirmed these patterns but 
also indicated the presence of signals that are stronger female related (ex-
amples shown in Fig 3b).
Conclusion
The initial results of pig blood profiling revealed that from non-supervised 
metabolomic analysis neither the sex nor the genotype could be clearly dif
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ferentiated, which confirms that multiple factors play a role in the metabolo-
mic variability. By including genotype and sex information in statistical anal-
ysis (OPLS-DA) differences between the applied groups were observed. 
Especially in the purebred lines DLS and PI several blood metabolites were 
affected. These results indicate that for the analysis of metabolic chang-
es following stress treatments endogenous factors like the genetic and sex 

background of animals has to be taken into account.
Literature:
Weinert C, Egert B, Kulling S (2015) On the applicability of comprehensive 
two-dimensional gaschromatography combined with a fast-scanning quad-
rupole massspectrometer for untargeted large-scale metabolomics. Journal 
of Chromatography A, 1405 (2015) 156–167.

 
Fig.3:  
Comparison of pig sex by OPLS-DA (a) and for selected metabolites 
(b). 
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Fig.2:  
Comparison of pig genotypes by OPLS-DA (a) and for selected metabo-
lites (b). 
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Health implication of Biellese lamb meat consumption (#50)

Alberto Brugiapaglia1, Carola Lussiana1, Daniel Franco2, Jose M. Lorenzo2, Mario Baratta3

1 University of Turin, Department of Agricultural, Forest and Food Sciences, Grugliasco, Torino, Italy; 2 Meat Technology Centre of Galicia, Food Science and Technology, San Cibrao das Viñas, Spain; 3 
University of Turin, Department of Veterinary Science, Grugliasco, Torino, Italy

Introduction
Consumer interest in meat fat, cholesterol content and fatty acid composi-
tion has grown in recent years due to their implications for human health. 
The high red meat consumption is considered a dietary risk factor for car-
diovascular diseases, because it has been related to saturated fatty acids 
(SFA) and cholesterol content. However, red meat is also a good source of 
monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids that have 
positive effects on human health. The Biellese sheep is an autochthonous 
Piemontese breed specialized for meat production due to its purported high 
quality. However, there is only limited information regarding Biellese meat 
quality. Therefore, the aim of this study was to examine the lipid fraction of 
meat in relation to the recent dietary recommendation for healthy intake.
Methods
Nine males lambs were reared in the same environmental conditions at the 
experimental farm of the Department of Veterinary Science of the Univer-
sity of Torino. The lambs were initially fed on their mother’s milk and then 
on  good quality hay until the animals were weaned. From the 30th day they 
were fed with  a commercial concentrate which was gradually increased to 1 
kg/head/day while hay was given ad libitum. The lambs were slaughtered at 
5 months of age and an average live weight of 37 kg. After 7 days of ageing 
at 4°C, a portion of Longissimus dorsi was taken and used to determine the 
intramuscular fat content, the fatty acid (FA) composition and the cholesterol 
content. The FA composition was expressed both as percentage of total FAs 
and as mg/100 g of edible portion, calculated using the total fat conversion 
factor reported by Greenfield and Southgate (1992). The fat energy value 
(kcal) was calculated by multiplying the amount of fat by the conversion fac-
tor 9. Finally, the PUFA/SFA and n-6/n-3 ratios and the atherogenic (AI) and 
thrombogenic (TI) indices (Ulbricht and Southgate, 1991) were calculated. 
Values were expressed as arithmetic mean.
Results
The fat content of meat was lower than that reported in the CRA-NUT data-
set (http://nut.entecra.it/646/tabelle_di_composizione_degli_alimenti.htm-
l?idalimento=104040&quant=100) for lamb (1.8 vs 2.7%). According to EFSA 
(2017), the intake of fat should range between 20 to 35% of total daily energy 
intake. Therefore, for a 2200 kcal/day diet, the recommended daily fat intake 
ranges from 49 to 86 grams. One serving (100 g) of Biellese meat provides 
around 3% and 1% of fat and energy, respectively. With regards to cholester-

ol, the meat supply a modest content (75 mg/100g) which represents around 
25% of the recommended daily cholesterol intake in adults (300 mg/d). This 
value was similar to CRA-NUT value for lamb (74.82 mg/100g). For the pre-
vention of cardiovascular diseases, an adequate intake of 4% and 0.5% of 
the total dietary energy intake should be derived from linoleic (LA) and ∝-lin-
olenic acids (ALA), respectively (EFSA, 2017). This corresponds to a daily 
intake of approximately 10 g/day of LA and 1 g/day of ALA. One serving of 
Biellese meat provides only 0.090 g of LA and 0.025 g of ALA. In addition, 
EFSA (2017) recommends a minimum of 250 mg/day of eicosapentaenoic 
(EPA) + docosahexaenoic acid (DHA). In this trial, EPA + DHA concentra-
tion was around 20 mg/100 g of edible meat, therefore it cannot be consid-
ered as a source of EPA and DHA. In general, PUFA/SFA ratio above 0.45 
and n-6/n-3 below 4.0 are required in the diet to combat “lifestyle diseases”. 
In the present study, the PUFA/SFA ratio (0.23) was considerably lower than 
the recommended values, whereas the n-6/n-3 ratio (2.20) was within the 
recommended value. Atherogenic and thrombogenic indices, which indi-
cate the global dietetic quality of the lipids and their potential impact on the 
development of coronary heart disease, averaged 1.0 and 1.5, respectively. 
According to Ulbricht and Southgate (1991), these values were within the 
recommended values for lambs (<1.0 and <1.58 for AI and TI, respectively).
Conclusion
Considering the obtained results, Biellese lamb meat might play a positive 
role for human health if consumed according to nutritional guidelines.
Acknoledgements
Authors acknowledge funding provided by ERA-Net Cofund SusAn (grant 
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Sensory Characterization Of Healthier Bologna-Type Sausages Using The Consumer-Based ‘Check-All-That-Ap-
ply’ Method (#68)

Manoela A. Pires, Julliane C. Barros, Isabela Rodrigues, Marco A. Trindade
University of São Paulo, Department of Food Engineering / FZEA, Pirassununga, Brazil

Introduction
Studies into healthier meat products have increased recently. One method 
to produce healthier bologna sausage is the addition of omega-3 fatty acids 
and/or reducing the sodium content. However, these technologies can affect 
the physicochemical and sensory characteristics of these products [1, 2]. 
Sensory characterization of foods through the usual methodologies, such 
as quantitative descriptive analysis (QDA), is costly and time consuming. 
Nowadays, faster sensory methods, such as check-all-that-apply (CATA), 
have been applied in order to characterize new products. Some studies have 
shown that this technique could be a useful tool in the development of meat 
products [1, 3, 4]. In this context, this study aimed to characterize healthier 
bologna sausages, enriched with omega-3 fatty acids through the partial 
replacement of pork back fat with Echium oil, using the consumer-based 
CATA method, in comparison to a regular bologna sausage (100% fat added 
as pork back fat).
Methods
Three bologna formulations were evaluated: control bologna sausage with 
100% fat added as pork back fat, and T25 and T50 (bologna sausages with 
replacement of 25% and 50% of the pork fat by Echium oil, respectively). 
The sausages were processed according to Trindade et al. (2010) [5]. The 
CATA questionnaire was evaluated by 120 consumers of the bologna, re-
cruited from among students, faculty and staff of São Paulo University. The 
32 sensory terms applied in the CATA test were developed based on a pre-
vious study (unpublished). The samples, 3 mm in thickness, were served in a 
randomized complete block design and monadic order, coded by three-digit 
random numerals. The results were evaluated using XLStat software (Add-
insoft, France) by the frequency of citations for each sensory terms/sample, 
followed by Cochran’s Q test in order to identify significance differences 
between treatments for the sensory terms [6].
Results
The answer frequencies for each CATA term applied to each bologna sau-
sage treatment are shown in Table 1. The majority of sensory terms cited for 
control were equal to those for T25 (p > 0.05), except for bright colour; T25 
had the highest frequency of this attribute (p < 0.05). The most cited attri-
butes for both were: smooth texture, uniform colour, without salt, pink colour, 
tasteless, low fat and elastic texture. The T50 treatment differed from control 
(p < 0.05) for the majority of the sensory terms, and was characterized by 

terms such as aerated appearance and fish odour, i.e. terms more related to 
negative characteristics.
Conclusion
Considering the consumer-based bologna sausage profile, established using 
the consumer-based CATA test, 50% fat replacement by Echium oil resulted 
in poorer sensory characteristics. However, the consumers did not notice 
sensory differences between the traditional bologna sausage in comparison 
with the sausage with 25% pork fat replacement by Echium oil. Therefore, 
this level of replacement may be appropriate to produce a healthier meat 
product with desirable sensory characteristics.
Acknowledgements
The authors thank FAPESP (Brazil) for supporting this research (Process 
2015/12429-7). M. A. Trindade is a member of the MARCARNE network, 
funded by CYTED (ref. 116RT0503).
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Table 1 – Numbers of citations for each term in different bolognas as-
signed in the CATA analysis 
Table 1 should be insert in the Results Section of the Abstract 
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Fatty Acid Composition Of Pork Fat From The Standpoint Of Nutritional Value And Technological Suitability (#563)

Spiridonov Kirill, Anastasiya Semenova, Virtoria Nosonova
Gorbatov Research Сenter for Food System, MOSCOW, Russia 

Introduction
The fatty acid composition is important characteristic of the pork back fat 
quality, determining its nutritional value and potential value for meat produc-
tion. This article presents the quality evaluation results of local pork back 
fat for fatty acid composition using quality criteria.The aim of the research 
was to study the fatty acid composition of pork back fat produced in the 4 
livestock regions in Russian Federation, and its evaluation on the criteria of 
nutritional value and technological suitability.
Methods
Pork back fat samples were taken from pig carcasses at the level of 5-7 tho-
racic vertebrae 24 hours after slaughter. Selection of pork back fat was car-
ried out at industrial enterprises. Paired carcasses that had a mass of over 
90 kg and fat thickness over 2 cm were selected. After cooling, when cutting 
the selected half-carcasses, a sample of pork back fat in the skin weighing 
about 0.5 kg was isolated. In the laboratory, the skin was removed, the fat 
was crushed on a microgrinder and stored in a refrigerator at 0...5 ° C for no 
more than 24 h. To determine the fatty acid composition of the crushed back 
fat, 3 samples weighing 10 g each were taken. Extraction of lipids was car-
ried out by chloroform/methanol extraction by the Folch’s method. The com-
position of fatty acids was determined on a HP 6890 gas chromatograph [1, 
2]. The obtained results were processed statistically and analyzed for com-
pliance with the criteria of nutritional value and technological suitability.
Results
The ratio of saturated (SFA), monounsaturated (MUFA) and polyunsaturated 
(PUFA) fatty acids (FA) should be 30: (50-60) :( 10-20) according the basic 
requirements of nutritionists for the nutritional quality of fat in the human 
diet. In addition, it is believed that the ratio of ω-6 and ω-3 fatty acids in the 
composition of PUFA should be (9-10): 1 [3].
Analysis of the ratios characterizing the nutritional value of the pork back 
fat (Table 1) showed that the actual amount of SFA was 1.6-1.9 times high-
er than the recommended value. MUFA content was at the level of 70% of 
the recommended value for the diet. The greatest variability was observed 
in the content of PUFA, which was 70 ... 120% of the recommended value. 
This indicated the high nutritional value of back fat as a source PUFA in the 
human diet.
Table 1 - Ratio of SFA, MUFA and PUFA in the pork back fat

  Recommended ra-

tio, g/100 g fat

The average value, g/100 g fat, for back fat samples taken in the 

local livestock regions

I II III IV

SFA 30 56,1±1,2 57,5±1,0 54,2±0,7 48,8±1,0

MUFA 50-60 35,3±0,8 35,4±0,5 36,9±1,0 35,9±1,0

PUFA 10-20 8,7±0,5 7,1±0,6 8,9±0,3 12,0±1,1

High content of ω-9 MUFA - 27...28 g/100 g of fat was found in all samples 
(Table 2). The ratio of ω-6 and ω-3 PUFA for the samples from three livestock 
regions was (9...15): 1. This ratio corresponded to the recommended ratio with 
slight excess. However, the actual value of the ω-6 and ω-3 ratio of fourth 
livestock region samples was 47: 1. It was explained by the low ω-3 content 
while the ω-6 content was also increased.
Analysis of fatty acid composition of back fat to assess its technological 
suitability was carried out according to the criteria [4, 5].: 1 - the minimum 
content of C18:0 should be 12% of total FA; 2 - the maximum content of C18:2 
should be 12-15% of total FA; 3 - the total content of SFA should be over 41% 
of FA; 4 - the iodine value (IV) is limited to 70 g/100 g (Fig. 1)
Table 2 - Ratio of ω-9, ω-6 and ω-3 of unsaturated fatty acids in pork back fat

Recommend-

ed ratio, parts

The average value, g/100 g fat,

for back fat samples taken in the local livestock regions

I II III IV

ω-9 

MUFA

- 27,96±1,00 27,04±1,72 29,53±1,33 28,27±1,02

ω-6 

PUFA

9-10 7,73±0,70 6,36±1,63 7,71±0,62 11,27±1,18

ω-3

PUFA

1 0,54±0,18 0,42±0,21 0,86±0,31 0,24±0,18

All samples meet criteria 1-3. However, in the fourth region, the values of 
these indicators differed.
The IV was calculated according to ISO 3961 in the modification of the au-
thors, which allows taking into account all unsaturated FA [6, 7]. When cal-
culating the IV formula for triglycerides was used:
IV=i=1nKFAimFAi ,
mFAi - content of the i-th unsaturated FA, g/100 g of fat;
KFAi - coefficients for i-th unsaturated FA.
The calculation showed that the IV was below 70 g/100 g and met criterion 
4 (22-35%).
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Conclusion
The study showed that, despite the opposite requirements of nutritionists 
and technologists for the quality of fat, a certain compromise can be found. 

In order to develop own criteria that ensure the nutritional value and quality 
of the Russian assortment of meat products, research in this direction will 
be continued.

 
 
 
 
 

 
Сriteria technological quality of back fat 
stearic acid (a), linoleic acid (b), SFA (c) and IV (d) 
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Healthier Meat Products Through The Replacement Of Fatty Acids And The Incorporation Of Dietetic Fiber (#72)

Nestor Sepulveda, Silvana Bravo, Karla Inostroza, Berta Schnnetler
Universidad de La Frontera, Meat Technology and Innovation Center, Temuco, Germany

Introduction
Currently, there is a growing trend towards the consumption of healthy foods 
with defined nutritional characteristics, made with functional ingredients and 
that have health benefits. In this sense, meat products could be healthier if 
their sodium content were reduced, their fatty acid composition was mod-
ified and dietary fiber was added. In Chile, the consumption of charcuterie 
reaches 22 kg / inhabitant per year and one of the main products consumed 
is sausages.
Methods
The objective of this work was to produce reduced sausages in animal fat, 
for which 23% of the animal fat contained in oat fiber (26% and 35% substi-
tution) and canola oil (48% and 100% substitution). All these products were 
evaluated with proximal analysis, fatty acid composition, cholesterol content 
and consumer sensory analysis.
Results
The proximal analysis indicates that the incorporation of oat fiber and canola 
oil tend to decrease the energy content (Kcal / 100g), sodium (mg / 100g) 
and fat (%), in relation to its respective control product. In the case of oat 

fiber, its use in the substitution of fat in meat products reduces the caloric 
content, cholesterol, improves the texture and stability of these products 
thanks to its contribution of fiber. The incorporation of canola oil reduces 
calories, cholesterol content and improves the nutritional quality of the fatty 
acid profile. A sample of 400 people participated in this sensory analysis of 
healthy meat products, carried out through an 8-point hedonic analysis (1 = 
I extremely dislike: 8 = I like it extremely). The chorizos with oat fiber were 
evaluated in the range 6 (I like moderately) to 7 (I like a lot) of the hedonic 
scale. According to the results obtained, the longaniza with greater incorpo-
ration of oat fiber (35% substitution) obtains the best score in the attributes 
smell and tenderness. In the treatments of canola oil, the longanizas with 
less incorporation of canola oil (48% substitution) present better evaluation 
in the attributes smell and tenderness.
Conclusion
According to these results, the sausage and their treatments are an alterna-
tive of healthier meat products, which were well evaluated in the sensorial 
analysis of consumers.
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Protective effect of a 3 kDa peptide obtained from beef myofibrillar protein using alkaline-AK on neuronal cells 
(#92)

Seung Yun Lee, Da Young Lee, Hea Jin Kang, Rana M. Shohel, Sun Jin Hur
Chung-Ang university, Department of Animal Science and Technology, Anseong-si, South Korea

Introduction
With the increase in the aging population, the prevalence of a number of 
aging neurodegenerative diseases, such as Alzheimer’s disease (AD), and 
Parkinson’s disease (PD) is on the rise. 
Various natural peptides derived from many food protein hydrolysates exhib-
it several beneficial activities, such as antioxidant, neuro-protective or mem-
ory impairment, anti-hypertensive, anti-inflammatory, and antimicrobial ac-
tivities Several studies have also demonstrated a close association between 
the prevention of neurodegenerative diseases and antioxidant activity.  
However, the protective effect of peptides with antioxidant activity, derived 
from beef myofibrillar protein using inexpensive enzymes, such as alka-
line-AK, on neuronal cells have not been reported extensively. Moreover, the 
mechanism by which these peptides exert neuroprotective effects against 
oxidative stress-induced neuronal cells is not known. Therefore, the aims of 
this study were to 1) determine the antioxidant potential of peptides with a 
molecular weight of less than 3 kDa, obtained using an inexpensive enzyme, 
such as alkaline-AK, by performing in vitro radical scavenging assays, 2) to 
evaluate their neuroprotective effects against H2O2-induced apoptosis in hu-
man neuronal SH-SY5Y cells, and 3) and to identify the peptide sequences.
Methods
These peptides were isolated and further separated by fast protein liquid 
chromatography (FPLC), and their protective effect against H2O2-mediated 
cell death was measured by determining cell viability, nitric oxide (NO) pro-
duction, mitochondrial membrane potential (MMP), apoptosis, morphologi-
cal changes in cell nuclei, and in vitro antioxidant assays.
Results
The ABTS radical scavenging activity of both the AK3K peptide fractions 
(AK3KF1 and AK3KF2) was more than 70%, however, AK3KF1 exhibited a 
significantly higher ABTS radical scavenging activity than did the AK3KF2 
fraction. Furthermore, AK3KF1 had a significantly higher iron chelating ac-
tivity, nitrite scavenging activity, and reducing power than did the AK3KF1 
fraction.
Treatment with 0.25 and 0.5 mg/mL AK3KF1 and AK3KF2, respectively, sig-
nificantly increased (p<0.05) cell viability compared to the H2O2 treated SH-
SY5Y cells. Additionally, treatment with 0.25 and 0.5 mg/mL concentration 
of AK3K peptide fractions (AK3KF1 and AK3KF2) inhibited NO production in 
SH-SY5Y cells compared to the H2O2 treated cells (p<0.001).

Treatment with both the AK3K peptide fractions exhibited protective effects 
on neuronal cells by reducing cell shrinkage and nuclei condensation com-
pared to the H2O2 treated neuronal cells. Furthermore, nuclear condensation 
was found to be lower in cells treated with AK3KF1 than in the cells treated 
with AK3KF2. 
We observed that MMP (JC-1 aggregates/monomer) decreased in H2O2 
treated cells, and treatment with 0.5 mg/mL AK3KF1 significantly increased 
MMP compared to that of the H2O2 treated cells (p < 0.05). These results 
indicated that AK3KF1 reduced H2O2 induced neuronal cell damage and re-
stored MMP.
Treatment with 0.2 mM H2O2 increased the percentage of apoptotic cells to 
86.80 ± 10.33 %, which decreased to 18.82 ± 19.77 % and 43.32 ± 16.94% in 
the presence of AK3KF1 and AK3KF2 peptide fractions, respectively. The 
AK3KF1 fraction showed a significantly stronger neuroprotective effect com-
pared to the AK3KF2 fraction in H2O2treated neuronal cells (p < 0.05). These 
results indicate that AK3KF1 protected neuronal cells against H2O2 induced 
oxidative stress.
Since our results confirmed that the AK3KF1 had significantly high antiox-
idant potential and exhibited a stronger neuroprotective effect. The amino 
acid sequence of AK3KF1 was analyzed using the LTQ Orbitrap XL mass 
spectrometer. The sequence of the peptide was identified as Thr-Gln-Lys-
Lys-Val-Ile-Phe-Cys with a molecular weight of 965.54 Da. 
Conclusion
This study demonstrated the neuroprotective effect of two <3 kDa peptide 
fractions (AK3KF1 and AK3KF2) obtained from beef myofibrillar protein us-
ing an inexpensive enzyme (alkaline-AK) on human neuronal SH-SY5Y cells. 
The two peptide fractions (AK3KF1 and AK3KF2) showed neuroprotective 
effect by increasing cell viability, inhibiting NO production and fragmentation 
of cell nuclei, increasing MMP, reducing apoptosis, and ability to scavenge 
free radicals. Furthermore, AK3KF1 exhibited stronger neuroprotective effect 
than the AK3KF2 fraction. The sequence of AK3KF1peptide was identified as 
Thr-Gln-Lys-Lys-Val-Ile-Phe-Cys with a molecular weight of 965.54 Da. The 
neuroprotective effect of this peptide could possibly be related to amino acid 
composition, hydrophobicity, and ability of peptides to penetrate through the 
cell membranes.
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Morphological assessment of AK3K fractions on hydrogen peroxide 
treated neuronal cells 
Effect of 0.25 and 0.5 mg/mL concentration of 3 kDa peptide fractions 
obtained from beef myofibrillar protein using alkaline-AK on fragmen-
tation of nuclei by Hoechst staining in H2O2-treated human neuronal 
SH-SY5Y cells. Data are given as mean±standard deviation (n=3). 
 
 
 

 
Identification of amino acid sequence of AK3K fraction 
Identification of molecular mass and amino acid sequence of AK3KF1 
fraction. MS/MS was performed on a LTQ Orbitrap XL mass spectrome-
ter.
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Neuroprotective effect and cell death rate of AK3K fractions 
A) Flow cytometry analysis, and B) quantitative analysis of the cell 
death rate to determine protective effect of 3 kDa peptides on neu-
ronal cells. ## p<0.001 compared to the control cells. *p<0.05 com-
pared to the H2O2-treated cells.
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Purification of novel angiotensin converting enzyme inhibitory peptides from beef myofibrillar proteins and analy-
sis of their effect in SHRs model (#94)

Seung Yun Lee, Da Young Lee, Hea Jin Kang, Rana M. Shohel, Sun Jin Hur
Chung-Ang university, Department of Animal Science and Technology, Anseong-si, South Korea

Introduction
Bioactive peptides derived from hydrolyzed food proteins have been report-
ed to exhibit diverse beneficial effects on human health. Among their ben-
eficial properties, various reports showed that bioactive peptides with ACE 
inhibitory activity can provide cues for the development of commercial ACE 
inhibitors.
Spontaneously hypertensive rats (SHRs) are an experimental animal model 
for hypertension, and are widely used for determination of antihypertensive 
properties of drugs, because they show similar physiological characteristics 
as hypertension in humans.
However, no studies in the SHR model have been reported with peptide(s) 
obtained from beef hydrolysates using cost effective industrial enzymes. In 
our previous report, we obtained myofibrillar protein hydrolysates with differ-
ent molecular weights from beef by using cost effective industrial enzymes 
and determined the ACE inhibitory of hydrolysates under in vitro conditions. 
Therefore, the purpose of this study was to investigate the antihypertensive 
effect of novel peptides obtained from beef using inexpensive proteases in 
the SHR model, and to identify the sequence of these peptides.
Methods
Different molecular weight peptides (< 3 and < 10 kDa) were obtained using 
ultrafiltration. All the experiments were performed in triplicates and statistical 
analyses were performed using the one-way analysis of variance (ANOVA) 
using SPSS 20.0 (IBM, Armonk, NY, USA). Tukey’s multiple comparisons test 
was used to determine significant differences between mean values, and 
evaluations were based on a significance level of p < 0.05.
Results
Among the AK3K, AK10K, PA3K and PA10K fractions, the AK3K fraction 
showed the highest ACE inhibitory activity, followed by inhibitory activities 
in the following order, PA3K > PA10K > AK10K. The ACE inhibitory activities 
of the AK3K, AK10K, PA3K, and PA10K were 74.29 ± 1.12%, 60.62 ± 7.89%, 
72.93 ± 1.26%, and 69.06 ± 0.55%, respectively (Table 1). Each fraction was 
pooled and freeze-dried and its ACE inhibitory activity was determined. The 
ACE inhibitory activity of fractions obtained from AK3K at 20 mg/mL were 
65.34± 7.26% for fraction 1 (F1), 36.95 ± 9.74% for fraction 2 (F2), and 52.46 
± 13.95% for fraction 3 (F3), respectively. The ACE inhibitory activities of 
fractions obtained from PA3K at 20 mg/mL showed ACE inhibitory activities 
as F1 (38.14 ± 15.74%), F2 (67.05 ± 9.08%), and F3 (43.00 ± 16.53%), respec-

tively (Table 1).
After a 2 h administration of AK3K, SBP of AK3K400 and AK3K800 SHRs 
showed a decrease in SBP by 17 mmHg and 15 mmHg, respectively when 
compared with the control group. The SBP of AK3K400 and AK3K800 ex-
hibited a maximal decrement by 28 mmHg and 35 mmHg after 12 h of AK3K 
administration. There were no differences in the antihypertensive effect in 
SHR rats between the AK3K and positive control group, which was adminis-
tered with the antihypertensive drug captopril. Although, the DBP and MAP 
decreased by about 35 mmHg after 12 h of administration compared to 0 h, 
no significant differences were observed in the DBP and MAP among the 
treatment groups in this study.
The lipid oxidation levels as measured by the concentration of MDA in the 
serum were significantly lower in the AK3K at 400 and 800 mg/mL and cap-
topril treated groups than the control group (p < 0.05).
Among these fractions, AK3KF1-1 showed the highest ACE inhibitory activ-
ity. The amino acid composition of the ACE inhibitory peptide from above 
F1-1 fraction was determined by LTQ Orbitrap XL mass spectrometer, and 
the sequence of ACE inhibitory peptide was identified as Leu-Ile-Val-Gly-
Ile-Ile-Arg-Cys-Val.
Conclusion
This study determined the antihypertensive effect of novel peptides obtained 
from beef protein hydrolysates by alkaline-AK and papain digestion in the 
SHR model. The peptide sequences were identified by FPLC and LC-MS/
MS. The < 3 kDa novel peptide from the alkaline-AK fraction had effective 
antihypertensive activity in SHRs, which could contribute to the reduction 
of SBP and MDA levels in the serum. Furthermore, the < 3 kDa novel pep-
tide, Leu-Ile-Val-Gly-Ile-Ile-Arg-Cys-Val obtained by alkaline-AK digestion 
of beef myofibrillar protein was shown to have the highest ACE inhibitory in 
in vitro as compared to the other peptides. This peptide could act as a new 
potent natural material for treatment of symptoms of cardiovascular disease.    
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Determination of malondialdehyde (MDA) in SHR serum 
TBARS assay results of (A) standard graph for the estimation of 
lipid peroxidation by malondialdehyde (MDA), and (B) MDA in serum. 
Values represent mean ± SD (n=3). Different letters indicate statis-
tically significant differences (p < 0.05) in organ weight between 
different treatment groups. 
 
 
 

 
ACE inhibitory activity of the peptides < 3 kDa from beef myofibrillar 
proteins  
ACE inhibitory activity of the peptides < 3 kDa obtained by diges-
tion of beef myofibrillar proteins by alkaline-AK and papain by FPLC 
on GPC.
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Identification of the ACE inhibitory peptide  
Identification of molecular mass and amino acid sequence of ACE in-
hibitory peptide in peak obtained from AK3KF1-1. MS/MS was performed 
on a LTQ Orbitrap XL mass spectrometer.
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Obtention Of Bioactive Peptides From Porcine Liver Hydrolysates (#129)

Paula Borrajo, Belén Gómez, Paulo Eduardo S. Munekata, Daniel Franco, Mirian Pateiro, Roberto Bermúdez, Cristina Pérez-Santaescolástica, 
José M. Lorenzo
Centro Tecnológico de la Carne de Galicia, Ourense, Spain

Introduction
Bioactive peptides are defined as short sequences of roughly 2-20 amino 
acids residues that are encrypted in their parent protein. Enzymatic hy-
drolysis  is the most common way to produce biopeptides (Nafajian et al., 
2014). They exhibit benefits on the human health due to their several bio-
functional properties such as antimicrobial, antioxidant, anti-hypertensive, 
antithrombotic, antiviral and opiate among the most highlighted (Bhat et 
al., 2015). By-products are a good potential as valuable sources of peptides 
to add into functional foods and to use as natural preservatives in food-
stuffs.  Likewise, they are capable of inhibiting against microorganism like 
fungi, viruses and bacteria (Lafarga et al., 2017). Natural antioxidants are 
widely used to retard or decrease the extent of oxidative deterioration (Lo-
renzo et al., 2018a). They are important in the prevention of human diseases 
and in the inhibition of lipid oxidation in foods (Lorenzo et al., 2018b). There-
fore, the objective of this study was to determine the antimicrobial and anti-
oxidant capacities of liver hydrolysates extract obtained from three different 
proteases.
Methods
Fresh porcine livers were diced and frozen. Then they were homogenized 
with ice (1:1 w/w) in a cutter. Three different enzymes (BIOCON, Spain) were 
used under following conditions: papain (6000 USP): 37 ºC and pH=6; bro-
melain 2000: 40 ºC and pH=6, and alcalase (Bioproteasa LA 660): 50 ºC and 
pH=8. The enzyme-substrate ratio was 1:100 (w/w). Hydrolysis took place 
in an orbital shaker-incubator (125 rpm) at specific temperature of each en-
zyme, keeping constant to the corresponding pH by adding of HCl or NaOH 
1N for 10 hours. Enzymes were heat inactivated at 95 ºC for 3 minutes. After-
wards, mixtures were centrifugated at 4000 rpm for 5 min. The hydrolysates 
were fractionated using regenerated cellulose membranes with a molecular 
weight cut-off of 5 KD MWCO (Millipore, Germany). Four antioxidant meth-
ods were determined ORAC, FRAP and ABTS and DPPH radical scavenging 
activity (Huang et al., 2002; Benzie et al., 1996; Re et al., 1999; Brand-Williams 
et al., 1995, respectively). Total phenolic content (TPC) was measured ac-
cording to the method described by Medina-Remón et al. (2009). Antimicro-
bial activity from liver hydrolysates obtained was tested using an agar well 
diffusion modified method (Ramirez et al., 2012) to examine the effect on the 
growth of Gram-negative bacteria (E. coli, Salmonella enteric, P. aeruginosa) 
and Gram-positive bacteria (Brochothrix thermosphacta, S. aureus, L. mono-

cytogenes). Wells of 6 mm diameter were made using a sterile cork-borer. 
Positive controls consisted of gentamicin and nisin for Gram-negative  and  
Gram-positive bacteria and sterile water was the negative control for both. 
The effect of type of enzyme on antioxidant and antimicrobial capacity was 
examined using a one-way ANOVA, with IBM SPSS Statistics 23 software 
package.
Results
Concerning to antibacterial activities, liver hydrolysates only inhibited Bro-
chothrix thermosphacta growth. The strongest activity was achieved with 
papain since the percentage of inhibition was of 90%, followed by alcalase 
and bromelain with 71% and 60% of inhibition, respectively. This finding is 
in agreement with data reported by Verma et al. (2017) who observed that 
trypsin and papain hydrolysates from porcine liver presented higher inhibit-
ed against L. monocytogenes, E.coli and S. aureus growth compared to those 
form alcalase hydrolysates extracts. The antibacterial efficacy of porcine 
liver hydrolysate might be due to cationic property and hydrophobicity of 
peptides (Verma et al., 2017).
In terms of antioxidant capacity, statistical analysis showed significant 
(P<0.05) differences in all assays studied (TPC, DPPH, ABTS, ORAC and 
FRAP). Extracts obtained with alcalase exhibited the highest DPPH, ABTS 
and FRAP values, whereas between papain and bromelain no notable differ-
ences were found. This finding is in agreement with data reported by Verma 
et al. (2017) who observed that trypsin and papain hydrolysates from porcine 
liver presented higher ABTS values compared to those form alcalase hy-
drolysates extracts. The activity of hydrolysates to scavenge ABTS radicals 
depend on various factors such as the type of enzyme, degree of hydrolysis, 
solubility of hydrolysates, class of peptides and existence of free amino ac-
ids (Phanturat et al., 2010). Regarding the TPC and ORAC assays, hydroly-
sates from papain presented the lowest values, whereas the highest levels 
were found in extracts obtained from bromelain.
Conclusion
It can be concluded from the present study that antioxidant (TPC, DPPH, 
ABTS, FRAP and ORAC assay) and antimicrobial capacity of porcine liver 
hydrolysates was affected by type of enzyme used. The best results were 
observed in alcalase hydrolysates extracts.
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Vegetable protein in meat products (#308)

Claudia L. Laguna Paredes, Ulrike Rohrhofer, Barbara Hollogschwandtner
Austrian Agency for Health and Food Safety (AGES), Institute for Food Safety Vienna, Vienna, Austria

Introduction
Vegetable proteins (VP) are used in meat products (MPd) e.g. sausages for 
their moisture and fat binding properties, and as stabilizers. Traditional VP 
sources are soybeans and wheat, mostly in textured form. Also protein iso-
lates of legumes (soya, peas or lupines) (PI) are used in MPd.
VP structures are divided into 3 groups: Globular protein (spheroproteins), 
of simple composition e.g. albumins. Fibrous protein (scleroprotein), of con-
jugate or of derived composition e.g. keratin, collagen or elastin. Mixed pro-
teins [1].
Food industry offers expanded textured protein (ExTP) in 4 forms, flakes, 
chunks, granulates and powder. PI are mostly offered in powder form.
ExTP is a thermoplastic technology, where extrusion processes are involved 
preparing mixtures of protein, water, flavours and other minors. Products are 
put into a cooker-extruder, exposed to heat and pressure and subsequently 
extruding [2].
PI are gained from so-called white flakes. They are separated in pulp and ex-
tract. The extract is precipitated by an alkali separation. After neutralization 
it is spray dried to obtain proteinate (powder) [3].
Altshul [4] talk about soya protein concentrates, which are used in patties, 
sausages and meatballs. Its main purpose of adding to meat is to emulsify.
The aim of this work is to identify by means of microscopy and histology 
different kinds of VP in MPd.
Literatur
1. A. Beitia Leiva, Proteinas de origen vegetal y su interés nutricional. http://
zahartzaroa.artematiconorte.com/pdf/alimentacion/PROTEINAS VEGETA-
LES .pdf. Accessed 1 April 2019
2. G. Marcia H., Expanded textured protein. in Textured Protein Products, 
edited by I. WIEN (Library of Congress, New Jersey, 1977), pp. 95–170
3. Food and Agriculture Organization, Chapter 6: Isolated soybean pro-
tein (ISP). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5355584/. Ac-
cessed 1 April 2019
4. A. Altschul, New protein foods. new protein foods (Elsevier, 2012)
5. Amtliche Methoden für die Untersuchung von Lebensmittel and Amtli-
che Sammlung von Untersuchungsverfahren nach § 64 LFGB (vormals § 
35 LMBG) Band I (L), Untersuchung von Lebensmittel Bestimmung der ge-
weblichen Zusammensetzung von Fleisch, Fleischerzeugnissen und Wurst-
waren Routineverfahren zur qualitativen und quantitativen histologischen 
Untersuchung. Untersuchung von Lebensmittel Bestimmung der geweblichen 

Zusammensetzung von Fleisch, Fleischerzeugnissen und Wurstwaren Routine-
verfahren zur qualitativen und quantitativen histologischen Untersuchung (BVL 
Methodensammlung, Germany, 1989)
Methods
Samples:
1) VP: textured wheat protein, textured soya flakes and protein isolates of 
soya, lupin and peas.
2) Mpd: I) cuttered minced meat. II) minced meat cuttered with 1% of VP and 
5% water.
 
VP samples were analysed microscopically in their native forms.
ExTP flakes were rehydrated and cooked before use. MPd were formed and 
cooked in a water bath until a core temperature of +79°C. Afterwards they 
were cooled down quickly and cut into cubes. Cubes were frozen at -80°C 
for 2 hours, subsequently conditioned at -20°C for 24 hours.
Slices of 7µm thickness were cut and stained with hematoxylin - eosin met-
hod based on the official method according to §64 LFBG 06.00-13 [5].
MPd are observed in comparison before and after cooking with help of a 
light microscope.
Results
1) Native extured samples show long fibrous and spongy structures (e.g. Fig. 
1a). Native protein isolates appear in rounded structures (e.g. Fig. 2a).
2.I) Skeletal striated muscular fibers, connectivo-elastic tissue, vessels and 
adipose tissue were observed.
2.II) In slides of MPd with wheat textured protein, in addition of muscular 
fibers, long fibrous and spongy structures (Fig 1b) were recognized. Typical 
structures as aleuron cells or brush are detectable.
MPd with soya textured protein shows fibrous structures. Additionally pali-
sade cells are recognizable.
Structures that remind of protein isolate of legumes appear as rounded 
structures from dark pink to light purple colour. They contain defined mar-
gins partly with vacuolar inclusions and are mostly attached to animal tis-
sues (Fig. 2b).
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Conclusion
In MPd, structures of VP can be recognized by histological analysis because 
wheat and legumes show specific characteristics.
However, the distinction between the individual legume classes is currently 
not possible by means of microscopy.
Undeclared VP can be detected with this method. Further investigation for 
differentiating legume is necessary, e.g. testing different staining methods. 
 
 
 
 

 
Lupin protein isolate
Figure 2a: Lupin protein isolate native
Figure 2b: Lupin protein isolate in cooked meat product
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Textured wheat flake
Figure 1a: textured wheat flake native form, 100x
Figure 1b: cooked textured wheat flake in cooked meat product, 100x
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Animal welfare labels more important than novel healthier meat labels? (#420)

Marije Oostindjer1, Silje Helene Rimstad2, Bjørg Egelandsdal1, Anna Haug2

1 Norwegian University of Life Sciences, Faculty of Chemistry, Biotechnology, and Food Science, Ås, Norway; 2 Norwegian University of Life Sciences, Department of Animal and Aquacultural Sciences, 
Ås, Norway

Introduction
The agriculture sector and food industry are developing ways to improve the 
healthiness of meat, to counteract some of the presumed negative factors. 
The nutrient composition of meat itself can be modified by changes in feed-
ing practices or by genetic strategies. Selective breeding can change total 
carcass fat percentage and fatty acid profiles (Kelly et al., 2012). Improve-
ments in composition or processing may be marketed as an innovation, but 
the success of innovations relies on consumer interest. Not all consumers 
are willing to pay more for a healthier meat product, even if they have a pos-
itive attitude towards it (Tobin et al. 2014). It can thus be important to inves-
tigate consumer interest in and acceptance of healthier meat innovations, 
to help producers, food industry and policy makers make decisions about 
which strategy for improving the healthiness of meat is most suitable.
A survey was conducted to investigate to what extent Norwegian consum-
ers were interested in having healthier meat available for purchase and con-
sumption, with a focus on red meat. The study focused on attitudes and mo-
tivations of consumers to consume healthier meat in relation to their personal 
attributes and other factors/variables that influence their decision process.
Methods
This study included: 1) two focus groups (semi-structured group discus-
sions) where 5 or 8 consumers were present. The consumers shared their 
opinions about healthiness of meat in general, choice of meat and the role 
of meat in a healthy diet with particular focus on beef meat, and the need 
for healthier beef meat. Important themes and topics from the focus groups 
were included in an online survey with 500 consumers to get a more repre-
sentative overview of opinions of and attitudes towards meat in general, and 
towards healthier beef meat in particular.
The online survey was conducted through a market research company (Fak-
tum Markedsanalyse), securing a representative sample from the Norwe-
gian population (18-65 years). Vegetarians and vegans were excluded from 
participation in the survey that was carried out in 2016. However, the survey 
group could contain consumers prone to becoming vegetarians as, based on 
sales from 2017, vegetarian and vegan foods were the most rapidly increas-
ing food category in Norway (Mæland, 2018).
Results
Unsurprisingly, taste (30%) and price (18%) were the most mentioned de-
termining factors for choosing what meat to buy. Animal welfare was men-

tioned as the determining factor by 11% of the participants. Animal welfare 
was important to Norwegian consumers: 82% of respondents said that it is 
important/very important that production animals were well taken care of.
Animal welfare was also linked to healthy meat: the main factors used to 
choose healthy meat were animal welfare, additives, antibiotics and salt and 
fat content (total model: P<0.001, Figure 1). When asked which variables 
were important when choosing healthy meat, animal welfare was mentioned 
as important by 60% of consumers (Figure 1). When asked what information 
consumers would like to see on meat labels (Figure 2), animal welfare was 
also ranked as highly important.
Meat from farms with a focus on animal welfare was considered as health-
ier by 17% of consumers. In addition, meat from such farms was deemed of 
better quality (41%), more sustainable (29%) and it was ethically correct to 
buy meat from such farms (53%). The Food Control Authorities in Norway 
published their first open annual report on animal welfare violations in 2015. 
However, already then, the media and individuals where eager to get infor-
mation about animal welfare. Late 2018, some approved animal welfare la-
bels criteria became available through collaboration with Dyrevernalliansen 
(En: Animal welfare alliance) for chicken and beef meat, but Norway current-
ly does not have widely adopted national welfare labels such as those used 
in UK, Germany and the Netherlands. Presently, no evaluation of the new 
animal welfare label has been carried out.
Conclusion
Norwegian consumers gave high priority to Animal Welfare, linked animal 
welfare to healthiness of meat, and wanted welfare labels. No novel health 
label seemed to be able to compete with this request.
 
References
Kelly, M.J., Tume, R.K., Newman, S. & Thompson, J.M. 2012. Genetic variation 
in fatty acid composition of subcutaneous fat in cattle. Animal Production 
Science. 53, 129-133.
Mæland, K. Kraftig økning i vegetar-salget. Nettavisen 10.10.18 At https://
www.nettavisen.no
Tobin, B.D., O’Sullivan, M.G., Hamill, R. & Kerry J.P. 2014. European consumer 
attitudes on the associated health benefits of neutraceutical-containing pro-
cessed meats using Co-enzyme Q10 as a sample functional ingredient. Meat 
Science. 97, 207-213.
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Figure 1  and 2  
Two units to accompany  the abstract
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Addition Of Vitamin E In Pigs Feed: Could Prevent Cured-Meat Promotion Of Colon Carcinogenesis In Rats (#482)

Aurélie Promeyrat1, Nathalie Naud2, Florence Blas-Y-Estrada2, Martine Carlier1, Jean Luc Martin1, Edwin Fouché2, Cécile Héliès2, Françoise Guéraud2, 
Fabrice H. F. Pierre2

1 IFIP, The pig research institute, LE RHEU, France; 2 INRA, UMR 1331, TOXALIM, Université de Toulouse, ENVT, INP-Purpan, UPS, TOULOUSE, France

Introduction
Based on epidemiological studies, excessive consumption of cured meats 
induces a slight, but significant, increase in the risk of developing colorectal 
cancer [1]. Among the various hypotheses, recent studies have proposed 
the central role of heme iron in this positive association. Heme iron catalyz-
es the formation of genotoxic and cytotoxic nitroso-compound (NOCs) and 
lipid peroxidation end products (alkenals). Based on the important role of 
peroxidation and nitrosylation in the effect on cancer risk, our recent studies 
has made possible to propose a limitation of this effect via the enrichment of 
cured meat products with vitamin E during their manufacture [2]. In addition, 
supplementation in pig diet would also appear interesting to protect cured 
meat from the formation of carcinogenic substances, NOCs and alkenals [3]. 
In the present study we assess for the first time the effect of adding vitamin 
E in pig feed on preventing the promotion of colorectal carcinogenesis in 
rats fed a sausage-based diet from supplemented animals compare to sau-
sage-based diet from control animals .
Methods
A batch of 60 pigs, from Piétrain sires, were fed with either a basal diet or 
a basal diet supplemented with vitamin E (500 ppm), during the thirty nine 
last days of fattening. At slaughterhouse, quality measurements were per-
formed on Semimembranosus with pH1 (30 min. post mortem (pm)), ultimate 
pH (pH24 ext., at 24h pm) and on Gluteus Medius with colour analysis (col-
orimeter Konica Minolta, Japan) and drip loss sampling (EZ method). Two 
batches of cooked sausages were produced with pork shoulder and backfat 
stemming from of pig supplemented (LE) or control (LT). Before experimen-
tation on rats, cooked sausages have been characterized on colour and the 
levels of vitamin E, lipid oxidation (TBARS), heme and nitrosylated heme iron 
(Heme-NO). Thirty carcinogen-induced rats, divided among two groups (LE 
and LT) plus a negative control group (CON) without sausage allowed to 
determine after a long time nutritional study (one hundred days) the effect of 
vitamin E on: TBARS and Apparent Total Nitroso Compounds (ATNC) mea-
sured on faecal water and the number of mucin depleted crypts per colon, 
a better predictor of colorectal cancer than other preneoplastic lesions [2].
Results
Quality measurements showed a higher red index (p = 0.03) in favour to 
meat from supplemented animals (LE) (results not shown). Supplementa-
tion increases the vitamin E content by a factor of 2.5 in cooked sausages 

(Table 1). Colour values of the LE cooked sausages were different compared 
to the control (LT), but this effect did not probably noticeable to the naked 
eye. No significant differences in levels of heme, heme-NO and TBARS was 
observed.
Figure 1 shows that cooked sausage diet increase significantly number of 
preneoplastic lesions per colon and level of ATNC. Result on the crypts num-
ber per colon is in favor to vitamin E supplementation: Fig 1A shows a signif-
icant decrease for LE group in comparison to LT group, with a normalization 
of number of preneoplastic lesions similar to CON group without cured meat. 
In this study, Heme-NO depicts of eighty to ninety percent of ATNC found 
in faecal water and no significant effect of vitamin E supplementation was 
observed on ATNC and TBARS (results not shown).
Conclusion
This study demonstrates for the first time that vitamin E enrichment during 
pork rearing limits colon cancer promotion associated to cured meat con-
sumption. This strong protective effect is observed with preneoplastic le-
sions highly representative of colon cancer. However, this effect is not asso-
ciated to decrease of formation of faecal NOCs and alkenal. Therefore, this 
protection does not seem to be explained by a limitation of the formation of 
these toxic compounds. We explore currently detoxification enzymes level 
in mucosa of rats to verify if this effect is explained by a stimulation of the 
mucosal cytoprotection.
References
1. Bouvard, V., Loomis, D., Guyton, K.Z., Grosse, Y., Ghissassi, F.E., Benbra-

him-Tallaa, L., Guha, N., Mattock, H., Straif, K. (2015). Carcinogenicity of 
consumption of red and processed meat. Lancet Oncol. (16): 1599–1600.

2. Pierre F.H., Martin O.C., Santarelli R.L., Taché S., Naud N., Guéraud F., 
Audebert M., Dupuy J., Meunier N., Attaix D., Vendeuvre J.-L., Mirvish 
S.S., Kuhnle G.C., Cano N., Corpet D.E. (2013). Calcium and α-tocopherol 
suppress cured-meat promotion of chemically induced colon carcino-
genesis in rats and reduce associated biomarkers in human volunteers. 
Am. J. Clin. Nutr. (98): 1255-1262.

3. Meineri, G., Claudio M., Valeria G., Sonja V., P.G. Peiretti. (2013). Effect of 
dietary supplementation of vitamin E in pigs to prevent the formation of 
carcinogenic substances in meat products. JFCA 30 (2): 67–72.
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Figure 1 : Effect on mucin depleted crypt per colon (A) and the faecal 
ATNC (B). 
Significant differences: * p<0.05 and ** p<0.01 (n=10) 
 
 
 

 
Table 1: Colour and composition of cooked sausages (n=6). 
Within each column, means with different superscript letters are sig-
nificantly different (p<0.05) 
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Conception of meat product adapted to chewing deficiency of Elderly (#579)

Veronique S. Santé-Lhoutellier1, Thierry Sayd1, Diane de la Pomélie1, Laetitia Theron1, Marie-Agnès Peyron2

1 QuaPA, INRA, Saint Genes Champanelle, France; 2 UNH, INRA, Saint Genes Champanelle, France

Introduction
Meat is considered a high-quality and widely consumed protein source. The 
amino acids derived by diet serve as the main building blocks for de novo 
muscle protein synthesis, preventing sarcopenia in the elderly population. 
This population often suffers of impairment of chewing efficiency, leading to 
less intake and even avoidance of meat products.  For the elderly who are 
unable to swallow due to dysphagia, declining sensory perception and sa-
liva production, a decrease in meat intake can result in various malnutrition 
forms, and  unhealthy ageing. Therefore conceiving meat products with a 
texture meeting the masticatory capacity of elderly for delivering required 
nutrients is of importance from a public health perspective and for meat in-
dustry. The bioaccessibility of peptides and amino acids was evaluated after 
mimicking deficient mastication and digestion under elderly physiological 
conditions.
Methods
Deboned poultry tight meat were cut in 2x2x2 cm cubes, then injected with 
brine (13%). After 24h rest at 4°C, meat was cooked under vacuum at 80°C for 
8h before manually shredded and flash pasteurization. The meat texture was 
assessed using measurement of 20 and 80% compression (Instron). Four 
combinations of oral and digestive conditions were simulated. Normal and 
deficient mastication were programmed on the masticator apparatus AM2 for 
production of meat boluses. Boluses were characterized with granulometry 
and physical measurement. Rheology traits (hardness, cohesiveness) and 
granulometry of boluses were evaluated using TPA and sieves. D50 rep-
resents the median size of the bolus particles. Each boluses were digested in 
a dynamic digester (DIDGI®) mimicking adult or elderly digestive conditions. 
Proteins, peptides and free NH2 were determined in the 3 compartment di-
gesta (at 40’, 80’, 120’ for gastric; at 40’, 80’, 120’, 160’ for Duodenum/Jejunum; 
at 120’, 160’, 200’ for ileum) using Bradford, Direct detect and fluorescamine 
determinations. A two way Anova was performed (mastication and digestion 
as factors) with repeated measurements.
Results
The shredded poultry meat had a 20 and 80 % compression values of 1.2+/-
0.3 and 11+/-3 N/cm2, respectively. For the textural properties of the bolus-
es, we observed no difference between a deficient vs normal mastication 
in hardness (fig 1) or cohesiveness, elasticity and adhesiveness. However 
the deficient mastication lead to a significant higher median size of bolus 
particles (d50) (4+/- 0.7 mm for normal mastication vs 5.3 +/- 0.7 mm for 

deficient mastication. In other words, meat bolus arriving in the stomach after 
deficient mastication contained a greater proportion of large particles.
 
Fig 1: Hardness (N) of bolus after normal and deficient mastication
In the digestive process, the protein released from the meat matrix differed 
significantly in adult comparted to elderly conditions. The fig 2 showed that 
in elderly digestive condition, less proteins were released especially in the 
gastric compartment, while the difference was less marked in the 2 other 
compartments. Deficient mastication combined with the elderly digestive 
conditions delayed proteins and peptides appearance in the gastric com-
partment which did not reach the level observed in adult gastric digestion.
 
Fig 2: Protein release during meat digestion after normal/deficient masti-
cation and under adult or elderly physiological digestive conditions in the 3 
compartments.
Interestingly, the level free amine function at the end of the digestion did 
not differ whatever the chewing ability (fig 3). However, the elderly digestive 
conditions lead to a reduction of 25% of the level free amine function.  

Fig 3 : Free NH2 content at the end of digestion for adult/elderly digestion 
and normal and deficent mastication
 
Conclusion
Aging is associated with decreased chewing efficiency, which leads to a 
lower disruption of swallowed meat pieces, as we observed with bolus with 
higher particles size.  However, in the meat product developped, the phys-
ical traits of the bolus did not differ whatever the chewing efficiency. The 
conception of adapted meat product fot specific population need to inte-
grate the food oral processing in the overall digestive process, since meat 
intake decreased with an increase in age, while the requirements in proteins, 
minerals, are rising with age. Further work should be carried out with inter-
ventional study for the determination of plasma amino acid availability, and 
subsequent postprandial protein retention.
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Fig 1 
 

 
Fig 3
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High Pressure Treatment of Dry Aged Beef Trimmings for Fresh Meat Exchange in Raw Fermented Sausages (#142)

Franziska Witte, Dirk Steinriede, Christian Trumme, Frank Schilling, Volker Heinz, Nino Terjung, This IGF project of the FEI is supported via AiF within 
the programme for promoting the Industrial Collective Research (IGF) of the German Ministry of Economics and Energy (BMWi), bases on a resolution 
of the German Parliament.
German Institute of Food Technologies, Quakenbrück, Germany

Introduction
From 2014 to 2017, beef consumption in Germany increased by 8.25 % per 
capita and in addition over the past 10 years, consumption of high-quality 
meat products, such as dry aged beef, increased significantly [1]. Through 
the variation of the aging period, selection of the breed and the segment 
cuts, the selling prices can vary (12 to 100 €/kg). Within the project AiF 162 
EN “OptiDryBeef”, an idea developed to use a side stream product - dry 
aged trimmings. Moreover with this approach, ripening of raw fermented 
sausages, which is industrial needed [2], is accelerated.
To reduce microbiological contamination, trimmings were treated with high 
pressure processing (HPP) to ensure a microbial stable product. Among oth-
ers, trimmings were incorporated to exchange fresh beef in a raw fermented 
sausage.
Methods
Trimmings from more than 21-days dry abed beef loins were treated with 
high pressure (Wave 6000/55, Hiperbaric S.A., Burgos, Spain) at 600 MPa 
for three minutes holding time, frozen and then incorporated such as fresh, 
frozen beef into a raw fermented sausage. As pre-dried beef control, freeze-
dried beef (FDB) was utilized [3]. In Table 1 an overview of the exchanged 
amount of pre-dried beef is given as well as further ingredients. Samples 
were taken at day 0 and after 2, 5, 7, and 9 days of ripening. Microbiological 
analysis was conducted before and after HPP as well as during fermenta-
tion process. Furthermore, weight loss, water content (ASU L06.00-3) and 
pH-value (testo 480, Lenzkirch, Germany) was determined during ripening. 
Colour of samples was analyzed via L*a*b* measurement with CM-600d 
(Konica Minolta Sensing Inc., Marunouchi, Japan), whereas in this abstract 
only redness (a*-value) is considered.
Table 1: Overview of utilized amount of pre-dried beef and further ingredi-
ents.

 
Species Segment GEHA-Standard Condition Type and amount of pre-dried beef (%)

0 

%-DAB

100 %-DAB 50 %-DAB 7.5 %-DAB 7.5 %-FDB

Pork Shoulder S II Frozen 10 20 10 10 10

Fresh 30 30 30 30 30

Bacon S VIII Fresh 20 10 20 20 20

Beef Beef R II Frozen 40 0 20 37 37

DAB / Frozen 0 40 20 3 3

Further ingredients Amount (%)

Curing salt (with 0.5 % sodium-nitrite) 2.80

Salami spice with fermentation sugar (CL) (Pacovis, Stetten, Swiss) 0.85

Lyocarni VBY 81 (SACCO, Cadorage, Italy) 0.02

 
Results
Microbiological analysis before HPP indicates high counts for yeasts, En-
terobacteriaceae, Pseudomonas spec. and lactic acid bacteria, whereas after 
HPP counts decreased to counts of fresh beef, whereby a maximum of 3.0 x 
103 CFU/g was found for yeasts. Microbiological analysis of raw fermented 
sausages showed no significant differences between modifications [data 
not shown]. Due to the exchange of fresh beef by dry aged trimmings, al-
ready after three days of ripening a comparable water content to 0 %-DAB 
(control) was reached. Furthermore, caused by the lowest water content at 
beginning of ripening, 100 %-DAB has the lowest weight loss (19 w/w %), fol-
lowed by 50 %-DAB (Fig. 1). Minor differences between 0 %-DAB, 7.5 %-DAB 
and 7.5 %-FDB underline that amount of pre-dried beef is too less to obtain 
a significant accelerated ripening time. Additionally, the displayed regres-
sion analysis in Fig. 1 indicates a continuous drying of all salamis over whole 
ripening time. Higher pH-values at the beginning of ripening for 100 %-DAB 
are a result of the lower water content and therefore contribute to a slightly 
different acidification (Fig. 2). Redness of salamis with DAB are similar to 
control since myoglobin, which usually changes its modification while HPP, 
is denaturized/stabilized due to dry aging (Fig. 2). Contrary to these results, 
Figure 3 illustrates visual differences due to DAB content and consequently 
HPP since chopping of dry trimmings causes more smear due to a more 
difficult comminution in comparison to fresh beef.
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Conclusion
With HPP, microbiological spoilage of DAB trimmings is inhibited and there-
by expensive treatment of the usually discarded trimmings becomes eco-
nomical feasible. Therefore, an incorporation into raw fermented sausage is 
possible, while accelerating ripening time and operating sustainably.   Fur-
thermore, aroma of products can be enhanced by these trimmings, which is 
currently analyzed via aroma profile and sensory analyses.
References
1. BVDF. Informationen in Zahlen. 2018  [cited 2018 04.12.2018]; Available from: 
https://www.bvdf.de/in_zahlen/.
2. Fernandez, M., et al., Accelerated ripening of dry fermented sausages. 
Trends in food science & technology, 2000. 11(6): p. 201-209.
3. Lu, J. and W.E. Townsend, Feasibility of adding freeze‐dried meat in the 
preparation of fermented dry sausage. Journal of food science, 1973. 38(5): 
p. 837-840.
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pH-value ( ) and a*-value ( ) plotted against time after production 
(hours) 
Figure 2: pH-value ( ) [solid line] and redness/a*value ( ) [dotted 
line] over time after production (hours) from control (0 %-DAB), 
100, 50 and 7.5 %-DAB (content of dry aged beef trimmings) as well 
as 7.5 %-FDB (content of freeze-dried beef).
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Water content (%) plotted against weight loss (w/w %) 
Figure 1: Water content (%) against weight loss (w/w %) from control 
(0 %-DAB), 100, 50 and 7.5 %-DAB (content of dry aged beef trim-
mings) as well as 7.5 %-FDB (content of freeze-dried beef). 
 
 
 
 

 
Photos of salamis 
Figure 3: Photos of salamis from left to right with 0, 100, 50, 25, 
7.5 %-DAB (content of dry aged beef trimmings) and 7.5 %-FDB (con-
tent of freeze-dried beef).



Notes

65th International 
Congress of Meat Science 
and Technology

868

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

P-12-13 

Impact Of The Composition In Macronutrient And Palatants On Meat-Based Wet Food Intake In Domestic Cats 
(#296)

Hassan Safa, Aurélie De Ratuld, Elodie Revéret
Diana Pet Food, Mobrihan, Elven, France

Introduction
Belonging to strict carnivores, cats present specific physiological and ana-
tomical characteristics such as large canines, lack of salivary amylase, and 
also reduced activities of pancreatic amylase and of intestinal dissacchari-
dases. Due to their physiology and anatomy cats need high-protein diet and 
specific nutrients such as Taurine, Arachidonic acid and Vitamin A. Con-
trariwise there is no carbohydrate requirement in cats. However, as results 
of domestication today’s cats are fed with manufactured pet foods such as 
canned food elaborated mainly from meat and meat by-products,  but con-
tain various amounts of carbohydrates for technical and economical reasons. 
The objective of the present study was to examine food and macronutrients 
intakes in cats when canned foods are elaborated with various protein, fat 
and carbohydrate ratios and several kinds of palatants. The hypothesis was 
that the nature of the palatant may modify food intake and macronutrients 
intakes in cats during wet food meals.
Methods
Twelve wet diets were manufactured according to a standard process for 
canned cat foods. All diets were formulated with meat and meat by- prod-
ucts (pork liver, pork lung, chicken liver, chicken heart and chicken carcass). 
Wheat flour was used as the carbohydrate source. Vitamins and mineral 
mixes were added. All diets were formulated to have the same metabolizable 
energy (ME), approximately 80 Kcalories per 100g of total diet, while having 
variable protein, fat and carbohydrate contributions to the total ME (Fig.1). To 
evaluate the consumption of all diets, 40 cats were allocated to four groups 
of 10. For each group, the order of diet presentation was randomized using a 
Latin square design so that cats were cycled through three 2-days periods 
in which they were assigned to a single food. Uneaten food was collected 
every day and weighed. Results were expressed in g or kcal per kg of cat 
body weight in order to allow comparison of individual data for food or nutri-
ent intake of cats with various body weights.
Results
Our results (Fig.2) showed that diets food, macronutrients and correspond-
ing energy intakes were significantly affected by the type of diet, the nature 
of palatant and also by the interaction between the two factors (p< 0.0001). 
Diets with high carbohydrate content were the less consumed (except diet 
D2P3). The results showed that food and energy intakes of these diets re-
main low even with the addition of several kinds of palatants. However, the 

palatant P3 significantly increased the food and energy intake of the carbo-
hydrate-rich-diet showing that palatant nature can impact food and energy 
intakes from carbohydrate rich-diet. The higher food intake was observed 
with diet D3P3, followed by diets D3P0, D3P1 and D1P0.  Consequently, the 
highest energy intakes were observed with these diets. This showed that 
food and energy intakes depend both on the diet composition and on the 
nature of palatant. Concerning macronutrients intakes (Fig.3), although diets 
D1P0 to D1P3 had the highest protein content, they led to approximately the 
same protein intake as diets D3P0 to D3P3. For these diets, protein intake 
amounted to 3.8 - 6g.KgBW

-1 (14-20Kcal.KgBW
-1:). The lowest protein intakes 

came from diets D2P0 to D2P3 with around (1-2 Kcal.KgBW
-1). None of the 

palatants tested was able to increase protein intake from these diets to an 
acceptable nutritional level. The Anova showed that protein intake was af-
fected by the type of diet, the nature of the palatant and also by their inter-
action (p< 0.0001).Our results showed also that fat intake was affected by 
the type of diet, the nature of the palatant and also by their interaction (p< 
0.0001). For diets D1P0 to D1P3 the fat intake was around 1.3-1.5g.KgBW

-1. The 
highest fat intakes came from diets D3P0 to D3P3 with an average of 2.4 
g.KgBW

-1. The lowest fat intakes came from diets D2P0 to D2P3 that were 
rich in carbohydrate and were the least consumed products. For these diets, 
the fat intake was 0.8-1.2 g.KgBW

-1. Finally, our results demonstrated that re-
gardless of the inclusion of palatants, the highest carbohydrate intake came 
from diets D2P0 to D2P3, followed by diets D1P0 to D1P3. The lowest carbo-
hydrate intake came from diets D3P0 to D3P3. From a nutritional standpoint, 
there is no recommendation for carbohydrate intake because cats are strict 
carnivores. However, according to several studies, in cats there is a limit for 
carbohydrate intake at 250-300KJ per day. In the present study, the average 
of ingested carbohydrate with diets D2P0 to D2P3 was 12Kcal.KgBW

-1.day 
which is equivalent to 250 KJ per day. Therefore, regardless of the nature of 
the included palatant, it seems that carbohydrate ceiling and macronutrient 
selection remain a critical factor in food intake in domestic cats.
Conclusion
This study confirms that cats select foods to maintain adequate macronu-
trients intakes and prefer protein and fat to carbohydrate. They limit food 
consumption to avoid excessive carbohydrate intake even if several kinds of 
palatants are added in the diet.
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Fig.3 : Macronutrients and corresponding energy intakes 
Values :  means _ SEM, n = 80
KgBW  = Kg of body weight
Kcalories = kcalories of ME.
Atwater coefficients of 3.5 kcal ME/g protein and carbohydrate and 8.5 
kcal ME/g fat were used to calculate the contribution to metaboliz-
able energy; KgBW = Kg of body weight
 



Notes

65th International 
Congress of Meat Science 
and Technology

870

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Fig.2 :  Food intake (bars) and corresponding energy intake (■ 
squares) 
Values : means _ SEM, n = 80
KgBW  = Kg of body weight
Kcalories = kcalories of ME.
Atwater coefficients of 3.5 kcal ME/g protein and carbohydrate and 8.5 
kcal ME/g fat were used to calculate the contribution to metaboliz-
able energy; KgBW  = Kg of body weight 
 
 

 
Fig.1 :  Individual contribution of macronutrient to metabolizable ener-
gy (ME) of experimental diets 
P/ME, F/ME, C/ME are respectively the individual contribution of 
macronutrient to Metabolizable energy. P0 :Without palatant; P1 : a 
powder palatant; P2 another powder palatant and P3 : a liquid pala-
tant
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Extracted protein from slaughterhouse side streams – new functional ingredients for meat products (#306)

Louise H. Hofer, Ursula Kehlet, Birgitte W. Lund, Mari A. Tørngren, This project is supported by the Danish Agency for Institutions and Educational 
Grants and the Danish Pig Levy Fund. The authors thank the technicians and laboratories at the Danish Meat Research Institute (a division of the Dan-
ish Technological Institute), Taastrup, Denmark, for invaluable assistance during the experimental work.
Danish Technological Institute, Danish Meat Research Institute, DMRI, Taastrup, Denmark

Introduction
Side streams from the meat industry are a potential source of high-quality 
proteins for human consumption. However, some side streams e.g. lungs, 
heart and spleen are not desirable for human consumption per se, and tech-
nical solutions for processing of such animal side streams are needed for 
better utilization of the proteins. A solution for better utilization is extraction 
of the proteins. When extracting proteins from a solid matrix, the first step 
is to solubilize the intracellular material. This can be done chemically, phys-
ically or biologically. Until now, the Danish meat industry has primarily at-
tempted to upgrade the side streams through hydrolysis. During production 
of hydrolysates, the proteins lose their functionality and bitter peptides are 
often formed due to elevated temperatures and enzyme activity, which is not 
favourable for further application in meat products. It is important to maintain 
the functionality of the proteins in order to utilize these proteins as emulsify-
ing or gelling agents in meat processing.
The overall aim was to develop a gentle extraction method (without elevated 
temperatures) for protein extraction from a solid slaughterhouse side stream 
matrix, suitable for industrial upscaling. The hypothesis was that extraction 
under 20°C without enzymes would maintain the functionality of side stream 
proteins, thus making them eligible as emulsifying or gelling agents for meat 
products.
Methods
Different methods for protein extraction were investigated at laboratory 
scale[1]: water extraction; salt extraction (0.1M KCl in EDTA-buffer); alkaline 
extractions (varying in pH (9-10.8), extraction time (1-24 h) and temperature 
(3-20°C)). See Table 1 for further details. Afterwards, acid precipitation at 
pH 5.03 was used for all extraction methods, besides water, to obtain the 
extracted protein in a solid phase.
Furthermore, the effect on extraction yield was evaluated with varying pH 
(9.0-10.5), an extraction time of 1 hour at 3°C and a ratio of 1:5. The protein 
content was evaluated using the Kjeltec-Tecator system, analysing the con-
tent of organically bound nitrogen. The protein content was calculated as 
%Nx6.25. The extraction efficiency was determined from the content of pro-
tein in extract [g]/protein in lung tissue [g]x100.
 
[1] At laboratory scale 100 g of lung tissue was used for each extraction

Results
Different cold extraction methods were evaluated in a screening trial (Figure 
1). Alkaline extraction showed the greatest extraction efficiency compared 
to salt extraction. A positive correlation between pH and the extraction yield 
was found for alkaline extraction. Furthermore, elevated temperature or lon-
ger extraction time also resulted in an increased extraction yield.
Functionality was evaluated in the forms of water binding, foamability and 
gelling properties. The methods showed no significant differences in func-
tionality (results not shown).
Alkaline extraction at high pH resulted in a greater extraction yield, although 
it is also expected to have a negative effect on the wearing of the upscaling 
equipment. Usually, the wearing of the equipment is determined by the num-
ber of cleaning circles, which are performed at pH 11. Using an extraction 
solvent of pH 11 would thereby halve the wearing of the equipment as it is 
expected to be cleaned between every extraction. Lowering the pH to 9.0 is 
therefore expected to be relevant due to the rentability of the process. How-
ever, the efficiency at pilot scale is still to be evaluated at varying pH in order 
to evaluate the rentability of the process.
Alkaline extraction at pH 9, for 1 h at 20°C and ratio 1:5, had an efficiency of 
55%, which is comparable to water extraction (extraction efficiency of 53%). 
However, extraction at pH 9 will prevent unwanted bacterial growth during 
extraction, which is beneficial compared to water extraction in which there 
will be no control of bacterial hurdles.
At laboratory scale, the precipitation step resulted in a loss of 50-60% of the 
extracted proteins (results not shown). Furthermore, handling of concentrat-
ed hydrochloric acids in large scale is not wanted. Upscaling the process to 
a pilot scale[1] has therefore focused on a method to avoid precipitation and 
concentrating the extracted proteins by membrane filtration. The effect of a 
drying step will be tested in the further work of the project (Figure 2).
[1] At pilot scale, 10 kg of lung tissue are used for each extraction
Conclusion
To conclude, alkaline extraction is a gentle method for extracting proteins 
from a solid matrix such as porcine side streams and shows great potential 
for upscaling of slaughterhouse side streams. 
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Flow chart that illustrates the processing of slaughterhouse side 
streams into functional ingredient 

 
Extraction yield of the different extraction methods investigated 
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An animal fat replacer for plant-based salami-type sausage analogues (#311)

Johannes T. Dreher, Monika Gibis, Jochen Weiss
University of Hohenheim, Department of Food Physics and Meat Science, Stuttgart, Germany

Introduction
Consumption of meat and processed meat products is associated with a 
high environmental impact. Meat-based foods generally require more ener-
gy, land use, and water resources than plant-based meals. However, meat 
and processed meat products are an integral part of many people’s diet. 
Providing plant-based products that resemble the organoleptic and sensory 
properties of traditional processed meat products could help to shift the hu-
man diet towards less meat consumption.
When designing processed meat analogues, attention must be paid to de-
velop an appropriate replacement not only for the meat-like structure, but 
also for the animal fat. For the production of meat products, cuts of the an-
imal rich in fat, such as belly or back fat, are used. These parts consist of 
adipose tissue combined with connective tissue, i.e. a highly elastic collagen 
protein network. Regular plant oil or fat therefore fail to adequately mimic 
these textural properties. This is particularly important for products where 
the structure of animal fatty tissue is not completely comminuted during the 
production process, such as in salami-type sausages or bacon slices.
We developed a novel approach of structuring plant-based lipids in order to 
resemble the optical and textural properties of animal fatty tissue, especially 
with regard to the production of plant-based dry-fermented sausage ana-
logues. Therefore, oil or fat was incorporated into a matrix of plant proteins 
by means of emulsification and subsequently transformed into an elastic 
material by gelation. These so-called emulsion gels can then be used as a 
replacement for animal fat in various meat analogues.
Methods
Emulsions were prepared with a total lipid content of 70% (w/w) using soy 
protein isolate (protein content >90%) as an emulsifier. Lipids used were 
either plant oil or fats or mixtures thereof. Homogenization was done us-
ing a rotor-stator homogenizer (MaxxD Lab, FrymaKoruma AG, Rheinfelden, 
Switzerland) at 5000 rpm. Emulsions were gelled in order to obtain an elas-
tic, sliceable material which could then be used as an animal fat replacer. 

For visualizing the microstructure the lipid phase was stained with Nile red 
and images where taken with a confocal laser scanning microscope (CLSM) 
(Eclipse-C1, Nikon, Düsseldorf, Germany). Melting behaviour was investigat-
ed using a differential scanning calorimeter (DSC 8500, Perkin Elmer Life 
and Analytical Sciences, Shelton, USA). Texture analyses were done using 
an Instron universal testing machine (3365, Instron Engineering Corporation 
Ltd, Canton, USA) and an oscillatory rheometer (MCR 502, Anton Paar, Os-
tfildern, Germany) was used to study viscoelastic properties emulsion gels.
Plant-based salami-type sausages where produced in the pilot plant of the 
University of Hohenheim using a bowl chopper (K64, Maschinenfabrik Sey-
delmann KG, Stuttgart, Germany) and filled into casings with a vacuum filler 
(VF 616, Handtmann, Biberach, Germany). High moisture extruded proteins 
produced at the German Institute of Food Technology (DIL, Quakenbrück, 
Germany) served as meat analogues, while the above mentioned emulsion 
gels were used to replace the animal fat. Sausages were dried in a drying 
chamber (Master UK 1800 EE, Reich, Schechingen, Germany) for several 
days. Sensory evaluation of the products was always performed with at least 
25 panellists.
Results
The results showed that the production of protein-stabilized emulsion gels 
is a suitable possibility for structuring plant-based lipids so that they exhibit 
elastic properties, similar to animal fatty tissue. Their textural properties can 
be tuned by varying the protein content or amount of solid fat in the gels. 
The produced prototypes showed very good optical and sensory properties, 
which makes our approach a promising solution for the food industry.
Conclusion
Plant protein-stabilized emulsion gels can replace animal fat in plant-based 
salami-type sausages. By exhibiting elastic properties they present an op-
portunity to overcome the textural limitations of pure plant fats when produc-
ing processed meat analogues.
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Liquefaction of Porcine Hoof Shell via Steam Explosion (#361)

Qingshan Shen1, 2, Hang Wang1, Xia Li1, Chunhui Zhang1

1 Chinese Academy of Agricultural Sciences, Institute of Food Science and Technology, Beijing, China; 2 University of Liege, Laboratory of Biomass and Green Technologies, Gembloux, Belgium

Introduction
Porcine hoof shell (PHS), as a keratin-rich animal byproducts, is character-
ized by plenty of intermolecular and intramolecular cystine cross-links and 
formed disulfide bonds between cross-linking protein chains and hard to 
be degraded in nature [1-2]. Most of PHS is discarded, which causes envi-
ronmental negative impacts and is against the strategy of sustainable de-
velopment. Steam explosion (SE) is developed from conventional extrusion 
or steam spout or swollen technologies. Now, SE mainly devoted for the 
lignocellulosic biomass such as cellulose, hemicellulose and lignin [3]. After 
SE pretreatment, the constitutive components of biomass are released. For 
instance, oligosaccharides produced from the sugarcane bagasse, and the 
enzyme and solvent accessibility of cellulose are increased. In terms of the 
animal byproducts, duck feather treated with SE has been reported that the 
disulfide cross-links and hydrogen bonds could be broken by SE [4]. In the 
present study, SE was proposed to liquefy the PHS. The liquefied rate was 
investigated at specific pressure and maintaining time via SE. The chemical 
composition change of the SE samples was analyzed.
Methods
Experiments were carried out with the SE apparatus. SE process was shown 
in Figure 1. About 55 g of PHS were loaded into the chamber and pressurized 
at 0.5, 1, 1.5, 2 and 2.3 MPa. Each pressure was kept for 5, 10, 15, 20, 25 and 30 
min, respectively. The liquefied rate was measured as weight loss of sample 
during SE process and expressed as a percentage of initial sample weight 
(Liquefied rate = (1-m1/m0) ×100. Where m0 and m1 represents the weight of 
the initial sample before SE treatment, and the weight of the solid residual 
after SE treatment, respectively).
Moisture content in raw PHS (about 50 g) was determined by drying at 
105±1 °C in the oven until constant weight. After that, the dry basis of PHS 
was smashed into powder to estimate the content of protein, fat, ash and 
mineral elements. The contents of protein, fat and ash were determined by 
AOAC methods. The molecular weight distribution of polypeptides in the 
liquid fractions of SE samples were determined via HPLC. Statistical analysis 
was performed using SPSS 17.0 software. Data were subjected to one-way 
analysis of variance followed by Duncan’s multiple range tests. Significance 
was set at p<0.05. All experiments were carried out in triplicate and the data 
were shown as mean ± standard deviation.

Results
The moisture content in the raw PHS was 50.36±0.32%. For the dry basis, 
PHS powder was characterized by a 97.36±1.41% protein content. The con-
tents of ash and fat were 1.13±0.27% and 0.91±0.11%, respectively. Forty-eight 
minerals were detected, which accounted for 0.53±0.05% in the dry basis 
(Fig. 2A). The contents of total amino acids determined in PHS were shown 
in Figure 2B. The results suggested that PHS contained organic and inor-
ganic substances, which may be required for microbial activities. Therefore, 
PHS has the great potential to prepare peptone.
With the increase in pressure (from 0.5 to 2.3 MPa) and maintaining time 
(from 5 to 15 min), liquefied rate was improved dramatically (P<0.05). Es-
pecially, when pressure and time was more than 0.5 MPa and 10 min, re-
spectively, debris (insoluble) was not observed. The highest liquefied rate 
reached about 96% at 2.0 MPa for 15 min (Figure 3A). In order to investigate 
the constituents of liquid fraction SE samples, the distribution of peptides 
was analyzed (Figure 3B). Under the same pressure, the fraction of the mo-
lecular weight > 10 kDa was decreased significantly (P<0.05) with the main-
taining time increasing, and the counterpart < 2 kDa was increased dramati-
cally (P<0.05). SE could induce the PHS liquefaction at the specific pressure 
and maintaining time. During the SE conditions, PHS was likely subjected 
hydrolysis reaction and then converted into an aqueous product. Based on 
the results of distribution of peptides, the liquefied PHS can be made into 
short peptides product.
Conclusion
In the present study, SE was proposed to liquefy degradation-resistant kera-
tin from animal byproducts with co-friendly. PHS can be liquefied by SE. The 
liquefied PHS has a great potential to prepare the peptone for fermentation 
industry in the future.
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Figure 1. The diagram of the SE process. 
(A) The SE apparatus. (B) Raw material was loaded in the cylinder. 
(C) Steam pressurization phase, cylinder and piston were tightly 
coupled. (D) Instant catapult explosion phase, the piston was cat-
apulted out of the cylinder, which was driven by the actuators and 
the kinetic energy of the steam and material. 
 
 

 
Figure 3. Liquefaction of PHS by SE and the distribution of peptides in 
liquid fraction of PHS.  
(A) The liquefied rate of different SE samples. (B) The distribution 
of peptides in liquid fraction of PHS 
 
 

 
Figure 2.  
Contents of main mineral elements and amino acids in PHS. 



Notes

65th International 
Congress of Meat Science 
and Technology

876

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

P-12-17 

GreenPork - impact of grass-protein to slaughter pigs on final meat quality (#414)

Margrethe Therkildsen1, Martin K. Rasmussen1, Jens A. Jensen1, Søren K. Jensen2, Lene Stødkilde2

1 Aarhus University, Department of Food Science, Tjele, Denmark; 2 Aarhus University, Department of Animal Science, Tjele, Denmark

Introduction
The market for organic pork is expanding in Denmark, however the produc-
tion is challenged by facts like increased ammonia emission from organic pig 
production systems, partly caused by a suboptimal amino acid composition 
of the protein feed. So far, the organic protein sources are based on imported 
soy, contrasting also with the organic principles. In addition, the crop rota-
tion in organic pig farms has problems with perennial weeds causing low 
yields, thus introduction of crops, which can minimize this load, is beneficial. 
Feeding organic pigs with bio-refined protein from grassland crops would 
lead to an organic pork production that is based on local feed, 100% organic 
and which is beneficial for carbon sequestration, biodiversity, weed manage-
ment, and resource efficiency.
The composition of the feed affects the meat and eating quality of organic 
pork, which is related to the incorporation of fatty acids from the feed into 
subcutaneous and intramuscular fat, giving rise to changes in functionality 
and flavour. Grass-protein products have a high content of poly-unsaturated 
fatty acids, specifically ω-3 fatty acids and a high iodine value, thus inclusion 
of this feed component in the diet may have an impact on the risk of oxida-
tion, the flavor and the firmness of the fat. The protein source itself might also 
affect the flavor of pork, although the impact of grass-protein is not studied.
The aim of this experiment was to study the effect of grass-protein as protein 
source for slaughter pigs on the meat and eating quality. We present the 
results of increasing amounts of a grass-protein product (0, 5, 10, and 15%) 
in the diet to slaughter pigs from weaning to slaughter on slaughter quality 
traits, colour of meat and fat and eating quality.
Methods
The grass-based protein was refined from organic clover-grass produced in 
the growth season 2018. The content of crude protein (CP) was 47% in the 
grass-protein product.
Forty-eight D-LY sow pigs were included in the experiment from one week 
post-weaning (48 d old), and raised at the pig facilities at Aarhus University. 
The pigs were raised in groups of 3 pigs (16 groups) and were offered one 
of the four diets with 0, 5, 10 or 15 % grass-protein product. From d 48 the 
pigs were offered a starter diet (CP 20.6%), from d 90 - 124 a grower diet 
(CP 18.6%), and finally from d 125 until slaughter at d 166 a finisher diet (CP 
17%). The diets were primarily based on barley and wheat mixed with Chi-
nese soy press cake, oat, peas and faba beans, and the specific amount of 
grass-protein product, which substituted primarily soy press cake and faba 

beans. The pigs were slaughtered at Danish Crown (Herning, Denmark), and 
24 h post mortem the M. longissimus lumborum (LL) was sampled for meat 
quality analysis. pH and colour of meat and fat were measured. The Loin (LL) 
was aged for 7 d in vacuum at 4°C, frozen and used for sensory profiling by 
a trained panel (9 judges). The loins were thawed at 4°C for 20 h and sliced 
into six chops with a thickness of 20 mm. A frying plate was preheated to a 
temperature of 170°C, rubbed with sunflower oil and the chops were cooked 
to a core temperature of 68-70°C while turned after two, four and six minutes 
etc. The odour, taste, flavour and texture of the chops were evaluated on an 
unstructured scale from 0-15.
Data was analyzed using the proc mixed procedure in SAS, with diet as the 
main effect, and group and judge as random effects.
Results
The amount of grass-protein in the diets varied from 0 to 41% of the total 
crude protein in the diets (figure 1), however this did not have an effect on the 
final carcass weight, whereas the meat percentage increased with increased 
grass-protein in the diets (table 1). The meat became darker, less red and 
less yellow with increasing grass-protein levels in the diet, whereas the ef-
fect on fat colour was less clear, the 5 and 15 % diets gave darker, but more 
yellow fat in comparison to 0 and 10 % grass-protein (table 1).
The sensory profiling of the loin chops found no difference in the odour (not 
shown), whereas there was a tendency for decreased acid taste (P=0.08) 
and increased piggy flavour (P=0.08) with increased grass-protein in the 
diet, with no other differences between the 4 diets in taste and flavour (table 
2). Juiciness, tenderness and bite resistance was unaffected by the diets, 
but an increased amount of fibrous tissue was recognized with increased 
grass-protein in the diet.
Conclusion
Pork raised on local produced bio-refined protein from clover-grass as part 
of their diet would be beneficial for the environment and the climate as well 
as the pork production fitting better with the organic principles. The results 
from this study have shown the potential in this strategy as there where only 
minor differences in the eating quality of the loin depending on the amount 
of grass-protein in the diet. To further confirm the potential in grass-protein 
for slaughter pigs the impact on oxidation and fatty acid composition will be 
studied.
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Figure 1  
Percentage of grass protein in diets with 0, 5, 10 or 15% grass-pro-
tein product 
 
 
 
 
 

 
Table 2  
Sensory evaluation of pork loins from pigs fed 0, 5, 10 or 15% 
grass-protein product
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Table 1  
Slaughter and color characteristics of pigs fed 0, 5, 10 or 15% 
grass-protein product 
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Improving the sustainability of meat supply chains by the application of novel packaging solutions (#428)

Antonia Albrecht1, Martin Hebel1, 2, Lucas Correa Dresch1, Ulrike Herbert2, Sophia Dohlen1, Judith Kreyenschmidt3

1 University of Bonn, Institute of Animal Science, Bonn, Germany; 2 Dr. Berns Laboratorium GmbH&Co. KG, Neukirchen-Vluyn, Germany; 3 Geisenheim University, Department of Fresh Produce Logistics, 
Geisenheim, Germany

Introduction
Food packaging is of essential importance for the protection, distribution, 
preservation and presentation of the product. Since fresh meat is highly sus-
ceptible to microbial contamination and spoilage, different packaging strate-
gies have been developed to preserve a high quality and safe product. The 
prolongation of shelf life is one major goal for approaches to the prevention 
of food waste and loss (FLW). Despite this benefit, the environmental impact 
of packaging waste is discussed intensely. This study aimed at the evalua-
tion of different packaging technologies to preserve meat, prolong the shelf 
life, improve the food safety and reduce FLW. For assessing the sustainabil-
ity of food packaging, the potential to reduce food waste was analyzed as a 
ratio of the environmental impact of the packaging.
Methods
Over 300 storage trials were conducted to evaluate the potential of various 
packaging strategies (aerobe, modified atmosphere (ma), vacuum, active, 
intelligent) for different fresh meat products (poultry, pork, lamb and beef). 
During the trials, the products were stored under temperature controlled 
conditions according to the legislative recommendations of the particular 
product. Total viable counts (TVC) and typical spoilage bacteria (Pseudomo-
nas sp., Brochothrix thermosphacta, Lactobacilla, Enterobacteria) were de-
tected by classical enumeration techniques. A predictive modeling approach 
was conducted to assess the shelf life of the product and determine the 
potential to reduce FLW. The environmental impact of FLW reduction was 
calculated in relation to the resources normally used for meat production 
(H2O, animals, CO2, feed). A Life Cycle Assessment (LCA) was conducted 
to characterize and evaluate the packaging material according to the food 
protection, recyclability, resource efficiency and sustainability.
Results
The results of the storage trials confirmed that vacuum and ma-packaging 
significantly prolonged the shelf life of fresh meat in comparison to aerobe 

packaging. A specific modulation of the utilized atmosphere supported the 
growth inhibition of particular pathogen bacteria. In comparison to con-
ventional ma-packaging, active packaging showed the potential to further 
prolong the shelf life of the product by one to two days. The storage tri-
als revealed that the variability of microbial counts is high and knowledge 
about the initial contamination is crucial for appropriate shelf life modeling. 
Intelligent packaging offers the opportunity to implement a flexible shelf life 
date by reflecting the real product status within the supply chain. The re-
sults showed that innovative packaging solutions have the potential to pro-
long the shelf life of fresh meat products up to five days. As an example for 
chicken in a national supply chain, a prolongation of shelf life by two days 
results in a FLW reduction by 15%. According to the research calculation, 
this is equivalent to 7.279.881animals, 94.638 t feed, 203.837 m³ of water and 
14.559.762 CO2 equivalent per year.
Conclusion
Food packaging has a high potential to optimize meat supply chains accord-
ing to sustainability aspects. Selecting the appropriate packaging solution 
for the specific meat product is crucial for the reduction of FLW. Additionally, 
the structure of the food supply chain has to be taken into account for esti-
mating the potential to reduce FLW in different steps of the chain. In com-
parison to conventional packaging, active and intelligent packaging technol-
ogies offer enhanced potential to prolong shelf life, display the actual quality 
and safety status of the product and optimize cold chain management. Thus, 
the resource efficiency and sustainability of the meat production sector can 
be significantly increased, leading to substantial savings of animals, feed, 
H2O and CO2. Additionally, the reduction of FLW results in a lower volume of 
supplied packaging units and packaging material. For a comprehensive sus-
tainability analysis, the recyclability or compostability as well as circularity of 
the packaging material is of major importance.
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Utilization of chicken by-products: Gizzard inner lining extracts for injury protection to gastric mucosal cells (#438)

Chien H. Ni1, Shiro Takeda2, Fu Y. Chuan3, Yu T. Liu4, Liang C. Lin1, Ryoichi Sakata2

1 National Chung Hsing University, Department of Animal Science, Taichun, Taiwan; 2 Azabu University, School of Veterinary Medicine, Sagamihara, Japan; 3 Toko University, Department of Food Manage-
ment, Chiayi, Taiwan; 4 Chao Yang University of Technology, Department of Golden-Ager Industry Management, Taichung, Taiwan

Introduction
In the classical Chinese medicine book Compendium of Materia Medica, the 
chicken gizzard inner lining (GIL) is referred to as the “endothelium corneum 
gigeriae galli,” which is purported to help maintain the integrity of stomach 
lining. However, because these supposed effects of GIL are not scientifically 
reported, studies are required to assess and demonstrate these effects.
Methods
In this study, GIL extracts were prepared for the purpose of obtaining protein. 
These extracts were subjected to a cell viability assay with a rat gastric mu-
cosal cell line and wound healing assay following injury conditions induced 
by indomethacin. Moreover, the effects of GIL extracts on cyclooxygenases 
(COX)-1 and COX-2 levels in indomethacin-injured cells were investigated.
Results
Effects of the GIL protein extract on RGM-1 cell injury 
induced by indomethacin
The GIL protein extracts have the potential to increase the viability of indo-
methacin-injured cells (Figs. 1A and 1B), and the GIL extract is potentially 
useful for the alleviation of gastric injury. Thus, the GIL protein extracts were 
also expected to have other effects, such as enhancing the motogenic ac-
tivity in the injured cell.
Effects of GIL protein extract on wound healing in RGM-1 
cells
The GIL protein extracts induced high motogenic activity in RGM-1 cells fol-
lowing injury by indomethacin (Fig. 2); this result is consistent with that for 
RGM-1 cell viability in injury induced by indomethacin (Fig. 1B). Thus, GIL 
extract was suggested to affect the enhancement of RGM-1 cell migration as 
well as positively affect cell viability after injury by indomethacin.

Effects of GIL protein extract on COX-1 and COX-2 gene 
expression in indomethacin-injured RGM-1 cells
From the results of COX-1 and COX-2 gene expression in this study, COX-2 
levels were found to be elevated by injury with indomethacin and the GIL 
protein extracts reduced COX-2 expression and COX-2/COX-1 intensity. 
Thus, COX-2 expression was also confirmed to be a useful indicator of the 
extent of inflammation following injury by indomethacin, and GIL protein 
extract was suggested to downregulate COX-2 expression of RGM-1 cells 
(Figs. 3A and 3B).
Conclusion
This study suggested that GIL protein extracts effectively recover RGM-1 
cell viability following injury by indomethacin. In addition, the extracts also 
encouraged RGM-1 cell migration in a wound healing assay. These effects 
were believed to be primarily caused by the GKN-1 protein present in the GIL 
extract. Moreover, it was suggested that treatment with GIL extracts resulted 
in the downregulation of COX-2 expression in indomethacin-injured cells. In 
summary, GIL extracts can be a useful food material or supplement for pro-
tection against gastric inflammation.
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Fig. 1: Effects of GIL protein extracts on the indomethacin-injured 
RGM-1 cells 
A shows analysis of tolerance of RGM-1 cells to indomethacin by MTT 
assay.B shows the protective effect of GIL against indomethacin-in-
duced RGM-1 cell cytotoxicity by MTT assay.
—▲—: RGM-1 cells with different concentrations of GIL protein ex-
tracts;---◆---: RGM-1 cells treated with different concentrations of 
GIL protein extracts with injury induced via 800 μmol/L indometha-
cin.
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Migration proportion (%) was estimated by measurement of cell migra-
tion acreage within the wounded r 
A shows COX-1 and COX-2 mRNA expression in the injured RGM-1 cells 
treated with GIL protein extract in RT-PCR. †GIL protein extracts 
(mg/mL): RGM-1 cells treated with different concentrations of GIL 
protein extracts; ‡ Indomethacin injury: Injury was induced in RGM-1 
cells by addition of 800 μmol/L indomethacin. 
B shows the solid columns indicate the data of RGM-1 cells with in-
jury induced. The hollow columns indicate the data of non-injured 
cells. 
 
 

 
Fig. 2: Elevation of migration ratio in the indomethacin-injured RGM-1 
cells by GIL protein extracts 
Migration proportion (%) was estimated by measurement of cell mi-
gration acreage within the wounded region for 24 h as compared with 
negative controls (mosaic histogram) and GIL protein extracts (gray 
histogram).
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Purification Of Angiotensin-Converting Enzyme Inhibition Peptides From Bovine Bone (#475)

Song M. Cao, Wan G. Zhang, Guang H. Zhou
Nanjing Agricultural University, College of Food Science and Technology, Nanjing, China

Introduction
Hypertension is a serious threat to human health causing many diseases 
including cardiovascular disease, kidney failure, arteriosclerosis, and stroke. 
Renin-angiotensin- aldosterone system (RAS) and kallikrein-kinin system 
(KKS) are the two major hormone systems that regulate blood pressure [1]. 
The relationship between the RAS system and the KKS system is mutually 
antagonistic. Angiotensin I-converting enzyme (ACE) plays a central physi-
ological role in the RAS and KKS systems [2]. At present, hypertensive pa-
tients control high blood pressure by taking potent synthetic ACE inhibitors 
such as captopril, quinapril and lisinopril [3]. However, these potent synthetic 
ACE inhibitors can cause many side effects including coughing, rashes, ele-
vated blood potassium levels and headaches [4]. Thus, it is great significant 
to explore stable ACE inhibitors without side effects. It has been reported 
that some peptides released from natural proteins have ACE inhibitory ac-
tivity without the side-effects [5]. Therefore, the aim of our research was 
to investigate the optimal enzymatic hydrolysis conditions to generate the 
bovine bone hydrolysate with the highest ACE inhibiting activity.
Methods
Decalcified bone powder was mixed with deionized water and the pH of the 
solution was adjusted to 2.0 using 2 M HCl. The homogenate was then hy-
drolyzed by the addition of pepsin with stirring at 37 °C for 4 h, 6 h or 8 h. The 
enzyme was then inactivated for 10 min using boiling water bath. The cooled 
slurries were centrifuged and the supernatant (BBH) was freeze-dried be-
fore storage at -80 °C. Response surface methodology (RSM) was used to 
determine the optimal enzymatic process parameters for obtaining the bo-
vine bone hydrolysate with maximum ACE inhibition rate. All experiments 
were repeated separately at 3 times.
The ACE inhibitory activity was measured by HPLC [6]. Briefly, 40 µL of 
samples were mixed with 200 µL of 5 mM HHL and the mixture was pre-in-
cubated at 37 °C for 5 min. Typically, six concentrations were used for each 
sample. The 20 µL of 0.1 U/mL ACE was then added to the mixture and in-
cubated for 40 min at 37 °C. Finally, the reaction was stopped with 250 µL of 
1 M HCl. The control was boric acid buffer instead of samples. The aqueous 
solution was analyzed by HPLC after membrane filtration. All experiments 
were repeated separately at 3 times. The Duncan’s Multiple Range Test was 
used to calculate significant differences.
%ACE inhibition=[A0-A1]/A0×100 (A0 is the peak area of control and A1 is 
the peak area of sample).

Results
Multivariate quadratic equation regression analysis was performed on the 
experiment data using Design Expert 8.0.6 software to obtain the required 
mathematical model. The model fitted to the second-order polynomial is Y=7
4.88+1.95A+2.85B+2.71C+0.27AB+0.77AC-1.38BC-6.12A2-2.01B2-3.25C2 (A: 
enzymatic hydrolysis time, B: substrate concentration, and C: E/M ratio). In 
order to intuitively express the influence of three factors on the ACE inhibi-
tion rate of bovine bone hydrolysate, the response surface and contour map 
of the three factors were plotted (Fig. 1). It can be observed that the P value 
of the regression model was 0.0004 (P < 0.01), indicating that the model 
reached a significant level (Table 1). The lack of fit analysis of the regression 
model was not significant (P = 0.1179), indicating that the selected model 
was suitable. The regression coefficient and the correction coefficient of the 
model were 0.9618 and 0.9127 indicating that the model has good fitting de-
gree and the experimental error is small. The results showed that the optimal 
enzymatic hydrolysis time was 6.38 h, the substrate concentration was 7.23 
g/100 mL and the E/M ratio was 0.91%. Under these conditions, the theoret-
ical ACE inhibition rate of the bovine bone hydrolysate could reach 76.36%.
Conclusion
Considering the convenience of operation, the enzymatic hydrolysis process 
parameters were partially modified: the enzymatic hydrolysis time was 6.5 h, 
the substrate concentration was 7.5 g/100 mL and the enzyme bottom ratio 
was 0.9%. The average ACE inhibition rate of bovine bone hydrolysate was 
78.01% which is consistent with the theoretical value. Therefore, the opti-
mized extraction process parameters based on the response surface meth-
od are both accurate and reliable.
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Table 1. ANOVA for response surface quadratic model analysis of vari-
ance 
Note: (1) A: enzymatic hydrolysis time, B: substrate concentration, 
and C: E/M ratio; (2) P<0.01 is extremely significant, denoted by **; 
P<0.05 is significant, denoted by *; P>0.05 is not significant; (3) 
R2=0.9618, RAdj

2=0.9127.

 
Fig. 1  
Three-dimensional response surface and contour plots 
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Olive mill wastewater phenols as natural antioxidant against protein oxidative deterioration in beef hamburger 
(#480)

Enrico Novelli1, Stefania Balzan1, Luca Fasolato1, Agnese Taticchi2, Michele Zanin1, Federico Fontana1

1 University of Padova, Department of Comparative Biomedicine and Food Science, Legnaro, Italy; 2 University of Perugia, Department of Agricultural, Food and Environmental Sciences, Perugia, Italy

Introduction
The preparation and sale of minced meat and some of its fresh prepara-
tions, such as hamburgers, is a widespread commercial practice both at the 
retail level and at the restaurant one. The mincing of meat, which usually is 
made mixing lean and fat primal meat cuts, increase the surface area of lipid 
and protein directly exposed to oxygen. At the same time the cellular com-
partmentalization become less efficient as it is for the antioxidative defense 
system of the muscular cell, the various pro-oxidants factors come in direct 
contact with lipids and proteins that, in the presence of molecular oxygen, 
become more susceptible to the attack by ROS (Soladoye et al., 2015). At 
the same time there is a growing interest in the use of natural antioxidants, 
especialy for those coming from the agriculture’s by-products. Purpose of 
the present study was to test the antioxidant effect, versus protein oxidation, 
of a concentrate rich in phenols obtained from Olive Mill Wastewater (OMW) 
added to fresh minced meat prepared as hamburger.
Methods
Minced meat was prepared using beef (shoulder and belly cuts). Salt was 
added to the minced meat (0.8%) followed by a short kneading (1 min). The 
mixture was divided into 3 batches: C (Control), L1 (control + phenols 87.5 
mg/kg), L2 (control + phenols 175 mg/kg). The phenols concentrate was in 
the form of a powder (spray dry technology) in which the phenols were sus-
pended in a vehicle made of maltodextrin. Therefore, 0.35% of maltodextrin 
was added to the control batch (Maltodextrin Glucidex 19 - Roquette, France) 
whereas phenols were added to L1 and L2 batches that were kneaded for 
another 1 min each one. The forming of the hamburgers (80 g) was carried 
out using a manual device. Subsequently, the hamburgers were packaged 
on a rigid tray heat-sealed in protective atmosphere (2 pieces per tray) using 
a gas mixture containing 50% nitrogen, 20% oxygen, 30% carbon dioxide. 
The trays were randomly divided and placed in two different refrigerated 
cabinets at 4 ± 2 °C, submitted to a fluorescent light (Osram Natura De 
Luxe L36 W/76-1, Munich, Germany) from 9:00 am to 8:00 pm to simulate 
the vending conditions in a retail shop. The refrigerated cabinets used were 
the following: Costan 32020 (Costan, Limana-BL, Italy) and Majolo Plus 
100 (Majolo, Cadoneghe-PD, Italy). Hamburgers were sampled for analytical 
measures in the same day of manufacturing (day 0) and after 5 and 8 days of 
storage, half hamburger was analysed raw (three replicates for each one) the 
other half was packaged under vacuum and cooked for 20 min at 90 °C in a 

waterbath. At the end of cooking the samples were chilled under tap water 
and analysed according three replicates for each sample (it was analysed a 
total of 36 hamburgers). The determination of the content of carbonyl groups 
(nmol DNPH/mg protein) was carried out according to the method of Oliver 
et al. (1986) as modified by Zakrys et al. (2008). The determination of the con-
tent of sulfhydryl groups (nmol SH/mg protein) was carried out according to 
the method of Eymard et al. (2009) as updated by Winther and Thorpe (2014). 
To test the effect of i) phenols addition (and the level of addition), ii) days of 
storage and iii) cooking treatment, the data were submitted to the ANOVA 
test by means of IBM SPSS Statistics package (version 25).
Results
In Table 1 the analytical results of protein oxidation of hamburgers have been 
summarized. Carbonyls, were reduced by the phenols added at the lower 
level, but in the L2 batch they were even higher than control one. Sulfhydrils, 
evidenced an oxidative action of phenols according to a dose-dependent 
manner. The length of storage at 4 °C showed a progressive and significant 
protein oxidation according to free sulfhydryls reduction (from the beginning 
onwards to day 8), whereas carbonyls seemed not affected. Surprisingly, at 
day 8 the hamburgers of the batch L2 showed an inversion of the pro-oxi-
dant trend, with a reduction of the carbonyls concentration and a rise of the 
sulfhydryls compared to the data observed at day 5. Cooking had a pro-oxi-
dant effect on protein as can be seen by the significant rise of the carbonyls 
and decrease of the sulfhydryls, respectively from 7.5 to 9.5 and from 34.9 
to 21.2. A significant interaction showed that carbonyls growing more in the 
cooked hamburgers of the L2 batch than in those of the L1 batch.
Conclusion
The results observed showed that phenols of olive mill wastewater can act 
as antioxidant and as pro-oxidant toward proteins, according to their chem-
ical state in hydroxyl or quinone form respectively. The balance between the 
two-redox forms of the phenols added to meat depends by the meat species 
itself, by the oxidation state of transition metals, the contextual presence of 
other antioxidant molecules (e.g. tocopherols) or by the availability of hy-
drogen peroxide to activate myoglobin. Several analytical investigation will 
be necessary to fully understand the chemistry of OMW phenols added to 
meaty foods.
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Table 1.  
Carbonyls (nmol DNPH/mg protein) and sulfhydrils (nmol SH/mg pro-
tein) in beef hamburgers 
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Use Of Chicken Fat As A Functional Ingredient In Sausage Manufacturing (#523)

Lina Peña-Saldariaga, Estrella Sayas-Barberá, Jose Angel Pérez-Alvarez, Juana Fernández-López
Universidad MIguel Hernández, Dpto. Tecnología Agroalimentaria, Orihuela, Spain

Introduction
Colombia ranks 24th in world production of chicken meat, although it rep-
resents less than 1% of the world. In the American hemisphere ranks 8th, 
representing 2.1% of regional production. Both abdominal fat and fat from 
chicken gizzards extracted during the slaughter of poultry has been con-
sidered a co-product in the poultry industry; this fat is often used as a raw 
material in the manufacture of feed with low economic benefit or, in the worst 
case, is discarded generating an environmental impact. However, previous 
research that has evaluated the lipid profile of both gizzard fat and the ab-
dominal fat of chickens fed cereals, such as maize, sorghum and soya, has 
determined that these fats are a source of fatty acids such as palmitic acid, 
oleic acid and linoleic acid (Cahaner et al., 1986).
On the other hand, chicken meat and chicken products have become very 
popular worldwide being chicken sausages one of the most popular prod-
ucts (Barbut, 2001). So, the aim of the work was to study the application of 
chicken fat by-products in sausages formulation and to evaluate its quality.
Methods
During the development of this research, samples of abdominal fat and 
chicken gizzard, frequently eliminated as chicken processing residues, were 
used from three farms (Nirvana, La Goleta and Villa Rita) located in different 
environmental zones. Fat and fatty acids were identified and quantified by 
capillarity in the gas chromatograph (GC-2014 Gas Chromatography, SHI-
MADZU) (AOAC, 1998). This fat was used as ingredient for the elaboration of 
chicken sausages: control (commercial chicken sausages with chicken skin 
as fatty ingredient); T1: chicken sausages made substituting 50% of the fatty 
ingredient by chicken fat; T2: chicken sausages made substituting 40% of 
the fatty ingredient by chicken fat. In these sausages, texture (Texture Profile 
Analysis using a TA-XT2i, Brookfield equipment), CIELAB colour properties 
(using the X-RITE spectrocolorimeter) and sensorial analysis (ICONTEC, 
2004) were assessed.
Results
For the lipid profile of chicken fats, no statistical differences were found be-
tween farms (Table 1). Regarding chicken sausages characterization, there 
was not significant differences in the texture parameters (TPA) between 
sausages.  Sausages with 50% fat showed significant differences in light-
ness (L*), redness (a*) and yellowness (b*) respect to control sausages. 
These differences were also detected by sensory analysis. Panellist detect-
ed differences between both sausages in others important attributes such 

as odor/smell and meat flavour (Figure 1).  Sausages with 40% fat showed 
color differences, respect to control sausage, only for yellowness (b*), but 
these differences were not detected sensorially (Figure 2).
Table 1. Lipid profile of the chicken fat from the three farms studied
LIPIDIC PROFILE FARM 1

Villa Rita

FARM 2

La Goleta

FARM 3

Nirvana

STANDARD ERROR

Palmitic acid (%) 18.4 17.1 18.4 4.0

Oleic acid (%) 27.5 25.4 28.7 6.0

Linoleic acid (%) 17.2 17.1 17.3 0.6

Saturated Fat (%) 23.3 21.9 23.6 3.9

Unsaturated Fat (%) 51.2 49 52.6 3.6

Monounsaturated Fat (%) 32.9 30.6 34.1 5.4

Polyunsaturated Fat (%) 18.3 18.4 18.5 0.5

Omega-3 fatty acids 

(mg/100 g)

1107 1179 1163 3.2

Omega-6 fatty acids 

(mg/100 g)

17233 17173 17357 0.5

Omega-9 fatty acids 

(mg/100 g)

28635 26519 29897 6.0

Conclusion
The use of by-products obtained from slaughterhouses is a competitive mar-
ket advantage for functional food companies that use chicken fat as raw 
material in the formulations of sausage meat products. Thus generating a 
sustainable production cycle that allows the strengthening of each of the 
links of the agro-industrial poultry chain in Colombia, taking advantage of 
the waste produced and betting on the production of food with high nutri-
tional value, cleaner and organized in the country.
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Figure 1. 
Sensory evaluation of sausages with 50% chicken fat byproducts re-
spect to control
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Figure 2.  
Sensory evaluation of sausages with 40% chicken fat byproducts re-
spect to control 
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Enzymatic Hydrolisis of Bovine Leather Collagen for Use as Protein Supplement. (#529)

Alexandre C. Silva1, Fernanda G. Paião2, Mayka R. Pedrão1, Fabio Coro1, MRP and FC are CNPQ research fellows.
1 Federal Technological University of Parana, PPGTAL, Londrina, Brazil; 2 Northern University of Parana, Londrina, Brazil

Introduction
Increased concern with aesthetics and prevention of early degenera-
tive diseases has led consumers to seek improvement in eating habits. 
Hydrolyzed collagen has been used as a dietary supplement in order to 
suppress collagen loss that occurs with age and has been used for ther-
apeutic purposes, improving blood circulation, reducing joint problems 
and reducing gastrointestinal ulcers (Kim et al. 2005). Collagen in its na-
tive form has low absorption by the human organism, being a polypeptide 
chain protein long and high molecular weight. To obtain an easily absorbed 
product it is necessary to hydrolyse the collagen using different enzymes 
and physical treatments (Zhang et al., 2014). Collagen is obtained from a 
variety of sources, such as fish hide, chicken skin, cowhide among oth-
ers (SHIGEMURA et al., 2014). Brazil is the 4th largest producer of bovine 
leather in the world (FAO, 2008). The bovine leather scrap presents an eas-
ily obtainable raw material, since it is a co-product of the tanning industry. 
In this context, the present work aimed to hydrolyze enzymatically the col-
lagen obtained from bovine leather scrap in small peptide fractions of easy 
absorption and to evaluate among the different enzymes used, which is the 
most efficient for this hydrolysis.
Methods
For the hydrolysis of the collagen, 6 different enzymes: alcalase, neutrase, 
papain, trypsin, collagenase and pepsin were used. They were added at con-
centrations of 0.5 and 1% on the dry weight of the substrate (type I collagen) 
and incubated under agitation for three different times, (1, 2 and 4h) followed 
by lyophilization. To determine the molecular masses, proteins electrophore-
sis in gel of polyacrylamide and sodium duodenum sulfate (SDS-PAGE) was 
performed as described by Laemmli (1970).
Results
The treatments with the 6 different enzymes were divided into three groups: 
high, medium and low molecular weight. The enzymes collagenase and 
pepsin produced high molecular weight peptide fractions, regardless of the 
enzyme concentration and the time of treatment, these enzymes produced 
fractions ranging from 235 to 5.6 kDa for collagenase and between  235 to 
40kDa for pepsin. Neutrase and trypsin enzymes were classified as medium 
molecular weight, where the best treatments were the most drastic with 1% 
E / S for 4 hours incubation, where strong and visible bands between 14 
and 50 kDa were produced with neutrase, and bands between 5.6 and 70 
kDa with trypsin. In the treatments with neutrase it was possible to observe 

that with an increase of the treatment time and enzyme concentration with 
a better visualization of the bands and less drag in the gel was observed. 
The trypsin enzyme produced a large fractionation range, but at lower con-
centrations did not hydrolyze the collagen completely, and for all treatments, 
gel was formed after cooling, as also observed by Zhang et al. (2014).The 
enzymes papain and alcalase has produced peptide fractions with low mo-
lecular weight when compared to the previous enzymes, none of the treat-
ments formed a band above 50 kDa but both had different characteristics. In 
the treatments with papain it was possible to observe a large drag on the gel 
bands. The fractionation intervals decreased with increasing concentration 
and treatment time. The alcalase enzyme proved to be very efficient from the 
moment of incubation, in which in only 10 minutes, it was no longer possible 
to observe the presence of solid particles and the solution after cooling did 
not form gel. Zhang et al. (2014) hydrolyzed collagen using several enzymes, 
and in hydrolysis with alcalase, thery observed a phenomenon similar to this 
work. Alcalase treatment produced the best fractionation between 5,6 and 
15 kDa, and it was more stable producing similar fractions in all treatments.
Alcalase treatments formed clearer and more visible bands, Figure 1(A) 
shows that in 1% E/S (Enzyme/Substrate) concentration there was no visi-
ble difference, and that 0.5% E/S for 4 hours it was equal to the treatments 
with 1% E/S. The comparison gel in Figure 1 (B) was produced with the treat-
ments of each enzyme with 1% E/S for 4 hours. The treatment with pepsin 
was not included due to its high molecular weight. In the comparing gel, the 
treatments were applied in decreasing order of size of the fragments formed, 
in this gel it is possible to observe the large drag formed by the papain with-
out a well defined band, and all the bands formed by the other treatments.
Conclusion
It was concluded that the alcalase enzyme was the most efficient and stable 
in the collagen hydrolysis of bovine leather, producing peptide fractions of 
less than 25 kDa. Therefore this enzyme shows promise for the production of 
hydrolyzed collagen and for application in the food and cosmetic industries.
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Figure 1 
A). Gel electrophoresis, alcalase treatment. (1) molecular weight 
marker, (2, 3 and 4) 0.5% E/S for 1, 2 and 4h respectively, (5, 6 
and 7) 1% E/S for 1, 2 and 4h respectively. (B) Comparison gel be-
tween the treatments of collagen hydrolysis of bovine scrap with 
different enzymes. (1) molecular weight marker, (2) collagenase, (3) 
trypsin, (4) neutrase, (5) papain and (6) alcalase.
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Processing Of Beef Lungs As A Nutritious Protein Supplement And Evaluate The Processing Effect On In Vitro Di-
gestibility (#604)

Sasika R. Jayawardena1, James D. Morton1, Charles S. Brennan1, Zuhaib F. Bhat1, Alaa El-Din A. Bekhit2

1 LIncoln University, Department of Wine Food and Molecular Biosciences, Lincoln, New Zealand; 2 Otago University, Department of Food Science, Dunedin, New Zealand

Introduction
The countries with highest meat production often have a low demand for 
co-products while other parts of the world suffer from protein deficiency. 
Beef lungs are an underutilised co-product of the meat industry that has 
enormous potential as a protein supplement. The objective of this research 
is to evaluate the processing potential of beef lungs as a nutritious protein 
supplement and study the processing effect on in vitro protein digestibility.
Methods
Beef lungs without trachea were provided by a New Zealand meat proces-
sor. Beef lungs were minced and dried using an air oven drier at different 
time-temperature combinations viz. 50 ̊ C for 23 hours, 70˚C for 10 hours and 
100˚C for 6 hours to prepare a beef lung powder (BLP). Beef lung powder 
nutritional value and protein digestion kinetics were evaluated during in vitro 
gastrointestinal digestion according to [2]. The amino acid profile of dried 
beef lung powders and in vitro digesta were analysed by HPLC to calculate 
essential and nonessential amino acid portions. Protein profiles of raw and 
dried beef lung powder were observed with SDS‐PAGE. Mineral profile of 
the BLP or digesta was determined by Inductively Coupled Plasma Optical 
Emission Spectrophotometry. Data was analysed by using one-way ANOVA 
with Tukey’s comparison test for pairwise comparison of means.
Results
BLP had a protein content of 87% (dry weight basis), and ideal indispensable 
amino acid score, similar to previous results [1]. The amino acid profile of 
BLP did not change with drying temperature, however, a significant (P<0.05) 
decrease was observed in the release of free amino acids during in vitro gas-
trointestinal digestion as drying temperature increased (Table 1). Release of 
Cu, Fe, and S during in vitro gastrointestinal digestion also decreased with an 
increase in drying temperature (Table 1) but other minerals were not affect-
ed by the drying temperature (data not shown). These minerals are closely 
associated with the proteins and may be trapped within denatured proteins.
In vitro protein digestibility of beef lung powder also decreased significantly 
with increasing temperature (96.4±0.1 %, 95.9±0.6 %, 95.6 ±0.4 % at 50 ˚C, 
70˚C and 100˚C, respectively). This may be due to changes in the three-di-
mensional structure of proteins with high temperature which may reduce 
access by the digestive proteases. These changes in the protein profile of 
raw and dried beef lungs are illustrated in Figure 1. The protein profile of 
beef lungs was completely different from the pattern of muscle protein and 

protein bands at10 and 67 kDa were prominent in raw beef lungs. The 10 
kDa protein band appeared to be heat labile and was completely lost at high 
temperatures. Based on these results it can be concluded that low tempera-
ture drying produced a better-quality beef lung powder as it released more 
nutrients during gastrointestinal digestion.
Conclusion
Beef lungs have the potential of being processed into a powdered lung 
stock. The nutritional quality of the beef lungs is by preserved at low dry-
ing temperature. The microbiological quality is currently being investigated.
References
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Figure1:  
Protein profile (1D-SDS-PAGE) of raw beef lungs and dried beef lung 
powder at 50 ˚C, 70 ˚C 
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Table 1:  
Amino acids and mineral comparison within the beef lung powder and 
in vitro digestion
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Meat Hybrid: Development of Environmentally Friendly Meat Balls (#618)

Marie-Christin Baune1, Anna-Lena Jeske1, Markus Baron1, Volker Heinz1, Jochen Weiss2, Nino Terjung1
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Introduction
Currently, 26 % of ice-free terrestrial surface is used as agricultural land of 
which approximately 80 % is used as cropland or grazing land for livestock 
breeding [Steinfeld et al. 2019]. The worldwide meat production is growing 
– it is expected to reach 465 million tons until 2050 [Osen et al. 2014, FAO 
2019]. Regarding increasing world population and environment, agriculture 
needs to be rethought to find more efficient and sustainable ways to meet the 
future meat demand. One way is the incorporation of high-quality vegetable 
proteins into meat products which simultaneously increases eco friendliness 
and brings additional health benefits. Due to use of incompatible or unstruc-
tured proteins, which reduce taste and mouth feel of the products, and the 
assumption of consumers that hybrid products are of lower quality and serve 
to lower the raw material costs, they failed on the market in the past. Though, 
hybrid products can be of higher quality, e. g. if amino acid profiles are well 
balanced. We hypothesized that there are formulation and process condi-
tions under which hybrid products, more precisely hybrid meat balls, can be 
developed that meet consumer expectations and deliver high value in terms 
of sustainability, health and organoleptic properties. To test this hypothe-
sis techno-functional properties of various vegetable protein products were 
screened, selected proteins were texturized via high-moisture extrusion and 
technical boundaries of hybrid meat balls were defined.
Methods
Pea protein isolate, pumpkin and sunflower flour were extruded with twin 
screw extruder ZSK 27MV Plus (Coperion GmbH, DE), cooling dye FKD-750 
(DIL e.V., DE), and chemical composition was analyzed. Chopping effective-
ness of meat grinder and bowl chopper was tested. Finally, textures were 
bowl chopped coarsely (particle size approx. 3 – 5 mm). Hybrid products 
were produced according to a standard procedure, with exchange of 30 – 
60 % meat protein with simultaneous adaption of water, fat and salt content. 
Cohesiveness and firmness of raw mixtures was determined six times with 
texture analyzer TA-XT2 (Stable Micro Systems, UK) with 37 g load at 18 
°C, using a 40 mm pistil with penetration depth of 5 mm and penetration 
speed of 0.5 mm/s. Handling, water and material loss was monitored over 
the whole process and compared to pure meat products. Significant chang-
es were determined using ANOVA on ranks with Dunnett’s test.
Results
Composition of six high moisture extrudates (HME) was analyzed. Highest 
protein content was shown for PUMPKIN-1, followed by PEA-1, PEA-2 and 

PUMPKIN-2. SUNFLOWER and PUMPKIN-3 HME had the lowest pro-
tein and highest water content and were much firmer. The latter were only 
pressed through the punched-disk of a meat grinder instead of being cut 
by the knife (Fig. 1). Hence, bowl chopping was used as standard method 
for grinding. During manufacture of hybrid products, the water, protein, fat 
and salt amount of the hybrid products was always adapted to the stan-
dard resulting in more fluid masses the higher the degree of substitution. 
Since cohesiveness of the raw mixtures plays an important role during the 
forming process of meat balls, pull force and maximum pressure resistance 
(firmness) were analyzed by texture analyzer to determine technical bound-
aries. The achieved results, especially for pull force (cohesiveness), were 
quite fluctuating (Fig. 2), which might be explained by the coarse ingredients 
and thus inhomogeneous raw materials. The problem was reported before 
by Lyon et al. [1980], who stated that cohesiveness was not an appropriate 
parameter to state about different burger patty mixes. Firmness of hybrid 
raw materials was significantly lower than of control and confirmed the ob-
servation that cooked meat balls were not as compact as pure meat balls 
(Fig. 3, 60 % substitution compared to control). However, this was not judged 
negatively in a first sensory tasting and described as more fluffy consistency. 
As measured cohesiveness was hardly interpretable and did not reflect the 
real behavior of the raw masses, e. g. in case of raw masses containing 60 % 
PUMPKIN-2, which achieved same results than pure meat but were much 
more fluid (compare Fig. 2 and Fig. 3), handling of the raw materials was mon-
itored over the whole process. Results indicated, that at 60 % substitution all 
hybrid raw materials lost significantly more material during processing than 
control (approx. 0.5 – 1.0 g). In addition, raw material, containing PEA-1 HME 
lost significantly more material than other raw materials during the forming 
process, independent from the degree of substitution. First sensorial tests 
indicated that all meat balls, even at 60 % substitution, were edible. Taste will 
be defined more detailed using a sensory panel.
Conclusion
Technical boundaries were hardly measurable but observations during han-
dling of raw materials can be used to define a maximum substitution de-
gree of 30 to 50 %, depending on the protein. Owing are production-related 
boundaries as water loss, color, freeze-thaw stability or texture of cooked 
product, sensorial analyses, quantitative market research and life cycle as-
sessment to define consumer-related boundaries which are to be incorpo-
rated in the development process.
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Figure 1, Grinding test of high moisture extrudates with different de-
vices.  
High moisture extrudates from PEA-1, SUNFLOWER and PUMPKIN-3 were 
chopped either with a meat grinder using a 10 mm punched disked (up-
per row), or with a bowl chopper (lower row). 
 

 
Figure 3, Meat balls of control (100 % meat) and meat substituted with 
40 to 60 % PEA-1 or PUMPKIN-2 
Left, Formed, raw meat balls without (control) and with 40 to 60 % 
substitution. Right, cooked meat balls with 60 % meat protein sub-
stitution (left) compared to the control (right).



Notes

65th International 
Congress of Meat Science 
and Technology

897

Book of Abstracts | Thursday 08 August, 2019 | Postersession and Discussion

 
Figure 2, Texture analyses of meat ball raw materials with substitution 
of 0 (control) or 30 to 60 % 
Left, the pull force of the pistil in newton (N) allows to state 
about the cohesiveness of the raw materials - the more cohesive the 
material, the higher the pull force. Right, the firmness in Pa is 
given as the maximum resistance of the raw material to the pistil.
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Animal Sourced Foods Role in Sustainable Nutritio (#662)

Greg Thoma
College for Engineering, Department of Chemical Engineering, Fayetteville, US

Short Abstract
Introduction
Amid growing concern regarding the food system that will be needed to sup-
port the estimated 10 billion people in 2050 are calls to reduce or eliminate 
animal sourced foods from human diets. This presentation will introduce a 
framework for evaluation and discuss remaining knowledge gaps regarding 
the role of ASF in sustainable food systems that provide nutritious diets.
Despite the green revolution and consequent increase in crop yields, micro-
nutrient deficiencies are still problematic, particularly in developing regions: 
Zn deficiency (stunting) or Se (immune function). Even in developed regions, 
some subgroups are at risk for iron deficiency (teen girls) and older adults 
are subject to calcium and bone health issues (women in particular), or vita-
min D (pregnant women). ASF are rich in micronutrients and are known to 
successfully ameliorate many of these issues.
Methods
Lifecycle assessment (LCA) is a systems framework to provide an account-
ing of environmental and sustainability characteristics of production sys-
tems. It is based on the ISO 14040/4 series of standards and consists of 
4 iterative phases: goal and scope definition; lifecycle inventory collection; 
lifecycle impact assessment; and interpretation. LCA is used to evaluate full 
supply chains across a range of environmental metrics (climate change, eu-
trophication, human and ecosystem health, water and resource depletion, 
etc.). Lifecycle assessment can be used for product development, identifi-
cation of environmental hotspots, improvement opportunities, and setting 
benchmarks against which future progress can be assessed. LCA has an 
explicit goal the identification of tradeoffs in complex systems, including 
tradeoffs between stages in the supply chain and tradeoffs across environ-
mental dimensions (e.g., reducing water use at the expense of increased 
carbon emission).
There are emerging areas in LCA that include geospatial specificity, efforts 
to quantify impact of agricultural production systems on ecosystem ser-
vices, including biodiversity, and incorporation of nutritional benefits/costs 
of the consumption of various foods and diets. In addition, there is an ongo-
ing re-evaluation of the role of biogenic methane in climate change. The use 
of Global Warming Potential, based on IPCC guidance documents, to estab-
lish the impact of biogenic methane has been criticized based on the short-
term dynamics of the carbon cycle. The fundamental argument is that due 
to its relatively short atmospheric lifetime that the most relevant metric of 

biogenic methane contribution to climate change is the concentration in the 
atmosphere, and if the concentration is stable, the implication is that there 
is no additional effect arising from continued biogenic methane emissions.
Results
White and Hall (2017) report that in the US animal source foods provide 24% 
of energy, 48% of protein approximately 50% of the essential amino acids 
and essential fatty acids as well as the micronutrients. They simulated a cli-
ent-only agricultural sector which produced 23% more food but fewer of the 
populations requirements for essential nutrients which led to diets higher in 
calories due to generally lower nutrient density per calorie from plant foods. 
In an unpublished study using a hybrid lifecycle assessment technique, it 
was shown that while vegetarian diets resulted in generally lower environ-
mental impacts across several categories (figure 1), that the US non-vege-
tarian recommended dietary guidelines led to increases for many categories. 
This is driven by the increased consumption of less calorically dense foods 
and changes in the patterns of food loss and waste.
Ongoing studies of US beef production systems are providing insight into 
factors behind the variability in sustainability driven by practice and loca-
tion. One management practice receiving attention is Adaptively Managed 
Paddocks which is a system where beef cattle are stocked at extremely high 
densities (100,000 + kg/ha) for very short periods (hours). The paddock is 
typically visited once a year or less and the intense grazing stimulates root 
growth leading to substantial carbon sequestration (Rountree et al., 2016). 
Sequestration estimates (low, medium, and high) were combined, post-hoc, 
with process model simulations of cow calf finishing operations in the US. 
One system used conventional grain finishing and the other used grass fin-
ishing. The potential mitigation of GHG emissions from the potential seques-
tration is significant (figure 2).
Conclusions
Full assessment of the role of ASF in healthy diets from sustainable food 
systems requires a full understanding of the benefits and costs of alterna-
tives and informed decisions based on understanding of tradeoffs – marginal 
vs. arable land use; social and economic benefits of wealth management 
through livestock, upcycling of protein quality (both marginal land and by-
products of biofuels and non-edible organic material such as citrus pulp, 
almond hulls, etc.)
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Figure 1 
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Figure 2 
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Red meat-derived endogenously formed N-nitroso compounds and colon cancer (#41)

Pablo Steinberg
Max Rubner-Institut, Karlsruhe, Germany

Short Abstract
Introduction
In Germany, around a half million cancer cases per year are newly diag-
nosed. Colorectal cancer is the second most frequent cancer type in women 
and the third most frequent cancer type in men. Although the methods to de-
tect colorectal cancer have strongly improved in the last ten years, the num-
ber of newly diagnosed colorectal cancer cases and the number of colorec-
tal cancer-associated death cases have remained quite constant or slightly 
decreased in the last 20 years in Germany. Risk factors contributing to the 
development of colorectal cancer are, among others, a fiber-poor, fat-rich 
diet (including a high amount of red meat), a high consumption of alcoholic 
beverages, smoking, a genetic predisposition, chronic inflammatory bowel 
disease and low physical activity. The available epidemiological evidence 
led the International Agency for Research on Cancer (IARC) in Lyon, France, 
to conclude that the consumption of red meat is probably carcinogenic to 
humans (i.e. IARC Group 2A) and the consumption of processed meat is 
carcinogenic to humans (i.e. IARC group 1). The consumption of red meat 
leads to the formation of nitroso compounds in the human gut, and it has 
been postulated that endogenously formed nitroso compounds might con-
tribute to the development of colorectal carcinomas. In the present lecture, 
the evidence for the above-mentioned hypothesis as well as recent data on 
the DNA damaging and cell transforming activity of nitrosyl heme, one of the 
main endogenously formed nitroso compounds, will be presented.
Results
The consumption of red meat is known to stimulate the formation of nitroso 
compounds in the gut of volunteers [1] and the amount of endogenously 
formed nitroso compounds depends on the amount of ingested red meat, i.e. 
it increases “dose”-dependently [2, 3]. It has been postulated that these en-
dogenously formed nitroso compounds can lead to the alkylation of guanine 
at the O6-position, resulting in the formation of the pro-mutagenic DNA le-
sions O6-methylguanine and O6-carboxymethylguanine [4]. In fact, Lewin et 
al. [4] showed that O6-carboxymethylguanine adducts were detected in ex-
foliated cells present in faeces of volunteers having consumed a high amount 
of red meat and that the amount of fecal nitroso compounds correlated pos-
itively with the percentage of cells staining positive for O6-carboxymethyl-
guanine. At that time, Lewin et al. [4] hypothesized that O6-carboxymethyl-
guanine adducts were not repaired, and that the formation of these adducts, 
along with other related and potentially not repaired adducts, could lead to 

gene mutations and, subsequently, to the development of colorectal cancer, 
i.e. a cascade of molecular events that could explain the association of red 
meat consumption with the development of colorectal cancer.
More recently, the DNA damaging potential of nitrosyl heme, a lead com-
pound among the endogenously formed nitroso compounds in which a 
NO group is bound to the iron atom in the heme molecule, and hematin, 
the heme molecule in which an hydroxyl group is bound to the iron atom, 
were compared in the Comet assay. Hematin and nitrosyl heme led to a 
concentration-dependent increase in the tail intensity of the comets formed, 
whereby hematin proved to be more potent than nitrosyl heme. The ability of 
nitrosyl heme and hematin to induce gene mutations was analyzed in the hy-
poxanthine-guanine phosphoribosyl transferase assay. The assay revealed 
that both compounds were mutagenic, but only nitrosyl heme lead to a sta-
tistically significant increase in the number of induced mutations. The cell 
transforming activity of nitrosyl heme and hematin was tested in the BALB/c 
3T3 cell transformation assay: Only hematin led to a concentration-depen-
dent increase in the number of transformed cell foci.
Conclusion
Earlier studies clearly showed that: 1) nitroso compounds were formed in 
a concentration-dependent manner in the gut when red meat was con-
sumed by volunteers; 2) nitroso compounds led to the formation of O6-car-
boxymethylguanine adducts in exfoliated cells present in faeces of these 
volunteers; 3) the amount of fecal nitroso compounds correlated positively 
with the percentage of cells staining positive for O6-carboxymethylguanine. 
Very recent mechanistic experiments revealed that hematin and nitrosyl 
heme, one of the lead compounds among the endogenously formed nitroso 
compounds, possess genotoxic potential, whereby only hematin led to the 
malignant transformation of cells in an internationally validated assay. Taken 
together, these results suggest that the heme molecule present in red meat 
could contribute to the development of colorectal cancer in humans and the 
iron moiety in the heme molecule plays a critical role in the malignant cell 
transformation process. Based on the pesented results and in accordance 
with the German Nutrition Society, it is recommended that the consumption 
of red meat and meat products is limited to an amount of 600 g per week.
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Metabolomics in food, diet and health research (#644)

Hannelore Daniel
Technische Universität München, Nutrition Physiology, Freising, Germany

Short Abstract
Metabolomics describes the comprehensive profiling (and/or quantification) 
of low molecular compounds in a biological sample and is used in almost all 
fields of the life sciences but also for assessment of food authenticity (origin). 
Advancements in NMR- or chromatography-coupled mass-analysis tech-
niques provide constantly improved sensitivity and larger metabolite pan-
els. In addition, new databases for annotation and identification of formerly 
unknown metabolites are created. With this toolbox of metabolomicsthe life, 
nutrition and food sciences “return to the roots” by studying again metabolic 
processes and pathways. Seemingly unlimited for analysing food samples, 
there are not yet too many examples for meat and derived products showing 
the reward of the technology. Some more examples can be found for plant-
based foods which by nature of the plant contain usually a large number of 
secondary plant metabolites. Those are very characteristic and can be used in 
human studies for demonstration that a certain food item has been consumed. 
Yet, here come individual metabolic processes into play which in phase I and 
phase II and by the activity of the gut microbiota generate a diverse spectrum 
of metabolites from the plant constituents which are finally excreted in urine 
and/or feces. Metabolomics applications in humans are more challenging by 
the limited availability of bio-samples usually restricted to body fluids, blood 
cells or a tiny quantity of biopsy material. Most available studies in humans 
use metabolomics as a diagnostic tool with changes in the concentrations of 
individual metabolites or metabolite ratios as discriminants for health or dis-
ease. However, what is essentially not known is what determines the plasma 
and urinary metabolome and its dynamic changes and how this relates to 
individual organs and cell types which all have a distinct metabolite pattern 
with intracellular concentrations exceeding those in plasma frequently up to 
200-fold. One of the applications in human studies is the identification of spe-
cific metabolites derived from the consumption of given food items. These 
new methods are considered as very helpful based on the lack of proper food 
intake assessment methods which currently rely mostly on food frequency 
questioners. If metabolite quantification would allow to assess in quantitative 
terms the amount of a food item consumed a new level of nutrition research for 
population studies would be reached. I shall demonstrate the state of art and 
use examples from consumption of chicken meat and beef with the identifica-
tion of distinct metabolite markers and kinetic analysis thereof.
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Environmental impacts of meat production (#37)

Thomas Nemecek
Agroscope, Zürich, Switzerland

Short Abstract
Introduction
The global food production is a major source for environmental impacts. It oc-
cupies 38% of the ice- and desert-free land, causes 26% of greenhouse gas 
(GHG) emissions, 32% of terres-trial acidification, 61% of freshwater with-
drawals, and 78% of eutrophication. Within the food sector, animal-sourced 
food cause 83% of land use, 58% of climate change (36% of meat alone), 
56% of terrestrial acidification, 57% of eutrophication and 37% of freshwater 
use.
Methods
The environmental impacts of food are analysed by environmental life cycle 
assessment. The method is characterised by i) the consideration of mul-
tiple environmental impacts, ii) the in-clusion of the life cycle from the ex-
traction to the resources to the disposal of the waste (cra-dle-to-grave), and 
iii) relating the environmental impacts to a reference, a so-called functional 
unit. This presentation refers mainly to a meta-analysis, calculating five har-
monised environ-mental impact indicators (land use, freshwater withdraw-
als (andscarcity-weighted freshwater withdrawals), global warming (climate 
change), terrestrial acidification and eutrophication).
Results
The environmental impacts of different meat production systems worldwide 
show high vari-ance. For the same product, the best 10% of meat producers 
have 4x less greenhouse gas emis-sions than the worst 10%. These findings 
indicate a large optimisation potential, even if part of the variability is de-
termined by natural conditions. The distributions of the impacts are highly 
skewed; 43% of the climate change impacts are caused by 25% of the pro-
ducers. The analysis showed that different producers require different ways 
to reduce their impacts; no universal solutions exist. Trade-offs between en-
vironmental impacts are frequent. To define a mitigation strategy, a detailed 
analysis of each production system in its context is therefore indispensable.
Large differences exist between different categories of meat. Meat from ru-
minants (beef, lamb, mutton) generally has the highest impacts, followed by 
pork; the lowest impacts are ob-served for poultry meat. The environmen-
tal impacts are related to the feed conversion ratio, which depends on the 
fattening duration. Furthermore, ruminants produce the strong green-house 
gas methane during enteric fermentation. On the other hand, ruminants can 
use feed sources not suited for human nutrition and agricultural areas, which 
are not suitable for grow-ing food crops. In the areas where no food crops 

can be grown, dairy production is generally more efficient than beef; beef 
and dairy production should therefore be analysed simultane-ously. Beef 
from beef herds has higher land use and greenhouse gas emissions, but 
lower wa-ter scarcity than beef from dairy herds. On the one hand, in beef 
herds all impacts are allocat-ed to meat. In the dairy system, calves are a 
co-product of milk and most of the impacts are allocated to milk. On the 
other hand, beef herds are often held in extensive pasture systems, with pre-
dominantly grass-based feeding, while beef cattle from dairy herds often are 
fattened more intensively with higher use of concentrate feed.
Organic and animal friendly production systems tend to have slower growth 
and therefore longer fattening periods, often resulting in lower feed conver-
sion efficiency. Animal friendly housing systems tend to have higher N emis-
sions. Organic farming is characterised by 20-25% lower yields of feed crops 
on average, but also by lower use of pesticides and mineral fertilis-ers, which 
has favourable effects on ecotoxicity and natural resource use.
Three factors drive the environmental impacts of meat: the design of the pro-
duction system (e.g. dairy beef vs. suckler cow system), its efficiency (mainly 
the feed conversion ratio), and the composition of the feed ration.
Looking at the whole supply chain, the environmental impacts of meat are 
largely dominated by the agricultural production; the contribution of the 
post-farm processes like slaughtering, transport, storage, packaging and 
retail is generally low. The ratio of retail weight to live weight is a key fig-
ure determining the environmental impacts per kg of meat. The production 
system is more relevant than the origin of meat (domestic production or im-
ports), with the exception of transports by air freight and meat coming from 
deforested areas.
Consumers can reduce their impacts by choosing meat from producers with 
lower impacts, and by reducing their meat consumption. The combination 
of both options offers marked syn-ergies. Reducing the consumption of an-
imal-based products by 50%, while simultaneously avoiding producers with 
high impacts, would reduce the global environmental impacts of the food 
sector by about one third. An optimisation study for Switzerland showed 
that environ-mental impacts of food can be even reduced by over 50%; meat 
consumption would drop by  70%.
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Conclusions
Meat production has comparatively high and highly variable impacts. Chang-
es in production and consumption offer manifold opportunities to reduce the 
impacts. The solutions depend on the production system and its context, a 

specific and detailed analysis is therefore required.
Consumers can mitigate environmental impacts by reducing their meat con-
sumption and by avoiding products with high environmental impacts. To 
achieve these improvements, better information on the environmental im-
pacts must be made available and communicated along the value chain.
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