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Summary 

After an outline of the objectives of this thesis (chapter 1), a profound literature overview of 

seafood spoilage and quality analysis techniques in general is given in chapter 2. Several 

aspects of spoilage are described from rigor mortis, autolysis and microbial changes to 

biochemical changes under aerobic conditions. Also the different ways of assessing the 

quality of seafood by sensorial, microbiological, biochemical or physical evaluation in the 

industry is briefly described. 

Since seafood spoilage is mainly caused by microbial growth and activity it’s important to 

detect a profound view of the microbiota present on seafood. Therefore, the first part (Part I) 

of this thesis consists of a profound investigation and evaluation of the traditional detection 

techniques.  

It is known that total count analysis on various general media gave different results 

concerning the total aerobic psychrothropic counts. To this end, the microbial community on 

eleven fish species during storage on ice was analysed through several plating methods and 

identified and compared through molecular techniques. In chapter 3, several methods, 

traditional and molecular, confirmed that on plate count agar the enumeration of the 

microbiota was much lower and revealed that many microorganisms were not detected. 

However, a generalization as described in literature that total counts on plate count agar are 

approximately one log lower than on marine media could not be made. The difference in 

counts on various media depended on the fish species and therefore the present microbiota. 

Partial 16S rRNA gene and gyrB gene sequencing identified members of the genera 

Photobacterium, Shewanella, Vibrio, Aliivibrio, Pseudoalteromonas, Psychrobacter, 

Brochothrix, Flavobacterium, Acinetobacter, Pseudomonas and Janthinobacterium as not 

growing on one of the media studied. This study therefore provides further evidence that plate 

count agar, an official ISO method, is not the most suitable growth medium for fish analysis 

and fish spoilage quality. Especially since some well-known specific spoilage organisms such 

as Photobacterium phosphoreum, Shewanella baltica and Pseudomonas fluorescens are 

unable to grow on it. Marine media such as Long and Hammer agar and marine agar seemed 

to obtain the best quantitative and qualitative results for fish quality analysis during this study, 

however also these media have restrictions. 
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The second part of this thesis, divided in part II and part III, consists of the implementation of 

the optimized techniques in order to identify and characterise the dominant microbiota of two 

typical Belgian fishery products, namely brown shrimp (Crangon crangon) and ray (Raja sp.). 

Since previous research revealed that not the total number of microbiota on fish is responsible 

for fish spoilage, but rather only a small fraction of the microorganisms, the “specific spoilage 

organisms” or SSOs it’s important that those microorganisms are detected and identified in 

order to be able to determine the seafood quality and remaining shelf life. These SSOs are 

seafood specific and are responsible for the production of volatile organic compounds (VOCs) 

associated with spoilage. 

In Part II the dominant microbiota of brown shrimp (chapter 4) and their spoilage potential 

(chapter 5) is studied.  

In chapter 4, the dominant microbiota of brown shrimp (Crangon crangon) without 

preservatives were identified during storage under different conditions. Therefore freshly 

caught shrimp were caught and processed on board under the best possible hygienic 

conditions. These shrimp were unpeeled and manually (sterile) peeled and stored on ice and at 

7.5°C until microbiologically spoiled. The results were then compared with industrially 

processed shrimp without preservatives. However the microbiota differed somewhat during 

storage and among the various storage conditions; members of the genera Psychrobacter and 

Pseudoalteromonas were found to dominate the microbiota of all shrimp samples regardless 

of processing procedures or storage conditions. Identification via partial and nearly full 16S 

rRNA gene sequencing resulted for both genera in species complexes. GyrB gene sequencing 

however, was able to identify more isolates to species level. Psychrobacter immobilis, 

Psychrobacter cibarius, Pseudoalteromonas nigrifaciens, Pseudoalteromonas elyakovii and 

Pseudoalteromonas paragorgicola were found to dominate the microbiota of brown shrimp 

during storage. Also species from the genera Planococcus, Exiguobacterium, 

Carnobacterium, Pseudomonas, Chryseobacterium and Staphylococcus were detected in 

lower numbers during storage of brown shrimp. 

Also a culture-dependent and culture-independent DGGE analysis was performed resulting in 

different results in band patterns between both methods. Both methods are therefore 

interesting to compare in order to accurately identify the microbiota and bacterial population 

shifts on seafood during storage.  
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Chapter 5 deals with the spoilage potential of the isolates detected in chapter 4. The spoilage 

potential of Psychrobacter cibarius, Psychrobacter maritimus, Pseudoalteromonas elyakovii, 

Pseudoalteromonas paragorgicola and Pseudoalteromonas nigrifaciens was determined and 

quantified in this study based on the presence of volatile organic compounds (VOCs). These 

isolates were inoculated as pure cultures on heat-sterilised shrimp. The inoculated samples 

were stored at 4°C and the production of VOCs by the pure strains on the shrimp matrix was 

identified via gas chromatography coupled to mass spectrometry (GC-MS). VOC production 

was quantified daily by selected ion flow tube mass spectrometry (SIFT-MS) until the 

bacterial count exceeded 10
8
-10

9
 cfu/g. The sensory profile of Psychrobacter species revealed 

very low spoilage potential as measured by the production of VOCs. However, these species 

may nevertheless contribute to spoilage; based on the API ZYM test, a way to observe the 

species’ enzymatic capacity to contribute to spoilage by degrading lipids, amino acids and 

proteins, Pseudoalteromonas as well as Psychrobacter species might enhance spoilage by 

breaking down lipids and hydrolysing amino acids and proteins. Pseudoalteromonas species, 

especially Psa. elyakovii and Psa. nigrifaciens, do have a high spoilage potential, however, 

and might be responsible for some off-odours produced during spoilage of brown shrimp. 

These isolates produced significant amounts of volatile compounds such as sulphides, 

acetone, ammonia, ethanol, etc., which are all involved in seafood spoilage.  

Part III describes the dominant microbiota of ray and their spoilage potential.  

The dominant microbiota of ray, an elasmobranch fish known for its fast deterioration due to 

the conversion of ureum to ammonia, was identified during storage on ice in chapter 6. 

Isolates grown on various media were identified by partial 16S rRNA, gyrB and rpoB gene 

sequencing. Microbial shifts were observed during storage from the initial microbiota (e.g. 

Arthrobacter, Flavobacterium, Pseudomonas) to a dominance of members of the genera 

Pseudomonas and Psychrobacter at the end of storage time. Most isolates could be identified 

by rpoB (Pseudomonas spp.) or gyrB gene sequencing as Pseudomonas fluorescens, 

Pseudomonas fragi, Pseudomonas psychrophila, Psychrobacter cibarius, Psychrobacter 

cryohalolentis, Psychrobacter glacincola and Psychrobacter immobilis. Different storage 

conditions e.g. late gutting, resulted in the presence of other species in large numbers such as 

Pseudoalteromonas spp., Shewanella putrefaciens and Staphylococcus spp.  
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Subsequently, also the spoilage potential of six selected isolates (Flavobacterium tegetincola, 

Pseudomonas fluorescens, Pseudomonas psychrophila, Psychrobacter cibarius, 

Psychrobacter cryohalolentis and Shewanella frigidimarina) was determined and quantified 

based on the presence of VOCs as performed for brown shrimp in chapter 5. Additionally, 

API ZYM and urease analyses determined the species’ enzymatic capacity to contribute to 

spoilage by degrading lipids, amino acids and proteins and breaking down ureum to ammonia. 

The isolates were inoculated as pure cultures on gamma-sterilised ray, were stored at 4°C and 

the VOC production was determined daily by GC-MS and SIFT-MS analyses. The obtained 

profile of the selected species revealed that especially Psychrobacter cibarius and 

Pseudomonas psychrophila were able to produce higher concentrations of VOCs and might 

be responsible for the off-odours produced during spoilage of ray. 

In the last chapter the general conclusions, recommendations and perspectives were 

discussed. The limitations of the techniques were debated and possible solutions were 

provided for further research. Also the SSOs of brown shrimp and ray were discussed with an 

emphasis on how further research is necessary and how those SSOs can be eliminated in order 

to ameliorate shelf life.  


