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CF: crude fibre 

cfu g-1: colony forming units per gram 

CP: crude protein 

d: days 

D: potentially rumen degradable fraction 

DM: dry matter 

DVE: (Darm Verteerbaar Eiwit) true protein digested in the small intestine 

FE: ferulate esterase 

FM: fresh matter 

FNDF: rumen fermentable NDF  

FOM: rumen fermentable OM  

FP: fermentation products 

FPCM: Fat Protein Corrected Milk 

GS: grass silage 

kd: degradation rate of D 

L: litre 

LAB: Lactic Acid Bacteria 

MS: maize silage 

NDF: Neutral Detergent Fibre 

OEB: (Onbestendige Eiwit Balans) rumen degraded protein balance 

OM: organic matter 

OMd: in vitro organic matter digestibility 

RNSP: residual non starch polysaccharides 

U: undegradable fraction after 336h of rumen incubation 

VEM: (Voeder Eenheid Melk) Net energy for lactation 

W: washable fraction 
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3DUW�,��7KH�XVH�RI���*)7�IRU�*UDVV�6LODJH�
 

�� ,QWURGXFWLRQ�
Grass silage is an important component in the ration of cattle especially during the winter 
time. The quality of grass silage depends to a large extent on the growth stage of the grass 
at harvest, the weather conditions during field wilting and the ensiling practices. In case of 
unfavorable ensiling conditions, silage additives may be used. Currently, mostly inoculants 
containing living micro-organisms are added. Pioneer recently developed the inoculant 
11GFT for use on grass consisting of 3 Lactobacillus strains: /��SODQWDUXP, /��FDVHL and /��
EXFKQHUL. The former two strains are facultative heterofermentative, whereas the latter is 
strict heterofermentative (Holzer et al. 2003). The production of acetic acid besides lactic 
acid explains the improvement of aerobic stability, observed with the use of /�� EXFKQHUL 
(Kung and Ranjit 2001). Moreover, /��EXFKQHUL is able to produce ferulate esterase (FE), an 
enzyme which breaks down the linkages between (hemi)cellulose and lignin (Donaghy et al. 
1998). By making this mixture, Pioneer aimed to improve not only silage fermentation quality 
and aerobic stability, but also to enhance digestibility and nutritive value of the silage. 

The objective of the study was to examine if the above-mentioned aims are reached by 
investigating the effects of the inoculant on the fermentation characteristics, the chemical 
composition, the in situ rumen degradability and in vitro digestibility of grass silage. The 
effect of the inoculant was studied during two years at four growth stages and two ensiling 
periods. Although it is recommended to mow grass not too late for making good quality 
silage, the efficacy of the inoculant was also studied at later growth stages. It would answer 
the question if the claimed positive effect of the additive on digestibility offers farmers more 
flexibility to postpone harvest in case of bad weather conditions or to obtain higher yields. 
The effect was studied after 60 and 150 days of ensiling to examine if a long ensiling period 
could have an additional effect compared to a more common ensiling period. This additional 
effect is expected as /�� EXFKQHUL is known as a slowly growing bacterium (Schmidt et al. 
2009).  

Finally, a zootechnical trial on the experimental farm of ILVO Animal Sciences was done to 
investigate the effect of adding the inoculant to grass silage on the roughage intake and the 
zootechnical performances of dairy cattle. 
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�� 7KH� HIIHFW� RI� ��*)7� RQ� VLODJH� TXDOLW\�� FKHPLFDO�
FRPSRVLWLRQ�DQG�UXPHQ�GHJUDGDELOLW\�RI�1')�DQG�
20�±�<HDU���

 

���� 0DWHULDO�DQG�PHWKRGV�
 

������ *UDVV�DQG�VHOHFWLRQ�RI�JURZWK�VWDJHV�
 

At the research farm Bottelare of University College Ghent, a first cut perennial ryegrass 
(/ROLXP� SHUHQQH) was harvested at seven dates between the end of April and early June 
2010; the growth stage varied from early vegetative to generative. Based on the crude fibre 
(CF)-content and after control of the enzyme-activity of the inoculant, four clearly distinct 
growth stages were selected. The parcel ryegrass was sown in April 2008 and received 120 
kg N ha-1 in March 2010. At each harvest date a representative batch of about 150 kg grass 
was mown with a Haldrup harvester (Inotec, Løgstør, Denmark) around 11:00 AM. Dry 
matter (DM) yield was estimated from the fresh weight of the harvested area and the DM-
content of the grass. Then, the grass was wilted on the field to obtain a DM-content of about 
35%. Wilting lasted for 25, 29, 73 and 24 h, respectively. The longer wilting period after the 
third harvest was because of rain on the second day. Afterwards, the grass was cut with a 
field chopper (Sperry New Holland, Zedelgem, Belgium) set at a theoretical length of 24 mm.  

 

������ 0LFUR�VLORV�
The forage was ensiled in cylindrical plastic tubes (Figure 1) with a volume of 2.75 litre 
(height 35 cm, bore 10 cm) and was made airtight. The top lid was provided with a CO2-lock, 
enabling escape of fermentation gasses. On the long side of the tubes, holes were provided 
to induct aerobic stress (Dupon et al. 2011). 

 

 ��� �����	� 
 ��� ���� � ��� � ����� ������� � � � ����! �"�#$��%���"�� "����&�'�(� "�#���)�& ������+*�� ,�)���	�)�)�
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Eccentric tubes, placed on top of the tube, and an air press were used to fill the micro silos 
(Figure 2). Filling and pressing was done in two steps. First, half of the tube was filled with 
grass and pressed, then more grass was added up to the top of the tube and pressed again, 
after which the tube was closed. This way, practical ensiling was imitated as good as 
possible. To obtain a minimum density of 180 kg m-³ the necessary amount of fresh grass 
was calculated from the estimated DM-content and a table according to the nature of the 
roughage (Wambacq et al. 2007). 

For each of the four selected growth stages, 10 micro-silos were made with and 10 without 
the inoculant. To study the effect of the ensiling period, 5 silos were opened after 60 days, 
the other 5 after 150 days. 

The inoculant studied here was 11GFT®, developed by Pioneer Hi-Bred Northern Europe. It 
is a product containing the strains /DFWREDFLOOXV�EXFKQHUL LN40177, /��SODQWDUXP LP24011 
and /��FDVHL LC32909 at concentrations of >1.0 x 1011, >2.0 x 1010 and >1.0 x 1010 colony 
forming units (cfu) g-1 product, respectively (Dupon et al. 2011). 

 

 

For the treatment, 20 kg wilted grass spread on a plastic sheet was sprayed with 0.2 L of 
distilled water in which 20 mg of the inoculant was dissolved, according to the recommended 
dose of 1 g ton-1 fresh material, and thoroughly mixed. For the control, the same quantity of 
sterile distilled water was added to another 20 kg of the grass.  

During the ensiling process, different samples of the starting material from the control and 
the treatment were taken. One sample was taken for counting the yeasts and moulds, 
according to ISO21527 (2008) and counting the lactic acid bacteria (LAB) according to ISO 
15214 (1998). Another sample was collected for determination of DM, by drying the fresh 
material in a ventilated dry oven at 65 °C. The dried sample was ground to pass a 1-mm 
screen and analysed for residual moisture (EC 1971b), CF, neutral detergent fibre (NDF) and 
sugar content. CF was analysed using the filterbag method (EC 1992). NDF was determined 
with the filter bag method using -amylase and sodium sulphite (Van Soest et al. 1991). The 

��� �����	� - �.� � � � "��$��/�������01� ���� � ��� � ���2*43202�) �"�����/���4)��"4�5�5� ,�5��*��)�� �"�#2 �"� �� �6%��	�)�)�
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content of total sugars was determined after inversion and calculated as glucose (Luff-
Schoorl method; EC1971a). 

All micro-silos were weighed at the start of ensiling and then weekly until the end of the 
ensiling period. This allowed to follow the evolution of the fermentation losses during ensiling. 
Eighteen days before opening of the silos, aerobic stress was induced to all micro-silos by 
removing the tapes from openings on the side of the tubes. 

When silos were opened on average 5 cm forage material was discarded from the top and 
the bottom. The rest of the grass was pulled out the tube and homogenized in separate 
boxes. Yeast and moulds were removed from the rest of the silage material. Four out of five 
silos were directly selected by eliminating the silo with visible most mould growth. These 4 
silos were individually sampled for analysis of fermentation characteristics and aerobic 
stability. Then, 3 out of 4 silos per object were randomly selected for determination of rumen 
degradability. Also, DM, crude ash and NDF were analysed on each micro-silo. Finally, the 
remaining material of the 3 micro-silos was pooled per treatment for analysis of crude 
protein, sugars, crude fibre and crude fat. Total OM digestibility (OMd) was estimated by an 
in vitro cellulase technique and the Net Energy Value for dairy cattle (VEM) was calculated. 
All analytical methods are explained more in detail in the following paragraphs. 
Determination of rumen degradability is explained in detail in 2.1.3. 

The aerobic stability was determined using the protocol of Honig (1990). Aerobic stability is 
defined as the number of hours the silage stays stable when exposed to air. The silage is 
stable as long as the temperature of the forage raises no more than 3°C above room 
temperature. Lactate assimilating yeasts degrade lactic acid to carbon dioxide and water and 
produce excessive heat that leads to a loss of nutrients (Kleinschmit et al. 2005, Woolford 
1990). This further results in an increase of the pH to a level that allows opportunistic 
bacteria and moulds to grow and further reduce silage quality and increase of the instability 
of the silage (Kleinschmit et al. 2005). 

To determine the aerobic stability, an equivalent of 100 g DM silage material was stored in a 
cup, provided with openings on the top and the bottom. So, air could circulate and 
yeasts and moulds could grow. The empty cup was weighed, silage material brought 
in the cup and full weight was noted. The silage was covered with a double layer of 
sterile cheesecloth to avoid contamination and drying out of the forage, yet allowing 
air to infiltrate the forage mass. A thermocouple wire was placed in the geometric 
centre of the forage mass and connected to a computer (Figure 3). Every 10 minutes, 
temperature was measured and in processing, an average of 2 hours was made. 
(Wambacq et al. 2007; Kleinschmit et al. 2005). 

 ��� ������� 7 �8�4 )�����	��0���"��+��/����401%����	 )�5���	�8/������5���& )������*.� 8�)�� �*�� � � � 3
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The DM was determined by pre-drying the fresh material in a ventilated oven at 65°C. The 
dried sample was ground to pass a 1-mm screen and residual moisture was determined. 
This was done in ANIMALAB (ILVO-Animal Sciences): five gram sample was weighed in a 
crucible and during 4 h dried at 103°C (EC 1971b). The dry matter content was calculated 
from air-dry matter and residual moisture content. 

The fermentation characteristics were determined in the Centre Provincial de l’ Agriculture et 
de la Ruralité in La Hulpe. After a rest period of 12 h, a silage extract was made after soaking 
100 g silage in 1 L distilled water. The pH was measured directly in the extract. The volatile 
fatty acids were analysed by HPLC (Ohmomo et al. 1993) and ammonia was determined by 
the Kjehldahl method without preliminary destruction (ISO 5983-2 2005). 

The alcohol content was determined in the brewery of the University College Ghent on an 
aqueous extract by NIR absorption, by an adaptation of the method described by Sørensen 
(2004).  

Chemical composition of the starting material and the silage samples was analysed in 
ANIMALAB (ILVO-Animal Sciences). Crude protein (CP) was determined by the Kjehldahl 
method (ISO 5983-2, 2005); crude fat by extraction with petroleum ether (method A; ISO 
6492, 1999). Crude ash was measured by incinerating the samples in a muffle furnace at 
550°C (ISO 5984, 2002). 

,Q� YLWUR OM-digestibility was determined according to De Boever et al. (1986). A sample is 
weighed in a filter crucible and successively incubated with pepsine-HCl and cellulase in a 
buffer solution. With a specific regression equation, based on the cellulase digestibility and 
ash content, the net energy value for dairy cows (VEM) was estimated (De Boever et al. 
1999). The content of residual non starch polysaccharides (RNSP), as a measure of pectins 
and complex sugars like arabans, xylans and beta-glucans (Tamminga et al. 2007) was 
calculated as: 

RNSP = 1000 - NDF - CP - crude ash - sugars - crude fat – FP 

With FP being the silage fermentation products calculated as the sum of lactic, acetic, 
propionic and butyric acid as well as the alcohols. 

The DM-content and the chemical composition were corrected for loss of volatile substances 
during drying (Dulpy and Demarquilly 1981). 

Results were statistically processed using SAS Enterprise Guide 5. Normality for the 
repetitions within control/treatment was checked by Kolmogorov-Smirnov. If data were 
normally distributed, an ANOVA Linear Model was applied to investigate the effect of 
treatment and the interaction between treatment and growth stage. An ANOVA t-test was 
done to indicate the significance of the difference between treatment and control means 
within growth stage and ensiling period. If not normal, a non-parametric Kruskall-Wallis 
analysis was carried out to investigate the effect of treatment and to compare control and 
treatment means. Significant differences are indicated by * (S � 0.05) ** (S � 0.01) and *** (S 
� 0.001) and trends were noted when 0.5 ��S � 0.10. Non significance (S > 0.10) is indicated 
as ns. For the parameters determined on a pooled silage sample, the overall effect of 
treatment was examined across the 4 growth stages within ensiling period using ANOVA. 
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������ ,Q�VLWX�WULDO�
For an accurate evaluation of the feeding value of forages, knowledge about digestibility, 
degradability and degradation rate is required. The reference method to determine the extent 
and rate of degradation of organic components in the rumen is the Q\ORQ�EDJ technique.  

The LQ�VLWX rumen incubation technique concerns three phases: (1) preparation and filling of 
the nylon bags, (2) incubation in the rumen of the cows and (3) the handling and analysis of 
the incubation residues. 

�������� 1XPEHU�RI�VLODJH�VDPSOHV�
During the first experimental year with grass silage, rumen degradation characteristics of 48 
objects were determined: 4 growth stages, 2 ensiling periods, control vs. treatment and 3 
replicates (micro-silos).  

�������� 3UHSDUDWLRQ�
Nylon bags (Sefar, Heiden, Switzerland, pore size 37 µm) with dimension 80 x 100 mm were 
prepared using a welding apparatus (Polystar 401M, Riche + Herfurth Bahrenfelder, 
Hamburg, Germany). The frozen grass sample was cut in a dish cutter to pieces � 10 mm to 
simulate the particle size of the feed entering the rumen after chewing. After cutting, the 
silage samples were frozen again. An equivalent of 2.5 g dry matter was weighed in the 
nylon bag. For longer incubation periods (72h and 336h) a double quantity was weighed (5.0 
g dry matter). 

�������� 5XPHQ�LQFXEDWLRQV�
Nylon bags were incubated for 0, 8, 24, 48, 72 and 336 hours. The 0h bags are not 
incubated in the rumen but follow the same washing procedure as the rumen bags, which 
allow to determine the washout fraction (W). The incubation period of 336 h (12 days) is 
applied to derive the undegradable fraction (U) (De Boever 2010). Two rumen-cannulated 
cows were used. For each silage sample and each incubation time 4 bags (2 per cow) were 
incubated to ensure enough residue for further analysis. For the 0 h incubation, 3 bags were 
weighed per silage sample. For the first year of grass, this resulted in 1104 bags to weigh (48 
silage samples x [(5 incubation times x 4 bags) + (1 incubation time x 3 bags)]) and 288 
residue samples (48 silage samples x 6 incubation times) to analyse. Because the protocol 
prescribes that maximum 30 bags may be incubated in the rumen at once, incubation of 8, 
24, 48 and 72h-bags had to be repeated 4 times. The bags were fixed with a nylon thread to 
a leaden ring of 1kg (Figure 4) to keep them immersed in the rumen fluid.  

 

��� ������� 9 :;3�� ��"$*� 4������"� �� �4 �#���"$�5� "��
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Figure 5 shows how bags are put into the rumen through a fistula. The lactating cows were 
separately bound and were fed a basal ration consisting of maize and grass silage (50/50 on 
DM-basis), supplemented with concentrates to meet their requirements for energy and 
protein. 

 

 

 

After incubation, bags with residues were directly immersed in ice water to stop microbial 
activity and frozen to kill adhering bacteria. 

 

�������� +DQGOLQJ�RI�WKH�LQFXEDWLRQ�UHVLGXHV�
After a period in the freezer, the bags with residues were defrosted and then washed in an 
automatic washing machine (Zanussi, Frankfurt/Main, Germany) with cold water for 50 
minutes without spin cycle. After washing, the bags were held one by one under running 
demineralised water to move the residue near the bottom of the bag (Figure 6). This 
facilitates later opening of the bags and recuperation of the residue.  

 

 

 

 

�.� �+���	� < = ".%��4�+��/;")3�� �+"$*� 4���&��� ������� �  4���2� "��5��������0���"

�.� �+���	� > ?@� "4��� "��$��/�������*� 4���
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After freeze drying in a lyophilisator, bags were weighed again (Figure 7) and the 3 or 4 bags 
per silage were put together in a plastic bottle. Later on, bags were cut and the residual 
material was brushed out of the bags and pooled into the bottle (Figure 9 and Figure 8). 
Finally, residues were ground through 1 mm for analysis of residual moisture, crude ash and 
NDF.  

 

 

 

 

 

 

 

 

 

 

�������� &DOFXODWLRQ�RI�UXPHQ�GHJUDGDWLRQ�SDUDPHWHUV�
The potentially degradable fraction (D) was calculated as 100 - W - U, with W being the 
washable fraction and U the undegradable fraction. 

The degradation rate (kd) of D was derived by iteration using the exponential model           
d(t) = W + D x (1 -e(-kdxt)) with d(t) the disappearance at time t (∅rskov and McDonald 1979).  

Then, the rumen fermentable NDF fraction (FNDF) was calculated as: 

FNDF (%) = DNDF x [kdNDF/(kdNDF + kpNDF)]  

with kpNDF being the passage rate of NDF derived from the equation: kpNDF = 0.1775 x kdNDF + 
1.39 and assuming WNDF = 0 (Tamminga et al. 2007). 

 

�.� �+���	� A BC��� ����� "��$��/.�'���&/'�	�4�EDE��#+�5� �4#(*� ����

�.� �+���	� F �8%���"�� "��$��/+ �")3�� �+"1*� 4� ��� �����	�HG I��5�4����� "��J���4�K�5���L�	�E��� #��� ��0� )�	���5�  ��4� "4�����5����*���� �5� �
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The rumen fermentable OM (FOM) fraction was calculated as: 

FOM (%) = WOM + DOM x [(kdOM/(kdOM + kpOM)]  

with kpOM the passage rate of OM, equaling 4.5 % h-1 (Tamminga et al. 2007). 

 

���� 5HVXOWV�DQG�GLVFXVVLRQ�
The cutting and ensiling dates of the grass at the 4 growth stages selected for further study 
are presented in Table 1, together with the yield and the main chemical parameters of the 
grass after wilting. 

 M. �*�� �$
8M;����/����.�N�� �� O��)�)�; �"�#1��"4��� � � "��(#� E���)�2��/;�5����/�� �P�)�;��4�@%����	��"�"��  ����P3��4���� )�4�(� "�������/�� �	�)��3��) ��6��/+�'���  ��Q��� �'�#��P3�0� E�	�	����3�� ��� #2 �"�#$�����01� 4 ��))�.01%������ ��� �+"

�
&XWWLQJ�
'DWH�

(QVLOLQJ�
'DWH�

<LHOG� '0� &)� 1')� 6XJDU�
�NJ�'0�KD R S �� �J�NJ R S �� �J�NJ R S �'0��

6W��� 28/04/10 29/04/10 3100 364 169 365 225 

6W��� 17/05/10 18/05/10 3450 336 198 422 184 

6W��� 25/05/10 28/05/10 4010 365 247 505 150 

6W��� 02/06/10 03/06/10 5100 360 262 535 201 

 

The number of yeasts and moulds in the grass was quite high at all stages (Table 2). The 
inoculant contained, according to the label, 1.1E+11 cfu LAB g-1 powder, whereas by counting, 
1.3E+10 cfu LAB g-1 powder was found. Following the recommendation of the manufacturer, 
1.3E+04 cfu LAB were added per gram grass. This dose corresponded fairly well with the 
number of LAB found in the treated silage at all stages, while the number of LAB of the 
control grass was rather low (Table 2). 

 M. �*�� ��-�:���01*����+��/�3��4 )�4�P��T40$����� #��� �"�#(�  �Q��� & ��� #(*� �E�	���5�  �U�V4WXI@Y�� "�4��� ��"43&/'����01� "��(��".� �	�2%����+�.�	 �0ZUPE/'����[ \'Y��"&�����8�4�	 �� ��� "��$0� E�����5�  ��E��/.�5�4�&9���������� "����)�	 ����E����/.�5���,/5� �P�)��3��4 ��+��/����'�  ��

� <HDVWV� 0RXOGV� /$%�
&RQWURO�

/$%�
7UHDWPHQW�

6WDJH��� 2,40E+05 2,60E+03 6,00E+02 3,20E+04 

6WDJH��� 1,00E+05 2,10E+04 4,80E+02 3,00E+04 

6WDJH��� 2,60E+05 6,50E+04 2,00E+03 1,50E+04 

6WDJH��� 2,50E+05 9,00E+04 <10 1,20E+04 

 

������ &KHPLFDO�FRPSRVLWLRQ�DQG�LQ�YLWUR�20�GLJHVWLELOLW\�
The chemical composition and in vitro OMd of the grass silage at the 4 growth stages and 
after the 2 ensiling periods is presented in Table 3. DM, NDF and crude ash are means of 3 
micro-silos, the other parameters are single values from a pooled sample of 3 micro-silos. 
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M. �*�� �]7]�^����01� 4 ��64�.01%������ �5� ��"_ �"�#`� "]O�� �'�'�a�,�&#b��/8)�+")�'�'���; �"�#c�'�	�4 )�	��#_��� � �	��#b�.�� E���C��� �  ����_ E�!9_�+���4�,�5��4�	 ����)�� �"�#2 )/P������ �"���"���� � � "��(%������ �.#2U�d;e�Y���/���� �5�����+>4f&���6
Q<4f�#

  EP 
(d) 

Stage 1 Stage 2 Stage 3 Stage 4 
SEMa Tb TxSc 

  C T - C C T - C C T - C C T - C 
Dry matter 60 387 +10*** 342 +19*** 370 +10** 359 +6** 2.9 *** *** 
g kg-1 150 378 +26** 334 +22*** 367 +8** 352 +6* 3.5 *** *** 
NDF 60 344 -27*** 397 -20** 491 -7ns 512 -7ns 15.3 *** ** 
g kg-1 DM 150 344 -31*** 410 -31*** 492 -9* 504 +10ns 15.3 *** *** 
Crude ash 60 111 -3* 94 -7** 81 -5*** 81 -3ns 2.7 *** ** 
g kg-1 DM 150 117 -7** 97 -9*** 82 -3** 80 -2* 2.9 *** *** 
Crude Protein 60 231 -5 169 -1 141 -4 135 -6 13.5 * nd 
g kg-1 DM 150 245 -19 186 -19 144 -2 129 0 14.7 ns nd 
Sugars 60 119 -50 153 -114 58 -41 52 -38 16.1 * nd 
g kg-1 DM 150 48 -1 65 -39 36 -26 32 -23 6.3 ns nd 
Crude Fibre 60 178 +2 227 -19 286 -24 289 -16 16.2 * nd 
g kg-1 DM 150 194 -17 229 -20 268 -8 281 +6 14.7 ns nd 
Crude Fat 60 41 + 5 41 + 5 39 -1 41 +1 1.0 ns nd 
g kg-1 DM 150 45 + 4 46 0 40 + 3 41 + 3 1.0 ns nd 
FP 60 96 + 36 78 + 58 91 + 29 98 +14 6.8 * nd 
g kg-1 DM 150 118 +24 108 +36 93 +27 94 +26 6.3 *** nd 
RNSP 60 57 +44 70 +79 100 +27 82 +38 10.2 * nd 
g kg-1 DM 150 83 +31 88 +62 115 +9 120 -15 7.0 ns nd 
OMd 60 91.8 + 0.6 88.8 - 0.6 76.9 + 2.2 73.1 + 1.5 2.64 ns nd 
% 150 90.7 + 2.3 86.8 + 1.8 75.2 + 3.8 73.6 + 1.3 2.61 * nd 
VEM 60 985 + 14 1037 + 2 970 + 28 941 + 22 20.2 * nd 
kg-1 DM 150 952 + 50 995 + 46 950 + 40 952 + 12 19.3 * nd 

a: Standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 

ns: not significant (S > 0.05),  

*: significant at S � 0.05,  

**: significant at S �������� 
***: significant at S �������,  

nd: not determined because of limited degrees of freedom 
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The DM-content of the control silage either after 60 d or 150 d of ensiling (Table 3) 
corresponded fairly well with that of the wilted grass at ensiling (Table 1). The addition of the 
inoculant significantly (S�≤ 0.001) increased DM-content at all stages and for both ensiling 
periods. The increase was most pronounced for stages 1 and 2 after both 60 and 150 d of 
ensiling. 

Compared with the grass at ensiling, the NDF content of the control silages after both 60 and 
150 d of ensiling was somewhat lower. Treatment with the inoculant significantly (S�≤ 0.001) 
decreased NDF content at the first two growth stages after 60 d of ensiling and the first three 
stages after long ensiling. 

The ash content of the control silage was significantly (S� ≤ 0.05) higher than that of the 
treated silages. The difference was smallest at the last growth stage. In absolute terms, 
differences were rather small. 

The protein content of the control silage decreased with later harvesting from 238 g kg-1 DM 
for stage 1 to 132 g kg-1 DM for stage 4. Treated silages had a lower CP content than the 
control silages; averaged over the 4 growth stages the difference amounted to 4 and 10 g kg-

1 DM after respectively 60 and 150 d of ensiling, but only significantly (S�≤ 0.05) after 60 d. 

The sugar content of the control silage after 60 d was clearly lower compared with that of the 
grass at ensiling except for stage 2; longer ensiling further decreased sugar content. All 
treated silages had a lower sugar content than the control silage. Averaged over the 4 growth 
stages the sugar content of the control and treated silage amounted to respectively 95 and 
35 g kg-1 DM after 60 d and to respectively 45 and 23 kg-1 DM after 150 d. The difference 
was only significant (S�≤ 0.05) after the short ensiling period. 

The content of fermentation products (FP) of the control silage after 60 d varied between 78 
g kg-1 DM at stage 2 to 98 g kg-1 DM at stage 4. Longer ensiling further increased FP for 
stages 1 and 2. Compared with the control silage, the inoculant significantly increased FP 
content from 91 to 125 g kg-1 DM after 60 d and from 103 to 131 g kg-1 DM after 150 d. 

Crude fat content of all silages varied between 38 and 49 g kg-1 DM and was not affected by 
the treatment.  

The content of RNSP tended to increase with later harvesting and longer ensiling. The 
inoculant increased the RNSP content in all cases, except for the fourth growth stage after 
150 d of ensiling. Averaged over the 4 growth stages the RNSP content of the control and 
treated silage amounted to respectively 77 and 124 g kg-1 DM after 60 d and to respectively 
102 and 124 kg-1 DM after 150 d. The difference was only significant (S�≤ 0.05) after the short 
ensiling period.   

The cellulase OM digestibility of the control silage (averaged for the 2 ensiling periods) 
decreased gradually from 91.3% at stage 1 to 73.4% at stage 4. The OMd was always higher 
with the inoculant than with the control, except at stage 2 after 60 d of ensiling. The mean 
OMd for the 4 growth stages of the control and the treated silage amounted to respectively 
82.6 and 83.6% after 60 d and to respectively 81.6 and 83.9% after 150 d. The difference 
was only significant (S�≤ 0.05) after the long ensiling period. 

The estimated VEM value of the treated silage was significantly (p ≤ 0.05) higher than that of 
the control silage after both ensiling periods, which can be explained by the higher OMd, the 
somewhat higher crude fat content and the lower crude ash content. 
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������ 6LODJH�IHUPHQWDWLRQ�TXDOLW\�
The weekly DM-losses of all micro-silos increased linearly (p � 0.01) from week 1 to the 
opening of the silos after both 60 and 150 d of ensiling. For the control silages of 60 d 
ensiling losses increased gradually up to 6 weeks after ensiling but with a steeper slope after 
the induction of aerobic stress (Figure 10). The losses were higher with advancing harvest 
stage. Initially, treated silages had higher DM-losses than control silages, the difference 
being significant (p � 0.05) up to weeks 4, 4, 3 and 2 after ensiling for stages 1, 2, 3 and 4, 
respectively. With longer ensiling, DM-losses for treated silages were no longer different (S > 
0.05) from control silages and became even smaller (p � 0.05) after 8, 7 and 4 weeks for 
stages 1, 3 and 4, respectively. 

The DM-losses of the control silages ensiled for 150 d (Figure 11) increased gradually for 
stages 3 and 4, whereas losses for stages 1 and 2 showed a steep increase after about 8 
weeks and were higher than those of the later stages at the opening of the silos. Initially, 
treated silages had higher DM-losses than control silages, the difference being significant (S�
≤ 0.001) up to weeks 3, 3, 2 and 1 after ensiling for stages 1, 2, 3 and 4, respectively. With 
longer ensiling, DM-losses for treated silages were no longer different (S�> 0.05) from control 
silages and became even smaller (p ≤ 0.001) after 12, 12, 7 and 6 weeks for stages 1, 2, 3 
and 4, respectively. 

The final weight loss of the control silages after 60 d of ensiling varied from 1.4% for stage 2 
to 2.2% for stage 4 (Table 4). Longer ensiling increased weight losses particularly for stages 
1 and 2, when losses more than doubled. The inoculant significantly (S�≤ 0.01) decreased 
losses, the effect being significant for stages 1, 3 and 4 after 60 d of ensiling and for all 
stages (S � 0.001) after long ensiling. 
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Q<4f�#� E3�����/���"4��� � � "��

 

The pH of the control silage after 60 d of ensiling varied between 4.41 for stage 3 to 4.93 for 
stage 1 (Table 4). Longer ensiling increased pH with 0.2 to 1.0 units; the greatest increase 
was observed for stage 1. Treating grass significantly (S�≤ 0.001) decreased pH at all stages 
and for both ensiling periods. The effect varied from 0.4 to 2.0 units and was most 
pronounced for the long ensiling period. The difference decreased with later harvest date.   

Lactic acid content of the control silage after 60 d varied between 32 g kg-1 DM for stage 1 to 
46 g kg-1 DM for stage 3 and was lower at each stage after 150 d of ensiling. The inoculant 
significantly (S� ≤ 0.001) increased lactic acid content for both ensiling periods. The effect 
clearly decreased with later harvest date.  

Acetic acid content of the control grass silage after 60 d varied between 11 g kg-1 DM for 
stages 2, 3 and 4 to 26 g kg-1 DM for stage 1. Longer ensiling decreased the content for 
stage 1 and increased the content for stage 3. The addition of the inoculant significantly (S�≤ 
0.001) increased acetic acid content for both ensiling periods. For stage 1 after 60 d of 
ensiling no difference was observed. 

Butyric acid was not detected in the control nor in the treated silages after 60 d. After 150 d 
of ensiling butyric acid was present in the control silage of stages 3 and 4, but not in the 
treated silages. 

Propionic acid was not detected in any of the control or treated silages. 

The total alcohol content of the control silages after 60 d varied from 27 g kg-1 DM for stage 2 
to 42 g kg-1 DM for stage 4. Longer ensiling increased alcohol content, particularly for stages 
1 and 2. Treatment significantly (S�≤ 0.001) lowered alcohol content; the decrease was most 
pronounced for stages 1 and 2 after long ensiling. 
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The ammonia fraction of the control silage after 60 d increased gradually with later 
harvesting from 4.5% for stage 1 to 8.3% for stage 4. Longer ensiling increased the ammonia 
fraction a little more except for stage 3 when a small decrease was observed. Treatment with 
the inoculant significantly (S�≤ 0.001) decreased the ammonia fraction for all stages and both 
ensiling periods with 0.7 to 2.8%-units. 

Aerobic stability of the control silage after 60 d was fairly constant among stages amounting 
to about 30 h. Longer ensiling increased aerobic stability in all stages. Treatment with the 
inoculant significantly (S�≤ 0.001) improved aerobic stability. After 150 d of ensiling, the silage 
with the inoculant remained stable at all stages for more than 7 d. 

 M. �*�� ��92g@� �  4����/����50���")�� E��� �."$h��� �� � �P3$��/N4��")�5�����) �"�#$�5�	�) )�	��#$��� � �	��#(���	 )�4����� �  ����� E�;91���	���,�5���4�	 ����E�$ �"�#( )/P����� �"���"���� � � "��(%����5� ��#2U'd;e�Y���/+��� �'�����+>4f&���6
Q<�f&#� E3��

  EP 
(d) 

Stage 1 Stage 2 Stage 3 Stage 4 
SEMa Tb TxSc 

  C T - C C T - C C T - C C T - C 
Final Weight 60 1.6 -0.9** 1.4 -0.2ns 1.9 -0.5*** 2.2 -0.7** 0.08 *** ** 
loss (%) 150 3.3 -2.1*** 3.2 -1.8*** 2.4 -0.7*** 2.6 -0.7*** 0.14 *** *** 
pH 60 4.93 -1.00** 4.60 -0.77*** 4.41 -0.48*** 4.42 -0.38*** 0.066 *** nd 
  150 5.92 -1.97*** 5.07 -1.23*** 4.62 -0.61*** 4.82 -0.75*** 0.121 *** nd 
Lactic Acid 60 32 + 55*** 40 + 43*** 46 + 26*** 45 + 7ns 3.5 *** *** 
g kg-1 DM 150 29 + 60* 26 + 61*** 34 + 31*** 33 + 22*** 4.5 *** *** 
Acetic Acid 60 26 -2ns 11 + 21*** 11 + 16*** 11 + 23*** 1.6 *** *** 
g kg-1 DM 150 16 + 12*** 8 + 24*** 16 + 14*** 10 + 30*** 2.0 *** *** 
Butyric Acid 60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 ns nd 
g kg-1 DM 150 0.0 0.0 0.0 0.0 2.3 -2.3* 3.4 -3.3*** 0.26 *** ** 
Alcohols 60 38 -17** 27 -6* 34 -12** 42 -16** 1.4 *** ** 
g kg-1 DM 150 73 -49** 74 -50*** 41 -15*** 48 -23*** 3.7 *** *** 
Ammonia 60 1.97 -0.83*** 2.10 -0.95*** 2.10 -0.42** 2.11 -0.79*** 0.074 *** *** 
g kg-1 DM 150 2.33 -0.74*** 2.44 -0.95*** 2.09 -0.26*** 2.37 -0.84*** 0.068 *** *** 

NH3-N/N 60 4.5 -1.8*** 6.3 -2.5*** 7.6 -1.3** 8.3 -2.8*** 0.32 *** *** 

% 150 4.8 -1.2*** 6.7 -2.2*** 7.1 -0.8** 8.6 -2.6*** 0.27 *** *** 

Aerobic st.d 60 30 + 97* 24 + 129** 31 + 119** 32 >138*** 12.0 *** 0.10 

hours 150 94 >76*** 43 >127*** 76 >94** 39 >131*** 12.8 *** *** 
a: standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 
d: Aerobic stability was measured for a maximum of 170h 

ns: not significant if S > 0.10; 

* significant at S ��0.05; 

** significant at S ��0.01; 

*** significant at S ��0.001; 

nd: not determined because of non-parametric Kruskall-Wallis analysis 
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The inoculant was applied to grass wilted at a DM content of about 35%. Wilting grass is 
already a good measure to improve silage quality because epiphytic lactic acid bacteria are 
relatively more tolerant to low moisture availability than the vegetative forms of undesirable 
clostridia (Woolford 1984). According to the latter there is no more advantage to wilt further 
than 300−340 g DM kg-1, because from then on oxidation could increase losses. Indeed the 
control silage of all 4 stages after 60 d of ensiling showed small DM-losses (1.6 to 2.2%), a 
low pH (4.4 to 4.9), no butyric acid and a low ammonia fraction (4.5 to 8.3%). Despite the 
proper fermentation characteristics, aerobic stability of the control silage at all stages was 
low (about 30 h), considering that the target for potential aerobic stability is 7 d (Wilkinson 
and Davies 2013).  

For testing the efficacy of silage additives, EFSA (2006) recommends an ensiling period of 
90 d or longer. In this study a shorter period of 60 d was chosen, because it is a common 
practice that farmers open their silo after 2 months of ensiling in the assumption that silage 
fermentation is finished. However, comparison of the control silages after 60 and 150 d of 
ensiling in the present study showed worse quality after longer ensiling at all stages. 
Compared with 60 d of ensiling, longer ensiling resulted in higher DM-losses (2.4 to 3.3%), a 
lower DM content, a higher pH, particularly for the first growth stage, a reduced lactic acid 
content and an increased alcohol content and the presence of butyric acid at stages 3 and 4. 
These changes were accompanied by a further decrease of sugar content and indicate that 
the fermentation process was still ungoing after 60 d of ensiling. Considering the low aerobic 
stability observed after 60 d of ensiling, the oxidation of the control silages during longer 
ensiling may have been caused by some air ingression through the tape covering the 
openings in the tube. Another explanation is the higher risk for aerobic deterioration at a 
density of 180 kg DM per m³, as applied in our experiment. Such a density also prevails in 
practice, but is lower than the recommended minimum density of 210 kg DM per m³ 
(Wilkinson and Davies 2013). 

The number of LAB counted in the inoculated grass silage corresponded fairly well with the 
number added with the inoculant, whereas the number in the control silages was low to very 
low. Notwithstanding the proper quality of the control silage after 60 d of ensiling, treatment 
clearly improved almost all fermentation characteristics. The inoculant decreased weight 
losses, resulting in a higher DM content of the silage. It increased lactic acid content; the 
effect was most pronounced for the first two harvest dates. It also increased acetic acid 
content at all stages except the first. The increase in the production of acids was reflected in 
a decrease of pH. On the other hand, the addition of the inoculant decreased the formation of 
alcohols, which is an indication that yeasts and moulds were inhibited, which is also reflected 
by the better aerobic stability of the treated silage. That the inoculant reduced the activity of 
undesirable organisms appears also from the lower ammonia fraction, meaning less protein 
degradation in the silo. Similar effects by inoculating wilted perennial ryegrass (330 g DM kg-

1) with /��EXFKQHUL plus a mixture of 3HGLRFRFFXV�SHQWRVDFHXV and /��SODQWDUXP on pH, lactic 
acid, the ammonia fraction, DM loss and aerobic stability were observed by Driehuis et al. 
(2001). 

The production of more acetic acid besides more lactic acid proves the activity of the 
heterofermentative bacterium /�� EXFKQHUL in the inoculant. Acetic acid inhibits yeast and 
moulds, which was clearly reflected by the lower alcohol production and better aerobic 
stability. The higher acid production by the added living Lactobacilli was possible through the 
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fermentation of more sugars. The addition of the inoculant also lowered NDF content of the 
silage, particularly at the early growth stages. The decrease of NDF content is interesting for 
the nutritive value of the silage as it should result in a higher feed intake. Indeed, cell wall 
content highly affects feed intake by contributing to rumen fill (Jung and Allen 1995).  

The decrease in NDF content was accompanied by an increase of RNSP content, a measure 
of complex sugars. This is another indication of the activity of /��EXFKQHUL, which was shown 
to produce ferulate esterase (Donaghy et al. 1998). This enzyme seems able to attack young 
cell walls, but not lignified ones.  

The improvement of silage quality by addition the inoculant was even more pronounced after 
150 d of ensiling. This bigger effect is rather due to the worse quality of the untreated silages 
after 150 d of ensiling than to an prolonged effect of the inoculant. The lower contents of CP 
and crude ash in the DM of the treated grass silage at all stages after both ensiling periods, 
although small, may be explained by a dilution effect. Indeed, when expressed per kg of 
silage, CP and ash contents were similar for the control and the treated silage. 

 

������ 5XPHQ�GHJUDGDELOLW\�RI�1')�DQG�20�
The potentially degradable fraction as well as the degradation rate of NDF in the rumen 
decreased with later harvest date (Table 5). As a result, the rumen fermentable NDF fraction 
decreased from 67.6% for the first stage to 52.5% for the last stage. The inoculant had no 
effect on DNDF nor on kdNDF of the grass silage after 60 d. On the other hand after 150 d of 
ensiling, treatment increased DNDF, the effect being significant (S�≤ 0.01) at stages 2 and 4, 
whereas it decreased kdNDF, but the difference was only significant (S�≤ 0.01) at stage 2. 
Treatment had no effect on the rumen degradable NDF fraction at all growth stages and for 
the two ensiling periods. 

Later harvesting decreased the washable OM fraction and the degradation rate of OM and 
had no clear effect on the potentially degradable OM fraction. As a result the rumen 
fermentable OM fraction averaged for both ensiling periods decreased from 74.8% for the 
first stage to 56.5% for the last stage. Treatment did not affect any of the degradation 
characteristics after 60 d of ensiling. On the other hand after longer ensiling, treatment 
significantly (S� ≤ 0.001) increased WOM at stages 1 and 2, had no effect on DOM and 
decreased kdOM, but only significantly (S�≤ 0.05) at the last stage after 150 d. As a result, 
treatment had no effect on FOM% after 60 d of ensiling, whereas it increased %FOM at 
stages 1 and 2 after 150 d of ensiling. 
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 M. �*�� ��<1?���0���"$#��4���� 4#� )�5� ��"$��� ��� �E�	���5� �)��� E�$��/�:�i��2 �"�#j�8�k��/N)��"4�'���+�4 �"�#$�'�	�4 E���4#$��� � �	��#j�.�	 )�)�2��� �  ����2 )�;9���'�4�!�����E�� 4���E�� �"�#2 )/P������ �"���"4��� � "��(%������ �.#2U�d;e�Y���/���� �5�����+>4f&���6
Q<�f�#� E3��

  EP 
(d) 

Stage 1 Stage 2 Stage 3 Stage 4 
SEMa Tb TxSc 

  C T - C C T - C C T - C C T - C 

DNDF 60 92.9 -2.4ns 87.7 -1.1ns 81.9 +0.1ns 78.2 -2.2* 1.21 ns ns 
% 150 89.5 +1.7ns 86.9 +2.8** 81.8 +1.1ns 77.6 +4.0** 0.96 *** ns 
kdNDF 60 6.87 -0.24ns 6.51 -0.77ns 3.81 +0.24ns 4.34 0ns 0.257 ns ns 
% hour-1 150 7.76 -0.45ns 6.36 -0.86** 4.47 -0.28ns 4.70 -0.34ns 0.282 ** ns 
FNDF 60 67.3 -2.1ns 63.0 -2.0ns 53.1 +0.8ns 52.2 -1.5ns 1.30 0.07 ns 
% 150 65.9 +0.8ns 62.3 +0.4ns 54.9 0ns 52.7 +1.8ns 1.11 * ns 
FNDF 60 232 -28** 261 -20ns 268 0ns 207 -11ns 4.3 *** 0.06 
g kg-1 DM 150 227 -18*** 255 -17** 270 -5ns 266 +15ns 4.8 ** *** 
WOM 60 43.6 +1.3ns 41.6 -1.8* 30.2 +0.1ns 28.7 -1.2ns 1.43 ns * 
% 150 40.6 +5.3*** 36.5 +3.7*** 31.1 -0.9ns 29.2 -1.1ns 1.29 *** *** 
DOM 60 51.1 -2.1ns 47.3 +2.1ns 54.6 +0.3ns 53.2 -0.6ns 0.58 ns * 
% 150 50.4 -2.1* 52.4 -0.9ns 53.9 +2.2ns 52.6 +3.6* 0.55 0.09 *** 

kdOM 60 7.45 +0.33ns 7.35 -0.18ns 4.22 +0.36ns 4.72 +0.44* 0.302 ns ns 
% hour-1 150 8.96 -0.47ns 7.10 -0.65ns 4.78 -0.21ns 5.11 -0.43* 0.356 * ns 
FOM 60 75.4 +0.5ns 70.9 -0.7ns 56.5 +1.4ns 55.9 -0.3ns 1.79 ns ns 
% 150 74.1 +3.4* 68.5 +2.0* 58.8 -0.4ns 57.1 -0.4ns 1.65 ** *** 
FOM 60 671 +6ns 643 -2ns 520 +16ns 514 -1ns 14.7 ns ns 
g kg-1 DM 150 654 +36** 619 +25** 540 -2ns 525 -3ns 13.2 *** *** 

a: standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 

ns: not significant if S > 0.10; 

*: significant at S � 0.05; 

**: significant at S � 0.01; 

*** significant S � 0.001;  
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From the rumen degradation characteristics of NDF it appears that later harvesting resulted 
in an increase of the undegradable fraction from about 10% at the first stage to more than 
20% at the last stage and means a decreasing potentially degradable fraction. Moreover, the 
degradation rate of the latter almost halved in the period from the first to the last growth 
stage. Later harvesting also increased the rumen undegradable OM fraction, whereas the 
potentially degradable OM fraction remained almost constant because of the decrease of the 
washable OM fraction. This tendency can be explained by the decrease of sugars and of 
soluble protein in silage of a later growth stage. 

Because of the presence of /��EXFKQHUL, which is able to produce ferulate esterase (FE), the 
studied inoculant is claimed to improve the nutritive value of the resulting grass silage 
through a better cell wall degradability in the rumen. Weinberg et al. (2004) have shown that 
lactic acid bacteria consumed with silage enter the rumen and may survive there. Nsereko et 
al. (2008) examined the activity of 8 FE producing Lactobacilli by in situ incubations and 
found that they all increased 48 h rumen NDF degradability of perennial ryegrass by 9 to 
11%. The studied strains did not affect NDF content of the silage and one strain increased 
NDF content, whereas we found a decrease of NDF content in the treated silage of growth 
stages 1 and 2. In their study however, the control grass silage contained 571 g NDF kg-1 
DM, which is even more than the cell wall content of the last stage in our study. Thus, it 
agrees with our finding that the inoculant has no effect on cell wall content in silage from 
older grass. But also Driehuis et al. (2001) found no effect of /�� EXFKQHUL, with or without 
homofermentative lactic acid bacteria, on NDF content of perennial ryegrass with 438 g NDF 
kg-1 DM, similar to that of the second growth stage in our experiment. In agreement with our 
results, Van Vuuren et al. (1989) found a decrease of NDF content when herbage was 
treated with cell wall degrading enzymes; the effect decreased with increasing maturity and 
DM content of the grass.  

In contrast with Nsereko et al. (2008), who found an increase of NDF degradability with the 
same /��EXFKQHUL strain as present in the inoculant of our study, we did not find an effect of 
treatment on the rumen fermentable NDF fraction at any of the growth stages either after 60 
or 150 d of ensiling. Considering the clear positive effects on silage fermentation quality, 
particularly the increase in acetic acid and the better aerobic stability, one may conclude that 
/�� EXFKQHUL has worked in our experiment. Moreover, it seems that /�� EXFKQHUL has 
developed FE activity during the ensiling process by degrading easily degradable cell walls, 
and so leaving cell walls which were more difficult to degrade in the rumen. Similar 
observations were done by Van Vuuren et al. (1989) treating herbage with cell wall 
degrading enzymes. 

The percentage of rumen FOM is another interesting nutritive parameter because it 
determines microbial protein production. The inoculant had no effect on %FOM at any growth 
stage after 60 d of ensiling, but increased %FOM of the silage from the first and second 
growth stage after 150 d of ensiling. This increase was mainly due to a higher WOM fraction, 
which can be explained by the increase in fermentation products as well as complex sugars. 
The treatment effects for rumen FOM are confirmed by those for in vitro OM digestibility. The 
latter is a measure of digestibility over the whole digestive tract and treatment increased 
OMd after 150 d of ensiling with on average over the 4 growth stages 2.3%-units. 
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���� &RQFOXVLRQ�
By treating wilted grass with the inoculant more sugars were fermented to lactic and acetic 
acid, resulting in a lower pH, less DM-losses and protein degradation and a better aerobic 
stability. The effects on silage quality were more pronounced after 150 d of ensiling than after 
60 d, but this was rather due to the worse quality of the control silage than to a prolonged 
effect of the inoculant. Although wilting grass is a good measure to obtain good quality 
silage, quality can still further be improved by using the inoculant.  

The treatment lowered NDF content of grass harvested at the early growth stages, probably 
by degrading NDF to complex sugars but had no effect on NDF degradability in the rumen. 
The inoculant improved rumen fermentability as well as total tract digestibility of the OM after 
150 d of ensiling. Postponing harvest and correcting the nutritive value of the silage by 
applying 11GFT seems however no option. 
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�� 7KH� HIIHFW� RI� ��*)7� RQ� VLODJH� TXDOLW\�� FKHPLFDO�
FRPSRVLWLRQ�DQG�UXPHQ�GHJUDGDELOLW\�RI�1')�DQG�
20�±�<HDU���

 

���� 0DWHULDO�DQG�PHWKRGV�
 

������ *UDVV�DQG�VHOHFWLRQ�RI�JURZWK�VWDJHV�
At the research farm Bottelare of University College Ghent, a first cut perennial ryegrass 
(/ROLXP�SHUHQQH) was harvested at eight growth stages between the end of April and early 
June 2011. Based on the CF-content, four clearly different growth stages were selected. The 
parcel ryegrass was the same as the first year of trial and received 114 kg N ha-1 in March 
2011. At each harvest date a representative batch of about 150 kg of grass was mown with a 
Haldrup harvester (Inotec, Løgstør, Denmark) around 11:00 AM. Dry matter (DM) yield was 
estimated from the fresh weight of the harvested area and the DM-content of the grass. 
Then, the grass was wilted on the field to obtain a DM-content of about 35%. Wilting lasted 
for 21, 5.5, 4.5 and 13.5 hours, respectively. Afterwards, the grass was cut with a field 
chopper (Sperry New Holland, Zedelgem, Belgium) set at a theoretical length of 24 mm. 

 

������ 0LFUR�VLORV�
The method of making the micro silos was the same as during the first experimental year and 
is explained in part 2.1.2. The reached dry matter varied between 319 g kg-1 for the first 
stage and 398 g kg-1 for the third stage. The density varied from 171 kg DM m-3 for the first 
stage to 187 kg DM m-3 for the third stage. 

Based on the results of the first year and the work load of the LQ�VLWX work, some changes 
were made in the sampling during desiling. All silos were emptied and the grass was 
homogenized in separate boxes. Yeasts and moulds were removed. 4 out of 5 tubes were 
directly selected for further study by eliminating the micro-silo with visible most mould growth. 
These four tubes were individually sampled to analyse the fermentation characteristics and 
aerobic stability. In the first year, more yeasts and moulds were found in the treatment than 
in the control silages. Therefore, it was decided to count the number of yeasts and moulds 
also at desiling, which was not planned in the project proposal. Instead of 3 tubes during the 
first year, in the second year only 2 out of 4 tubes per object were randomly selected to 
determine rumen degradability and chemical composition. Because the results of the first 
year had indicated that effects decreased with advancing growth stage, it was decided to 
examine only one of the two late growth stages and based on the DM content the fourth 
growth stage was selected for further study. Another modification was that in the second year 
chemical composition and in vitro OMd was determined on individual silages instead of on a 
pooled sample. 

The methods of all analyses are explained in part 2.1.2. 

Results were statistically processed using SAS Enterprise Guide 5. A t-test was done to test 
the significance of the difference between treatment and control means within a growth stage 
and ensiling period. The overall treatment effect and the interaction between treatment and 
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growth stage was investigated by an ANOVA model based on 4 replicates (fermentation 
characteristics) or 2 replicates (chemical composition and rumen degradation characteristics) 
within each growth stage. A separate analysis was performed for each ensiling period. If the 
residuals of the ANOVA model were not normally distributed (this was only the case for the 
logarithmic of the moulds and butyric acid), a non-parametric Kruskall-Wallis analysis was 
carried out to investigate the effect of the treatment.  

 

������ ,Q�VLWX�WULDO�
The methodology of the LQ�VLWX work is described in 2.1.3. During the second experimental 
year in total 24 objects (3 growth stages x control vs. treatment x 2 ensiling periods x 2 
replicates) were studied. 

Concerning the incubation times, the 72 h incubation was considered of less importance for 
the derivation of the degradation characteristics. This resulted in 5 incubation times: 0, 8, 24, 
48 and 336 hours and a total of 456 bags to weigh. By reducing the number of bags, all 
incubation times could be done in 2 series. 

 

���� 5HVXOWV�DQG�GLVFXVVLRQ�
The cutting and ensiling dates of the grass at the 4 growth stages selected for further study 
are presented in Table 6, together with the yield and the main chemical parameters of the 
grass after wilting.  

 M. �*�� �1>2M;���2/'�����^�� �� O��)�)�@ �"�#l��"4��� � � "��C#� )�	�)�(��/N�5���2/5� �P�4�@��4�^%����	��"�"��  ��.� 3������	 )�4�l� "1�5���2����4��"�#j3��4 ��@��/;�5�5�  ����� ����#.� 320� E�	�	����3�� ��� #2 �"�#$�����01� ) ��E4�.01%������ �5� ��"

�
0RZLQJ�
'DWH�

(QVLOLQJ�
'DWH�

<LHOG� '0� &)� 1')� 6XJDU�
�NJ�'0�KD R S �� �J�NJ R S �� �J�NJ R S �'0��

6W��� 26/04/11 27/04/11 4 570 319 219 482 106 

6W��� 23/05/11 23/05/11 10 000 335 248 502 173 

6W��� 30/05/11 30/05/11 10 950 398 266 nd 176 

6W��� 08/06/11 09/06/11 9 900 345 305 574 130 

nd: not determined 

The number of yeasts and moulds in the grass was quite similar to that during the first year 
at all stages, except for the yeasts at the 4th stage, when the number was low (Table 7). The 
inoculant contained, according to the label, 1.1E+11 cfu LAB g-1 powder, whereas by counting 
only 1.3E+09 cfu LAB g-1 powder was found. Following the recommendation of the 
manufacturer, 1.3E+03 cfu LAB were added per gram grass. The number of LAB of the control 
was already quite high at all stages, especially the first stage. Treatment with the inoculant 
highly raised the number of LAB in the 3rd stage, to a lesser degree in the 2nd and 4th stage, 
while a lower number than in the control was found in the first growth stage, although the 
differences were small. 
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M. �*�� �lAl:���01*����X��/�3��� E�4�P��T602����� #��l �"�#aV4W!Im��"l�5���1�4�	 �� ��� "��a0� E�	���5�  �����/n�5���(9l�+������� "��C�4�	 ����E�C��/n����4��"�#3��4 ��+��/��5�5�  ��

� <HDVWV�
FIX�J o p �

<HDVWV�
ORJ��FIX�J o p ��

0RXOGV�
FIX�J o p �

0RXOGV�
ORJ��FIX�J o p ��

/$%�&�
FIX�J o p �

/$%�7�
FIX�J o p �

6WDJH��� 7,50E+04 4.88 5,80E+04 4.76 8,00E+04 2,30E+04 

6WDJH��� 1,80E+05 5.26 1,10E+04 4.04 2,60E+03 1,00E+04 

6WDJH��� 5,10E+05 5.71 4,50E+04 4.65 2,00E+03 1,70E+06 

6WDJH��� <100 < 2.00 1,00E+05 5.00 2,20E+03 1,00E+04 

 

������ <HDVWV�DQG�PRXOGV�
Because in the first experimental year a lot of mould was found in the grass, in the second 
year yeasts and moulds were also counted on the ensiled material (Table 8). The number of 
yeasts and moulds decreased during ensiling. Compared with the control, the inoculant 
increased the number of yeasts in the first two stages, but only significantly (S < 0.05) for the 
first stage after 60 days of ensiling. In the third and fourth stage there was rather a decrease 
than an increase of yeasts. For the moulds there was also no clear effect determined, only a 
tendency for less moulds after 150 days of ensiling (S = 0.09). 

 M. �*�� �$G�q@�) 4�)�	�$ �"�#l02�+��� #��(��/;�5���$)�+"4�'�'�.�� �"�#(�'�	�4 E���4#1��� � ���4#l�.�	 )�)�$��� �  ����$ )�691�������,�'�$�4�	 ����E�1 �"�#l E/P�	���6 �"��"4��� � � "��(%����5� ��#2U�d;e�Y.��/���� ��������>)f&�+�6
r<�f&#

  EP 
(d) 

Stage 1 Stage 2 Stage 3 Stage 4 
SEMa Tb TxSc 

  C T C T C T C T 
Yeasts 60 2.3E+04 6.7E+05 7.0E+04 1.9E+06 1.6E+06 3.6E+05 1.8E+04 3.5E+03    
cfu g-1 150 6.5E+04 1.0E+05 1.5E+05 8.3E+05 5.1E+05 2.6E+04 1.5E+02 9.1E+03    
Moulds 60 3.9E+04 3.7E+04 4.5E+03 <100 1.2E+03 1.8E+02 <100 7.4E+02    
cfu g-1 150 4.5E+04 1.6E+02 9.0E+02 <100 <100 2.8E+02 5.4E+02 1.7E+03    
Yeasts 60 3.13 5.32ns 3.47 5.92* 5.95 5.54ns 4.06 3.41ns 0.252 * ** 
Log cfu g-1 150 4.06 4.94ns 5.02 5.74ns 5.56 3.10* 1.98 3.00ns 0.277 ns ** 
Moulds 60 3.51 4.47ns 3.23 1.65ns 3.04 1.93* 1.65 2.54ns 0.203 ns nd 
Log cfu g-1 150 4.10 1.91* 2.44 1.65ns 1.74 1.99ns 2.50 2.72ns 0.170 0.09 nd 

a: standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 

ns: not significant if S > 0.10; 

* significant at S ��0.05; 

** significant at S ��0.01; 

nd: not determined because of non-parametric Kruskall-Wallis analysis 
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������ &KHPLFDO�FRPSRVLWLRQ�DQG�LQ�YLWUR�20�GLJHVWLELOLW\�
The chemical composition and in vitro OM digestibility of the grass silages at the 3 growth 
stages and after the 2 ensiling periods are presented in Table 9.  

 M. �*�� �]F]�^����01� 4 ��64�.01%������ �5� ��"_ �"�#`� "]O�� �'�'�a�,�&#b��/8)�+")�'�'���; �"�#c�'�	�4 )�	��#_��� � �	��#b�.�� E���C��� �  ����_ E�87C�+���4�,�5��4�	 ����)�� �"�#2 )/P������ �"���"���� � � "��(%������ �.#2U�d;e�Y���/���� �5�����+>4f&���6
Q<4f�#$U	0��4 �"4����/+-�01� ������ ��� � ����Y

  EP (d) 
Stage 1 Stage 2 Stage 4 

SEMa Tb TxSc 
  C T - C C T - C C T - C 
Dry matter 60 323 +12*** 338 +5** 347 +6*** 5.6 *** *** 
g/kg 150 312 +9*** 334 +8* 346 +15*** 6.0 *** *** 
NDF 60 397 -13** 494 -10ns 578 +4ns 23.3 * * 
g/kg DM 150 385 -3ns 485 -4ns 585 -10ns 24.2 ns ns 
Crude ash 60 100 -4ns 75 -3** 68 -1ns 3.9 * ns 
g/kg DM 150 99 -1ns 80 -9ns 71 -2* 3.7 ** ns 
Crude protein 60 238 -22ns 146 -13* 110 -7* 15.5 *** * 
g/kg DM 150 242 -20ns 147 -16ns 117 -14* 15.9 *** ns 
Crude fibre 60 236 -8ns 276 -15ns 337 -15ns 12.3 * ns 
g/kg DM 150 235 -10ns 276 -15* 321 -19* 10.4 *** ns 
Sugars 60 71 -56*** 65 +1ns 11 +20** 7.6 * *** 
g/kg DM 150 53 -35* 51 +7ns 7 +10* 6.1 ns ** 
Crude Fat 60 42 +11** 33 +5ns 28 -1ns 2.8 *** *** 
g/kg DM 150 48 +6ns 37 -1ns 31 -3ns 2.8 ns 0.06 
FP 60 102 +70* 116 +28* 117 +1ns 7.1 *** ** 
g/kg DM 150 103 +54* 110 +44** 89 +33* 7.7 *** ns 
RNSP 60 48 +15ns 71 -10ns 86 -18* 3.8 ns * 
g/kg DM 150 67 0ns 87 -20ns 95 -12ns 4.1 ns ns 
OMd 60 86.5 +0.2ns 74.8 +0.8ns 58.3 +3.2** 3.31 ** ** 
% 150 87.8 +0.1ns 75.4 +0.9ns 58.4 +3.2ns 3.46 * * 
VEM 60 1024 +5ns 947 +9ns 813 +28** 25.0 ** * 
VEM kg-1 DM 150 1036 +2ns 947 +16ns 810 +29* 26.6 ** 0.05 

a: Standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 

ns: not significant if S > 0.10;  

*: significant at S �������  
**: significant at S �������  
***: significant at S �������� 
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The DM-content of the control silage either after 60 d or 150 d of ensiling (Table 9) was 
similar to the DM-content of the wilted grass at ensiling (Table 6).Treatment with the 
inoculant significantly (S � 0.001) increased DM-content at all stages and for both ensiling 
periods.  

Compared with the grass at ensiling, the NDF content of the silages of the first stage was 
considerably lower, whereas for the second and fourth stage NDF content was similar. 
Treatment with the inoculant decreased the NDF-content after both ensiling periods, but only 
significantly (S � 0.05) after 60 d of ensiling. The latter was mainly due to the significant lower 
NDF-content at the first growth stage. 

Addition of the inoculant decreased the ash content significantly (S � 0.05) after 60 d and (S � 
0.01) after 150 d of ensiling. However, from a practical point of view the differences were 
small. 

The protein content of the control silage decreased with later harvesting. Treated silages had 
a significantly (S � 0.001) lower protein content after both ensiling periods.  

The sugar content of the control silage after 60 d was clearly lower (Table 9) compared with 
that of the grass at ensiling (Table 6). Longer ensiling further decreased sugar content. 
Treatment with the inoculant highly decreased the sugar content in the first growth stage 
after both ensiling periods, whereas sugar content was similar in the second stage and 
somewhat higher in the fourth stage. This resulted in a highly significant interaction between 
treatment and growth stage (S � 0.001), but only a small negative overall effect of the 
treatment after 60 d of ensiling (S � 0.05). 

Crude fat content was only in the first growth stage and after 60 days of ensiling highly 
significantly (S � 0.001) increased by the treatment, which resulted in a highly significant 
overall effect as well as a highly significant interaction between treatment and growth stage 
(S ��������� 
The content of fermentation products (FP) of the control silage after 60 d varied between 102 
g kg-1 DM at stage 1 and 117 g kg-1 DM at stage 4. Addition of the inoculant highly increased 
(S ���������)3�DW�DOO�VWDJHV and after both ensiling periods.  

The inoculant didn’t affect the content of RNSP either after 60 d nor after 150 d. However, for 
stage 2 and 4 there was a tendency to a decrease which was significant after 60 d for stage 
4.  

The cellulase OM digestibility (OMd) of the control silage decreased gradually from stage 1 
to stage 4. The OMd was, especially in stage 4, higher with the inoculant than with the 
control, with an overall significance level of S �������DIWHU����G�DQG�S �������DIWHU�����G� 
The estimated VEM value of the treated silages was significantly (S ��������KLJKHU�WKDQ�WKDW�
of the control silages at the fourth growth stage after both ensiling periods. 

 

 

 �
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������ 6LODJH�IHUPHQWDWLRQ�TXDOLW\�
The weekly DM losses of all micro-silos increased linearly from week 1 to the opening of the 
silos after both 60 and 150 d of ensiling. For the control silages after 60 d ensiling losses of 
the second and third stage increased gradually up to 8 weeks after ensiling (Figure 12). The 
losses were higher with advancing harvest stage, with very low losses for the first stage and 
high losses for the fourth stage, already soon after ensiling. The DM-losses of the fourth 
stage had a steep increase in the first week, but a smoother increase in weeks 2 to 8. 
Treated silages of the first stage had permanently higher DM-losses than the control, in 
contrast to the other stages, where losses were almost immediately lower than the control, 
with a significant difference (S �������) after 1, 3, 4 and 2 weeks for stages 1, 2, 3 and 4, 
respectively. 

The DM-losses of the control silages ensiled for 150 d (Figure 13) increased gradually for 
stages 2 and 3 but with a steeper slope for stage 3, while stage 4 showed a steep increase in 
the first week and a smoother increase from 1.5% at week 2 to 2.5% at opening of the silos. 
Control silages of stage 1 had lower losses than the treated ones (S ����������EXW�GLIIHUHQFHV�
became smaller from week 11 onwards and were not significantly different from week 15. 
Treatment at the other stages significantly decreased DM-losses from week 14 (S ���������
week 6 (S ��������DQG�WKH�VWDUW��S����������IRU�VWDJHV������DQG����UHVSHFWLYHO\� 
The final weight loss of the control silages after 60 d of ensiling varied from 0.4% for stage 1 
to 2.5% for stage 3 (Table 10). Longer ensiling increased weight losses particularly for 
stages 2 and 3, when losses almost doubled. The inoculant significantly (S �� �������
decreased losses, except for stage 1. 
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 ��� �����	��
E7������'0���"��	 )�5� �."$� ���4�4�)����/.�����8���44��"�#�3��4 ��+���	 )�)�2��/��5���89��+�����,�'���4�	 ����E�� E/P�	���;
r<�f&#� )34����/���"���� � � "��

 

The pH of the control silage after 60 d of ensiling varied between 4.31 for stage 3 to 4.51 for 
stage 2 (Table 10). As in the first year of trial, longer ensiling increased pH with 0.2 to 1.3 
units; the greatest increase was observed for stage 3. Treating grass significantly (S ���������
decreased pH at all stages and for both ensiling periods. The effect varied from 0.4 to 1.7 
units and was most pronounced for the long ensiling period.  

Lactic acid content of the control grass silage decreased with later harvest date. The 
inoculant highly increased (S ���������ODFWLF�DFLG�content for both ensiling periods. Compared 
with the first trial year the effect didn’t decrease with later harvest date, despite the high 
significant interaction between treatment and growth stage for the long ensiling period. 

Acetic acid content of the control grass silage after 60 d varied between 12 g kg-1 DM for 
stage 3 to 21 g kg-1 DM for stage 1. Longer ensiling decreased the content at all stages. The 
addition of the inoculant significantly increased acetic acid content with S �������after 60 d 
and S ��������after 150 d of ensiling.  

Butyric acid was only detected in the control silages of the fourth stage, but not in the treated 
ones.  

Propionic acid was not detected in any of the control or treated silages. 

The total alcohol content of the control silages after 60 d varied from 14 g kg-1 DM for stage 1 
to 38 g kg-1 DM for stage 3. Longer ensiling increased alcohol content, particularly for stage 3 
when the content almost doubled. Treatment significantly (S �� 0.001) lowered alcohol 
content, except for the first stage, where treatment increased alcohol content. 

The ammonia fraction of the control silage after 60 d increased gradually with later 
harvesting, from 8.1% in the first stage to 12.5% for the fourth stage. Treatment with the 
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inoculant significantly (S �� ������� GHFUHDVHG� WKH� DPPRQLD� IUDFWLRQ� IRU� DOO� VWDJHV� DQG� ERWK�
ensiling periods. 

Aerobic stability of the control silage after 60 d was fairly constant among the stages to about 
40 h. Longer ensiling increased aerobic stability in all stages, especially for the last stage, 
where no increase in temperature was measured during the 7 d of measurement. In contrast 
to the first year of trial, addition of the inoculant had no significant effect after 60 d of ensiling. 
Treatment improved stability for the third and fourth stage, but not in the first and second 
stage. After 150 d of ensiling, aerobic stability was only better for the treated silages in the 
third stage. 

 M. �*�� ��
Ef&g@� �  ����&/����50���"4�� Q��� ��"�h��� �� � �P3���/+4��"��'�����E �"�#��5�	�4 E���4#���� � ���4#$�+�	 E�4�&��� �  ����� )�.9����'���!�����)�� 4���E�� �"�#$ )/P�	��� �"���"���� � � "��(%����5� ��#2U'd;e�Y���/+��� �'�����+>4f&���6
Q<�f&#

  EP 
(d) 

Stage 1 Stage 2 Stage 3 Stage 4 
SEMa Tb TxSc 

  C T – C C T - C C T - C C T - C 
Final Weight 60 0.4 +0.3*** 1.8 -0.9** 2.5 -1.5** 2.1 -1.2*** 0.34 *** *** 
losses % 150 0.9 0ns 2.5 -1.2* 4.2 -3.0*** 2.5 -1.5*** 0.63 *** *** 
pH 60 4.42 -0.48* 4.51 -0.64*** 4.31 -0.40*** 4.45 -0.65*** 0.051 *** ** 
  150 4.62 -0.65*** 4.72 -0.83*** 5.62 -1.68*** 4.95 -1.13*** 0.109 *** *** 
Lactic Acid 60 74 +44*** 60 +44*** 58 +29*** 48 +36*** 4.1 *** * 
g/kg DM 150 66 +33** 46 +60*** 20 +62*** 28 +60*** 5.6 *** *** 
Acetic Acid 60 21 +7ns 20 0ns 12 +5** 14 +1ns 0.9 ** * 
g/kg DM 150 20 +7** 18 +7*** 6 +17*** 6 +12*** 1.4 *** *** 
Butyric Acid 60 0 0 0 0 0 0 18 -18* 1.1 * nd 
g/kg DM 150 0 0 0 0 0 0 27 -27* 1.6 * nd 
Alcohols 60 14 +10*** 31 -11* 38 -23* 32 -15*** 1.6 *** *** 
g/kg DM 150 19 +2ns 46 -24* 73 -55*** 30 -13*** 3.3 *** *** 
Ammonia 60 3.92 -2.55*** 3.22 -2.41*** 1.80 -1.08*** 2.79 -1.83*** 0.205 *** *** 
g/kg DM 150 4.23 -2.56*** 3.09 -2.12*** 1.89 -0.93*** 3.02 -1.93*** 0.204 *** *** 
NH3-N/N 60 8.1 -5.1*** 11.1 -8.1*** 7.9 -4.6*** 12.5 -8.0*** 0.64 *** *** 
% 150 8.4 -4.9*** 10.5 -6.9*** 8.1 -3.7*** 13.6 -8.2*** 0.61 *** *** 
Aerobic Std 60 43 -11ns 40 -5ns 37 +23** 38 +33ns 3.5 0.10 * 
Hours 150 52 -10ns 68 -25ns 49 >122*** >170 140-C* 12.9 * *** 

a: standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 
d: Aerobic stability was measured for a maximum of 170h 

* significant at S ��0.05; 

** significant at S ��0.01; 

*** significant at S ��0.001; 

nd: not determined because of non-parametric Kruskall-Wallis analysis 
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The number of LAB counted in the inoculated grass silage was higher than the already quite 
high number of LAB counted in the control silages, although the number of LAB added with 
the inoculant was lower than the number the manufacturer claimed on the ticket. 
Notwithstanding the good quality of the control silage after 60 d of ensiling, treatment clearly 
improved all fermentation characteristics. The inoculant decreased weight losses, which 
resulted in a higher DM content of the silage, especially in the third stage (increase DM 
content of 11 g kg-1 after 60 d and 26 g kg-1 after 150 d, not published). It increased lactic 
acid content. The effect of the treatment was, like in the first year, more pronounced for the 
first two growth stages, as the content of lactic acid of the control silages after longer ensiling 
was clearly lower than the content after 60 d of ensiling. It also increased acetic acid content, 
but mostly after the longer ensiling period and less pronounced than the first year. The 
increase in the production of acids was reflected in a decrease of pH. Ammonia and 
ammonia fraction were significantly lower in all stages, what means that there was less 
protein degradation in the treated silages and thus that undesirable organisms like 
enterobacteria were inhibited (Oude Elferink et al. 2000). However, alcohol content was not 
consistently decreased. On the contrary, the addition of the inoculant increased the alcohol 
content in the first stage. On the contrary, especially for the younger growth stages the 
number of yeasts was higher in the treated silages. This is however in agreement with the 
results of Weinberg et al. (1995) who found more yeasts in peas and wheat silages when a 
mixture of cellulase and hemicellulase was used. These enzymes are also cell-wall 
degrading enzymes like ferulate esterase, produced by the added /��EXFKQHUL.  
The heterofermentative bacterium /��EXFKQHUL is known as a producer of acetic acid (Oude 
Elferink et al. 2001; Holzer et al. 2003). However, the increase of acetic acid was not as high 
as the increase of the first year. Perhaps this was due to the lower number of LAB added by 
the inoculant. Filya et al. (2006) reported in a study of the recommended dose of /��EXFKQHUL 
that the higher the number of bacteria added, the higher the effect was. In the latter study, 
more acetic acid content was found with raising number of added /�� EXFKQHUL. Due to the 
higher number of LAB in the control silages, the added bacteria and especially /��EXFKQHUL 
had probably more difficulties to develop and overpower the other LAB in the silage, as /��
EXKQHUL is known as a slowly growing bacterium (Schmidt et al. 2009). This is the case 
especially for the first stage, were the number of LAB was quite similar for control and 
treatment, which can be seen in the lower increase of acetic acid content and increase of 
alcohol content. Also the aerobic stability was not affected in the first two growth stages. In 
the last two growth stages, the number of LAB was more different, treatment compared to 
control, which can be seen in the higher increase of acetic acid, lower alcohol content and 
higher aerobic stability. 

Addition of the inoculant decreased NDF content, especially in the younger stages., whereas 
RNSP content was not changed. 

 

������ 5XPHQ�GHJUDGDELOLW\�RI�1')�DQG�20�
The potentially degradable fraction as well as the degradation rate of NDF in the rumen 
decreased with later harvesting date (Table 11). As a result, the rumen fermentable NDF 
fraction decreased from 55.5% for the first stage to 35.6% for the last stage. The inoculant 
had no effect on DNDF nor on kdNDF of the grass silage after both ensiling periods. Treatment 
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had no effect on the rumen degradable NDF fraction at all growth stages after 60 d of 
ensiling, but tended to increase this fraction after long ensiling. 

Treatment with the inoculant did not affect any of the OM-degradation characteristics after 60 
d of ensiling. On the other hand after longer ensiling, treatment tended to decrease WOM and 
significantly (S ������� increased DOM, resulting in a higher %FOM and FOM-content at stage 
2 and 4.  

 M. �*�� �`
�
a?���0���"`#��4�+�	 4#� E��� �+"`��� ��	 �Q�����5� �4�5� Q�`��/2:�i��s �"�#t�,�u��/�)�+"4�'�'���@ �"�#`�5�	�E )�	��#s��� � ���4#t���� E�4�s )��7���'�4�!�����E�� 4���E�� �"�#2 )/P������ �"���"4��� � � "��(%����5� ��#2U'd;e�Y���/+��� �'������>4f&���6
E<4f&#

 EP  
(d) 

Stage 1 Stage 2 Stage 4 
SEMa Tb TxSc 

 C T - C C T - C C T - C 

DNDF 60 84.1 -2.0ns 69.8 +4.1ns 57.8 +6.0ns 2.90 ns ns 
% 150 83.3 -1.2ns 69.5 +5.1ns 63.9 +4.1ns 2.29 ns ns 

kdNDF 60 4.12 +0.45ns 3.70 -0.07ns 3.17 -0.41ns 0.188 ns ns 
% hour-1 150 3.85 +0.03ns 3.44 -0.01ns 2.72 -0.02ns 0.156 ns ns 
FNDF 60 55.5 -0.1ns 45.0 +2.4ns 35.6 +2.3ns 2.34 ns ns 
% 150 54.1 -0.6ns 43.9 +3.1ns 37.7 +2.3ns 1.88 0.05 ns 
FNDF 60 221 -8ns 222 +7ns 206 +15ns 2.8 ns ns 
g kg-1 DM 150 208 -4ns 213 +13ns 221 +9ns 3.3 ns ns 

WOM 60 36.1 -2.5* 27.6 +2.4ns 18.7 +0.7ns 0.256 ns * 
% 150 35.8 -2.5ns 27.5 -0.2ns 21.6 -1.2ns 0.250 0.08 ns 

DOM 60 51.8 +1.2ns 50.3 +1.1ns 47.6 +4.5ns 2.00 ns ns 
% 150 50.5 +3.0** 48.9 +4.7ns 48.2 +5.9ns 1.70 * ns 

kdOM 60 5.21 +0.87ns 4.48 -0.18ns 4.09 -0.50ns 0.75 ns 0.09 
% hour-1 150 5.33 -0.06ns 4.43 +0.02ns 3.37 +0.07ns 0.85 ns ns 
FOM 60 63.9 +0.1ns 52.6 +2.4ns 41.3 +1.2ns 2.73 0.08 ns 
% 150 63.1 -1.0ns 51.7 +2.1ns 42.1 +1.6ns 2.43 * * 
FOM 60 575 +3ns 487 +24ns 385 +12ns 23.2 0.06 ns 
g kg-1 DM 150 569 -8ns 476 +24* 391 +16ns 20.6 ** ** 

a: standard error of the mean;  
b: significance of treatment effect;  
c: significance of interaction between treatment (T) and growth stage (S) 

ns: not significant if S > 0.10; 

*: significant at S � 0.05; 

**: significant at S � 0.01; 
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���� &RQFOXVLRQ�
Somewhat less pronounced than in the first experimental year, treatment of the wilted grass 
with the inoculant resulted in a more fermentation of sugars to lactic and acetic acid, resulting 
in a lower pH, less DM-losses and protein degradation. The effect of the inoculant is similar 
for both ensiling periods. The aerobic stability of the treated silages was lower in the younger 
stages, but higher in the older ones. Longer ensiling improved aerobic stability. 

The treatment decreased NDF content of the grass only significantly at the first growth stage 
after 60 d of ensiling and had no effect on any of the NDF degradation characteristics. On the 
other hand, the addition of the inoculant tended to improve OM degradation in the rumen and 
significantly improved in vitro OM-digestibility after both ensiling periods. 
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�� (IIHFW� RI� ��*)7�WUHDWHG� JUDVV� VLODJH� RQ� GDLU\�
FDWWOH�SHUIRPDQFHV�

 

���� $LP�RI�WKH�WULDO�
The effect of adding ferulate esterase (FE) producing /��EXFKQHUL on grass during the ensiling 
process on roughage intake and milk production performances of dairy cows was 
investigated on the experimental farm of ILVO Animal Sciences. 

 

���� 0DNLQJ�WKH�H[SHULPHQWDO�JUDVV�VLODJHV�
In the spring of 2010 three grass silages were produced in preparation of a dairy trial running 
in the winter of 2010-2011. When processing the final animal production results, it was highly 
suspected that the control silage was contaminated, which was confirmed after analysis of 
both the control and the treated silage on the presence of /��EXFKQHUL and the enzyme FE. 
Budget was found for a repetition of the trial that has been set up in the winter of 2011-2012.  

Therefore, a second cut Italian ryegrass (/ROLXP�PXOWLIORUXP) was ensiled on 3 June 2011 in 
two silos: 1) control silage and 2) silage treated with the inoculant 11GFT (ferulate: FE 
silage) (2.1.2, p.10). To avoid any contamination of the control silage, two choppers and 
separate tractors to compact the grass were used. Figure 14 demonstrates chopping the 
grass of the treated silage. The chopper was equipped with a spray system at the front, 
which sprayed the product on the grass to chop. The grass had a DM-content of 550 g kg-1. 

 

 

 

The left picture of Figure 15 shows the compaction of the control silage and the right photo 
the compaction of the treated silage. It was noted that the treated grass stuck more to the 
wheels than the untreated grass. 

Samples were taken from both grass silages to count yeasts, moulds and LAB (Table 12). 
Results showed that treatment with the inoculant raised the number of LAB in comparison 
with the control. 

 

��� �����	� 
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 M. �*�� �(
Q-2�����."4�P�1��/;34�� E�4�P��T�02����� #��$ �"�#]�  4E�5� � ��� #]*� 4E�	���5�  $U�V4W^I@YN� "()��� ��"432/��.�501� "��l�."�� �P�j%����N�.�	 �0w���	 E���U	Q/5��� [ \ Y.� "8��� � ���4#$�.�� E�4����� �  4�.�E�&/'����������#� �� � 3&���5�  ��

� <HDVWV� 0RXOGV� /$%� /$%�
&RQWURO� )HUXODWH�

,/92�JUDVV�
VLODJH� 4,0E+03 4,4E+04 1,9E+03 1,3E+04 

 

After an ensiling period of 150 days the dairy trial with the grass silages was started. 

 

���� 7ULDO�VHW�XS�
Eighteen lactating Holstein cows (10 primiparous and 8 multiparous) were used in a cross-
over design with two periods. After a pre-adaptation period, before the first period, the cows 
were divided in two similar groups based on parity, milk production, milk fat and milk protein 
content, body weight and number of days in lactation. Each period consisted of three weeks: 
week 1 was an adaptation week, followed by two experimental weeks (week 2 and 3) during 
which samples were taken and intake was noted. Cows were housed in a tie stable allowing 
to feed them individually (Figure 16). 

 

 

��� �����	� 
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The basal ration consisted of grass silage (GS), either without (control) or with FE and maize 
silage (MS) in a ratio of 50/50 on DM-basis, supplemented with balanced and low protein 
concentrates, a soybean/rapeseed meal mixture and formulated soybean meal (Mervobest). 

During the adaptation week (week 1), cows were fed the basal ration ad libitum. Based on 
the maximum roughage intake, the amount of concentrates was individually fixed for the next 
two weeks (week 2 and 3). The ration was formulated to meet 105% of the individual VEM- 
and DVE- requirements and an OEB of 125-130 g day-1. Roughages were offered twice daily, 
at about 8:30 AM and at about 3:00 PM (Figure 17). Urea was added to the roughage (in two 
turns spread over the roughage). The concentrates were fed in 2 meals during the morning 
and evening milking (5:00 AM and 5:30 PM). To correct for the decreasing phase of the 
lactation, the amount of concentrates was decreased after the first period with a VEM/DVE 
and OEB equivalent of 0.6 kg and 0.3 kg balanced concentrates per day for the multiparous 
cows and primiparous cows respectively.  

 

 

 

���� )HHG�VDPSOLQJ�DQG�REVHUYDWLRQV�
 

������ )RRG�
During the trial weeks (weeks 2 and 3) all roughages and concentrates were sampled. The 
GS were sampled twice a week, MS and concentrates once a week. Samples of the 
roughages were then pooled per period for analysis. Based on the chemical analysis of the 
feed samples, the VEM, DVE and OEB was estimated. At the end of the week, feed residues 
were removed and weighed. When large amounts of orts were present, a sample was taken 
for DM determination in order to correct DM intake. 

 

������ 0LON�
The individual milk production of each milking was noted. During the trial weeks, milk 
samples were taken from 4 consecutive milkings from Monday evening to Wednesday 
morning and milk composition was analysed with FTIR (Fourier Transformed InfraRed 
Spectrometry). 

��� �����	� 
EA e;����O.� #�� "��$��/��5�����'�.������ 4���)�&�'���5����)���8�2� "&�'���  ��



 Scientific End Report Ferulate esterase   

42 
 

������ %RG\�ZHLJKW�
All cows were weighed on 2 consecutive days at the start and at the end of each trial period. 

 

���� 5HVXOWV�DQG�GLVFXVVLRQ�
The addition of FE to wilted grass silage clearly resulted in a lower pH, higher acetic and 
lactic acid contents than in the control silage (Table 13).  

 M. �*�� ��
E7������'0���"��	 )�'� ��"���� ��� 4E�	���5� �)��� E����/.�5���8��� � �	��#$���	 )�)����� �  ����4����"���� � �4#���� �����.����� ����������/	���5���  )�	�&�)�)�����	 )���

� &RQWURO�VLODJH� )(�VLODJH�
S+�� 4.5 4.0 

$FHWLF�DFLG��J�NJ o p �'0�� 14.5 21.8 

/DFWLF�DFLG��J�NJ o p �'0�� 42.3 69.2 

$OFRKROV��J�NJ o p �'0�� 6.3 2.4 

$PPRQLD�IUDFWLRQ��
���RI�WRWDO�1�� 6.5 7.4 

 

Table 14 presents the chemical composition and the nutritional value of both grass silages. 
The DM content in the FE silage was 2%-units higher than in the control silage. It is 
important to note that the samples of both silages had a similar DM content during the first 
period, while the control silage had a clearly higher moisture content in the second period. 
Therefore, the data for each period were processed separately. With exception of the lower 
sugar content in the FE silage, chemical composition of treated and untreated grass silage 
was very similar. This was also the case for OMd and the estimated VEM, DVE and OEB 
values. 

 M. �*�� ��
r9��^����01� 4 ��))�.01%������ ��� �+"� �"�#(".�)�'��� ��� ��"� ��vO� �� ������/��'���,��� � �	��#$���	 )�)����� �  4���4����"4��� � �4#���� �'���.����� �5�����4�;��dU	�(�Q� [ \ i@�&Y

 &RQWURO�VLODJH )(�VLODJH 

'0��J�NJ o p �� 493 512 

&3�� 113 110 

&)� 269 261 

1')� 490 481 

6XJDU� 100 72 

20G����� 73.4 73.6 

9(0��9(0�NJ o p �� 923 928 

'9(Q� 54 56 

2(%Q� -9 -13 
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The chemical composition and nutritive value of both rations were highly comparable (Table 
14). The OEB calculated according to the old protein evaluation system (Tamminga et al. 
1994) resulted in negative values for both rations. However, these findings had to be 
nuanced, as the urea content in the milk did not indicate an inadequate protein supply. 
Besides, there is a clear DVE surplus in the ration. Presumably, there was no N-shortage in 
the rumen and the estimation of the DVE and OEB according to the new evaluation system 
(Van Duinkerken et al. 2011) seems to be closer to the truth with an OEB surplus of 101 and 
81 for the control and FE group respectively (Table 15). 

The cows in the FE group had a numerically higher intake of grass silage and concentrates, 
but a significantly lower intake (0.2 kg) of maize silage, resulting in a similar total DM-intake 
of 20.8 kg (Table 15). Also none of the studied production parameters were affected by the 
treatment. There was only a tendency for a higher milk production in the FE group (S = 0.07). 
The milk fat, milk protein and milk urea content as well as the Fat Protein Corrected Milk 
(FPCM) were not significantly different. The body weight gain in the FE group was some 200 
g lower than in the control group, but the difference was not significant. These results are 
comparable to the results of Van Rossum et al. (2010) who also found no significant effect of 
ferulate-esterase inoculation of grass silage on DMI, milk yield or body condition of dairy 
cows. 
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M. �*�� �y
Q<y?; )�5� ��"y4�.01%������ �5� ��"�TX/	�4�4#z� "4�� ��Q�m �"�#Z%����P/'�.��0� �"�4�E�k*�3{#� �� � 3k)���8�m/	��#|���	 )�)�m��� �  ����s��� �������)�U	)��"4�'���+� Y� �"�#���� �5�$� "�������  �"�� ��U'��d�Y

 &RQWURO )( 06( p  

5DWLRQ�FRPSRVLWLRQ��J�NJ } ~ �'0�� � � �
CP 155� 153 -�
CF 197� 194� -�
NDF 380� 378� -�
VEM (VEM kg-1 DS) 980� 990� -�
DVEo  93.5 94.4 - 

OEBo -1 -4 - 

DVEn 89.1 89.6 - 

OEBn 5 4 - 

'DLO\�IHHG�LQWDNH��NJ�� � � �
Total DM intake 20.8� 20.7� 0.6�
������0DL]H�VLODJH� 7.7a 7.5b 0.3�
������:LOWHG�JUDVV�VLODJH� 7.9� 8.0� 0.3�
������&RQFHQWUDWHV� 5.2� 5.3� 0.1�
VEM (kVEM) 20.8� 20.8� 0.6�
VEM (% of requirements) 123� 121� 5�
DVEo  1.94� 1.96� 0.05�
DVEo (% of requirements) 130� 129� 7�
OEBo (g day-1) -41c -79d 24�
DVEn  1.84� 1.86� 0.04�
DVEn (% of requirements) 124� 122� 7�
OEBn (g) 101c 81d� 20�
3HUIRUPDQFHV� � � �
Milk production (kg day-1) 22.4� 22.9� 1.1�
Fat content (%) 4.59� 4.51� 0.19�
Protein content (%) 3.88� 3.87� 0.09�
FPCM (kg day-1) 24.4� 24.8� 1.3�
Milk urea content (mg L-1) 273� 271� 25�
Weight changes (kg day-1) 0.71� 0.48� 0.61�
1 Root residual mean square 
a,b Values that are significantly different S<0,05 ;  
c,d Values that are significantly different S< 0,01 
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���� &RQFOXVLRQ�
Although the addition of the inoculant resulted in grass silage with better fermentation 
characteristics (lower pH, higher lactic and acetic acid) compared with untreated grass 
silage, no significant effects on DM-intake nor milk production performances were found 
when incorporated as half of the basal ration and more than one third of the total ration. 

 

�� *HQHUDO�FRQFOXVLRQV��
 

From the studies in micro-silos during two years, it is clear that the addition of 11GFT to 
wilted grass resulted in a clearly better silage quality (less DM-losses, more lactic and acetic 
acid, a lower pH, less protein degradation) and aerobic stability. The NDF-content of the 
grass harvested at a young growth stage was partly degraded to complex sugars. NDF and 
OM rumen degradation characteristics were not affected by the inoculant after the short 
ensiling period, whereas after the long ensiling period OM degradability increased for the first 
two growth stages and in vitro OM digestibility for all growth stages. Feeding treated grass 
silage, harvested at moderate late growth stage, to dairy cows did not result in a higher 
roughage intake and better milk production performances.  
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3DUW�,,�7KH�XVH�RI���&)7�IRU�0DL]H�6LODJH�
 

�� ,QWURGXFWLRQ�
Ensiling is a common preservation method for most forage crops. It is based on LAB 
converting sugars into organic acids, mainly lactic acid, under anaerobic conditions. As a 
result, pH decreases and the forage is preserved (McDonald et al. 1991). 

Beside grass and grass silage maize silage is the second most important forage for dairy 
cows in Northern Europe. The stage of maturity of the maize (early dent to blackline stage) 
and circumstances at harvest, together with the ensiling practices are major factors in 
determining the nutritive value of maize silage. When the maturity of the maize plant 
increases, the dry matter content of stem and cob increases, but the digestibility of stem and 
leaves decreases due to extended lignification and translocation of easily 
degradable/digestible nutrients to the cob (Haesaert et al 1999). In case of unfavourable 
ensiling conditions, silage additives may be used. Currently, mostly inoculants containing 
living micro-organisms are added. Recently dual-purpose inoculants were developed with the 
aim to improve not only silage fermentation quality and aerobic stability, but also to enhance 
digestibility and nutritive value of the silage. Aerobic instability can be prevented by the 
addition of /DFWREDFLOOXV� EXFKQHUL, which is able to produce acetic acid that increases the 
aerobic stability (Kang et al. 2009, Driehuis et al. 2001, Oude Elferink et al. 2000). In order to 
decrease small increases of DM-losses and pH, associated by /��EXFKQHUL (Filya et al. 2006), 
homofermentative bacteria like /DFWREDFLOOXV�FDVHL have been included. Some strains of /��
EXFKQHUL are able to produce ferulate esterase (FE), an enzyme which breaks down the 
linkages between (hemi)cellulose and lignin (Donaghy et al. 1998). Nsereko et al. (2008) 
investigated an inoculant containing /��SDUDFDVHL�WROHUDQV and a ferulate esterase producing 
/��EXFKQHUL and found an increased NDF digestion and aerobic stability of the maize silage. 
The objective of this study was to investigate how the addition of the inoculant 11CFT to 
maize silage affects the silage fermentation characteristics, aerobic stability, chemical 
composition and NDF and OM digestibility. This study was carried out by means of micro-
silos during two years with maize harvested at two distinct maturity stages and after two 
ensiling periods. Further the effect of the inoculants on roughage intake and zootechnical 
performances of dairy cattle was studied. 
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�� (IIHFW� RI� ��&)7� RQ� VLODJH� TXDOLW\�� FKHPLFDO�
FRPSRVLWLRQ�DQG�UXPHQ�GHJUDGDELOLW\�RI�1')�DQG�
20�±�<HDU���

 

���� 0DWHULDO�DQG�PHWKRGV�
 

������ 0DL]H�
 

At the research farm Bottelare of University College Ghent, whole-crop maize (=HD�PD\V L.; 
cultivar PR39A98; Pioneer Hi-Bred) was harvested at two maturity stages at the end of 
September and the end of October 2010. The parcel was sown on 30 April 2010 at a density 
of 105,000 seeds ha-1 and with a row spacing of 0.75 m and received in total 200 kg N/ha. At 
each harvest date a representative batch of 100 plants was cut and chopped with a Kemper 
chopper (Stadtlohn, Germany) at a theoretical length of 8 mm.  

 

������ 0LFUR�VLORV�
The method of ensiling is explained in 2.1.2 of Part I. At each harvest, 10 micro-silos were 
made with and 10 without the inoculants; 5 silos were opened after 60 days, the other 5 after 
150 days. 

The inoculant studied was 11CFT®, developed by Pioneer Hi-Bred Northern Europe. It is a 
product containing the strains /DFWREDFLOOXV� EXFKQHUL LN40177 and /�� FDVHL LC32909 at 
concentrations of >1.0 x 1011 and >1.1 x 1010 cfu g-1 product, respectively (Dupon et al. 
2011). 

For the treatment, 20 kg whole-crop maize spread on a plastic sheet was sprayed with 0.2 L 
of distilled water in which 20 mg of the inoculant was dissolved, according to the 
recommended dose of 1 g ton-1 fresh material, and thoroughly mixed. For the control, the 
same quantity of sterile distilled water was added to another 20 kg of maize. 

During the ensiling process, different samples of the starting material from the control and 
the treated maize were taken. One sample was taken for counting the yeasts and moulds, 
according to ISO21527 (2008) and for counting the lactic acid bacteria (LAB), according to 
ISO 15214 (1998). Another sample was collected to determine DM, by drying the fresh 
material in a ventilated dry oven at 65 °C. The dried sample was ground to pass a 1-mm 
screen and analysed for residual moisture (EC 1971b), crude fibre (CF), neutral detergent 
fibre (NDF) and starch content. CF was analysed using the Ankom method (EC 1992) NDF 
was determined with the filter bag method using -amylase and sodium sulphite (Van Soest 
et al. 1991). The starch content was determined with an enzymatic (amyloglucosidase) 
method (NEN 3574, 1974). 

All micro-silos were weighed at the start of ensiling and then weekly until the end of the 
ensiling period. Eighteen days before opening of the silos, aerobic stress was induced to all 
micro-silos by removing the tapes from the openings on the side of the tubes. 
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When the silos were opened, on average 5 cm of forage material was discarded from the top 
and the bottom of the micro silo. The rest of the maize silage was pulled out in separate 
boxes (Figure 18). Yeast and moulds were removed from the rest of the silage material. Four 
out of five tubes were directly selected by eliminating the micro-silo with visible most mould 
growth. These four tubes were individually sampled to analyse fermentation characteristics 
and aerobic stability. Then, 3 out of 4 tubes per object were randomly selected to determine 
rumen degradability. Also, DM, crude ash and NDF were analysed on each micro-silo. 
Finally, the remaining material of the 3 micro-silos was pooled per treatment for analysis of 
crude protein, starch, crude fibre and crude fat. Total OM digestibility (OMd) was estimated 
by an in vitro cellulase technique and the Net Energy Value for dairy cattle (VEM) was 
calculated. All analytical methods are described in detail in 2.1.2 of Part I, the grass. 
Determination of rumen degradability is explained in 2.1.3. 

Results were statistically processed using SAS Enterprise Guide 5. A t-test was done to test 
the significance of the difference between treatment and control means within harvest and 
ensiling period. The overall treatment effect and the interaction between treatment and 
harvest was investigated by an ANOVA model based on 4 replicates (fermentation 
characteristics) or 3 replicates (DM, NDF, crude ash and rumen degradation characteristics) 
within each harvest. A separate analysis was performed for each ensiling period. On the 
pooled samples, no statistical analysis was possible. 

 

������ ,Q�VLWX�WULDO�
During the first experimental year with maize silage, rumen degradation characteristics of 24 
samples were determined: 2 harvests, 2 ensiling periods, control vs. treatment and 3 
replicates (micro-silos). 

��� �����	� 
QG �&%���"��4#10� �� DQ�&��� �  ����2� "$*����$*��)/������8�4 �01%�� � "��
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Nylon bags (Sefar, Heiden, Switzerland, pore size 37 µm, dimension 80 x 100 mm) were 
incubated for 0, 8, 24, 48, 72 and 336 hours. Per bag, 2.5 or 5.0 g DM equivalent of maize 
silage was weighed (Figure 19), with the higher weight for the longer incubation periods (72 
and 336 h). The 0h bags are not incubated in the rumen but follow the same washing 
procedure as the rumen bags, which allow to determine the washout fraction (W). The 
incubation period of 336 h (12 days) is applied to derive the undegradable fraction (U) (De 
Boever 2010). Two rumen-cannulated cows were used. For each silage sample and each 
incubation time 4 bags (2 per cow) were incubated to ensure enough residue for further 
analysis. For the 0 h incubation, 3 bags were weighed per silage sample. For the first year of 
maize, this resulted in 552 bags to weigh (24 silage samples x [(5 incubation times x 4 bags) 
+ (1 incubation time x 3 bags)]) and 144 residue samples (48 silage samples x 6 incubation 
times) to analyse.  

The lactating cows were tied and were fed a basal ration consisting of grass and maize 
silage (50/50 on DM-basis), supplemented with concentrates to meet their energy and 
protein requirements. 

The further handling of the nylon bags after incubation in the rumen is explained in detail in 
2.1.3 of Part I, the grass.  

The potentially degradable fraction (D) was calculated as 100 - W - U, with W being the 
washable fraction and U the undegradable fraction. 

The degradation rate (kd) of D was derived by iteration using the exponential model           
d(t) = W + D x (1 -e(-kdxt)) with d(t) the disappearance at time t (∅rskov and McDonald 1979). 
Then, the rumen fermentable NDF fraction (FNDF) was calculated as: 

FNDF (%) = DNDF x [kdNDF/(kdNDF + kpNDF)]  

with kpNDF being the passage rate of NDF derived from the equation: kpNDF = 0.1775 x kdNDF + 
1.39 and assuming WNDF = 0 (Tamminga et al. 2007). 

The rumen fermentable OM (FOM) fraction was calculated as: 

FOM (%) = WOM + DOM x [(kdOM/(kdOM + kpOM)]  

with kpOM the passage rate of OM, equaling 4.5 % h-1 (Tamminga et al. 2007). 

��� �����	� 
EF IN ������� ���.�4�5��#���"��;V�� �E��*��)�5�&�&��� ����� "���������0� �� DQ�&��� �  4���2� "������5����")3�� ��"$*� ��
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���� 5HVXOWV�DQG�GLVFXVVLRQ�
The two harvest dates of the maize together with the DM, CF, NDF and starch are presented 
in Table 16.  

 M. �*�� ��
E>8M����(�� ��PO��)�)�+#� E���E����/��'����0� �� DE��� "��5���8/5� �P�4��3��4 ��+��/��5�5�  ��v��� �5�&������0� �� "������01� ) ��4%� ��	 �0��E�����P�

� +DUYHVW�'DWH� '0� &)� 1')� 6WDUFK�
�J�NJ o p �� �J�NJ o p �'0��

+DUYHVW��� 22/09/10 298 172 377 329 

+DUYHVW��� 22/10/10 400 167 360 363 

 

Yeasts, moulds and LAB were counted on the starting material (Table 17). The number of 
yeasts at the first harvest was quite high, whereas at the second harvest no yeasts were 
found. The number of moulds was similar at both harvests. The inoculant contained 
according to the label 1.1E+11 cfu LAB per gram powder, whereas by counting, 6.4E+10 cfu 
LAB per gram powder was found. Following the recommendation of the manufacturer, 
6.4E+04 cfu LAB were added per gram maize. Because of the high number of LAB already 
present in the control maize, this number only increased marginally by addition of the 
inoculant and this at both harvests. 

 M. �*�� �_
QA]:���01*����X��/n3��� E�4�P��TN02����� #��C �"�#bV4WXIy� "]4��� ��"43C/'�.�'0$� "��s��"�� �P�c%����X�.�� �0�U	Q/5�]��[ \�Yn��"j�5���j�)�� ��	�5� "��0� )�	���5�  ��E E�������,�P�&�1�� �� O��E�4�P�2��/��5���8/�� �	�)��3��4 ��+��/��5�5�  ��

� <HDVWV� 0RXOGV� /$%�
&RQWURO�

/$%�
7UHDWP�

+DUYHVW��� 2,60E+05 1,30E+04 1,40E+06 2,50E+06 

+DUYHVW��� <100 4,00E+04 6,60E+04 9,50E+04 

 

������ &KHPLFDO�FRPSRVLWLRQ�DQG�LQ�YLWUR�20�GLJHVWLELOLW\�
The chemical composition and in vitro OMd of the maize silage at the 2 harvests and after 
the 2 ensiling periods is presented in Table 18. DM, NDF and crude ash are means of 3 
micro-silos; the other parameters are single values from a pooled sample of 3 micro-silos.  

The DM-content of the control silage was similar to that of the starting material. By adding 
the inoculant, the DM content was significantly lower (S � 0.001) after 60 d of ensiling, 
whereas after 150 days of ensiling, there was no difference with the control silage. 

Compared to the NDF content of the starting material, the NDF content of the maize at the 
first harvest is somewhat lower and that at the second harvest somewhat higher (Table 16). 
Treatment with the inoculant increased the NDF content compared to the control silage at the 
first harvest but not at the second (Table 18). In comparison with the starch content of the 
starting material, the starch content of the control silage at the first harvest was similar, but 
that at the second harvest appreciably lower (Table 16). Treated maize silage after 60 d of 
ensiling contained more starch (Table 18). 
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The cellulase in vitro OM digestibility (OMd) was lower for the treated silages at the first 
harvest, which can be explained by the higher NDF and lower starch content. There was no 
effect at the second harvest. 

 
M. �*�� �j
EG$�^����01� 4 ���)�.01%������ ��� ��"1 �"�#_� "2O.� �����C�!��#l��/@4��"4�5������ �"�#j�'���) )�	��#C0� �� DQ�1 )��-j�� ��PO��)�)�	�( �"�#C E/	�	���@ �"��"4��� � � "��(%����5� ��#2U�d;e�Y.��/���� ��������>)f&�+�6
r<�f&#$��/������8/5� �P�E�.3��4 ��+��/.�'�5�  ��
  EP  

(d) 
Harvest 1 Harvest 2 

SEMa Tb TxHc 
  C T - C C T - C 
DM 60 303 -5* 406 -17** 12.6 *** * 
g kg-1 150 295 +2ns 389 +6ns 12.5 ns ns 
NDF 60 347 +32* 378 +3ns 6.0 ns ns 
g kg-1 DM 150 339 +19* 390 -0ns 8.0 ns ns 
Crude ash 60 43 -8ns 62 -14*** 2.5 ns ** 
g kg-1 DM 150 43 +0ns 63 -17* 2.6 ** ** 
Crude protein 60 79 -4 78 -2 0.8   
g kg-1 DM 150 79 -10 76 -2 2.0   
Crude fibre 60 174 +17 197 -2 5.2   
g kg-1 DM 150 176 +13 202 +0 6.2   
Starch 60 321 -27 317 +3 6.3   
g kg-1 DM 150 312 -18 300 +25 6.9   
Crude Fat 60 28 0 21 +2 1.8   
g kg-1 DM 150 28 +1 24 -1 1.4   
FP 60 84 +6 86 -8 3.7   
g kg-1 DM 150 80 +12 80 -5 3.8   
RNSP 60 98 -15 59 +16 10.4   
g kg-1 DM 150 118 -2 67 +0 14.9   
OMd 60 75.7 -3.5 72.2 -0.2 0.89   
% 150 75.9 -6.3 68.5 +2.2 1.63   
VEM 60 985 -37 937 +11 10.4   
kg-1 DM 150 986 -54 905 +34 16.8   

a: standard error of the mean 
b: significance of treatment effect 
c: significance of interaction between treatment (T) and harvest (H) 

ns: not significant (S > 0.05),  

*: significant at S �������� 
**: significant at S �������� 
***: significant at S ��������� 
 

 �
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������ 6LODJH�IHUPHQWDWLRQ�TXDOLW\�
The weekly DM-losses increased gradually from week 1 to the opening of the silos after 60 d 
of ensiling, with a steeper slope after the induction of aerobic stress (Figure 20). Treatment of 
maize at the first harvest resulted in significantly (S � 0.001) higher DM-losses. At the second 
harvest, treated silages had lower DM-losses than the control, but this was not significant. 

The weekly DM-losses during 150 d of ensiling (Figure 21) had a steep increase at the start 
of ensiling, followed by a smoother increase from week 6 to the opening of the silos. The 
induction of aerobic stress at week 19 again was indicated by a steeper slope in the curve. 
Compared with the control silages, the treated silages at the first harvest showed higher 
losses, whereas at the second harvest losses were lower for the treated silages.  

The final weight losses of the control silages after 60 d of ensiling were 0.6% for harvest 1 
and 0.9% for harvest 2 (Table 19). Longer ensiling slightly increased losses at the second 
harvest. Treatment with the inoculant had only an effect at the first harvest, where losses 
almost doubled. This resulted in a highly significant (S ���������LQWHUDFWLRQ�IDFWRU�EHWZHHQ�WKH�
treatment and harvest stage. 

 

 ��� �����	�C-4f_�����50���"4�� E��� ��"c� ���)�4�4�_��/n�����]0� �� DE�l E�,-C�� �� O��)�4�^�)�� 4���4�]��/n�����j/5� �P�)�n3��� ��!0� �� DQ�C )/P�����X>4fl#� E3��_��/��"4��� � � "��
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 ��� �����	��-�
&�����'0���"��	 )�5� ��"$� ���)���)����/.�5����0� �� DQ�� )�.������-��� �� O��E�4�.�4�	 ����E�2��/.�5���8/5� �P�4��3��) ��;0� �� DE�� )/P�	���6
r<�f&#� )34����/��"4��� � � "��

 

The pH of the treated silages at the first harvest was significantly higher after both 60 d (S���
0.001) and 150 d (S ���������Treatment had no effect on the pH of the second harvest. 

Lactic acid content of the control silages amounted to about 50 g kg-1 DM at both harvest 
stages. Addition of the inoculant highly decreased (S �������� lactic acid content at the first 
harvest, but had no effect at the second harvest. 

Acetic acid content of the control silage varied between 15 and 20 g kg-1 DM. Treatment with 
the inoculant highly increased (S ���������WKH�DFHWLF�DFLG�FRQWHQW�DW�WKH�ILUVW�KDUYHVW��EXW�KDG�
no effect at the second harvest. This was the case after both ensiling periods.  

Addition of the inoculant increased the alcohol content at the first harvest (S ��������after 
both ensiling periods, but had no effect at the second harvest. 

The ammonia-fraction in the control silage was low at both harvests and after both ensiling 
periods and the inoculant had no effect. 

The aerobic stability of the control silage at both harvests after 60 d of ensiling was on 
average 100 h. The inoculant improved aerobic stability at the first harvest, but decreased it 
at the second harvest. 
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M. �*�� �$
EF�g@� �  �����/	���'0���"4�	 E�5� ��"2h+�� �� � � 3$��/6)�+")�'�'���) �"�#2�'���) )�	��#j0� �� DQ�� E�6-2�� �� O��)�4�+�4�	 ����E�2 �"�#1 )/P�	���+ �"2��"4��� � � "��%����5� ��#2U'd;e�Y���/���� �5�����+>)f����6
r<�f)#
  EP Harvest 1 Harvest 2 

SEMa Tb TxHc 
  (d) C T - C C T - C 
Weight losses 60 0.6 +0.5ns 0.9 -0.1ns 0.05 *** *** 
% 150 0.6 +0.6*** 1.2 -0.1ns 0.07 *** ** 
pH 60 3.81 +0.19*** 3.92 0.00ns 0.018 *** *** 
  150 3.89 +0.29** 4.08 0.00ns 0.033 ** ** 
Lactic Acid 60 53 -22*** 54 -4ns 2.5 *** *** 
g kg-1 DM 150 51 -36*** 44 -2ns 3.8 *** *** 
Acetic Acid 60 18 +21*** 15 -1* 2.7 *** *** 
g kg-1 DM 150 19 +38*** 18 -2ns 4.5 *** *** 
Propionic Acid 60 0.0 0.0 0.0 0.0 0 / / 
g kg-1 DM 150 0.0 0.0 0.6 +0.2ns 0.12 ns ns 
Alcohols 60 12 +7* 17 -3ns 0.8 * *** 
g kg-1 DM 150 10 +9** 18 -1ns 1.1 ** *** 
Ammonia 60 0.71 -0.05* 0.76 -0.01ns 0.011 * ns 
g kg-1 DM 150 0.64 +0.06ns 0.88 -0.02ns 0.029 ns ns 

NH3 -N/N 60 4.8 -0.1ns 4.7 -0.4** 0.06 * ns 
% 150 4.1 +0.7ns 5.4 -0.1ns 0.14 0.08 * 
Aerobic stab.d 60 97 >72.72*** 104 -34.16ns 15.4 *** *** 
hours 150 / / >170 90 - >170*** 22.0 / / 

a: standard error of the mean 
b: significance of treatment effect 
c: significance of interaction between treatment (T) and harvest (H) 
d: aerobic stability was measured for a maximum of 170 h 

ns: not significant (S > 0.05),  

*: significant at S �������� 
**: significant at S �������� 
***: significant at S ������� 

 

The first maturity stage was at about one-third milkline, with a DM content of 300 g kg-1, while 
the second maturity stage was about early blackline with a DM content of 400 g kg-1. With 
later harvesting the NDF content of the whole maize decreased, whereas starch content 
increased which is a normal process, as easily degradable nutrients in the stem and leaves 
are transferred to starch in the cob (Haesaert et al. 1999). The higher NDF and lower starch 
content observed in the control silages at the second harvest indicates some segregation of 
grains and fibrous plant parts, which probably occurred during the ensiling process.  

The addition of the inoculant marginally increased the already high number of LAB present in 
the control silages. The treatment affected silage characteristics of whole maize harvested at 
the first maturity stage but not those at the second stage. The inoculant increased acetic acid 
and alcohol content and decreased lactic acid content, resulting in a higher pH and more 
DM-losses. Thus in contrast with 11GFT, 11CFT decreased lactic acid and increased pH as 
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well as DM-losses, resulting in worse silage quality. The higher production of acetic acid and 
the associated better aerobic stablity indicate the activity of L. buchneri. Tabacco et al. 
(2011) compared 11 untreated maize silages with 11 silages treated with the same inoculant 
and found also a significantly higher pH, resulting from significantly less lactic acid. On the 
other hand, they didn’t find an effect on acetic acid. Kang et al. (2009) investigated the same 
inoculant in two corn hybrids and found no effect on acetic acid content, whereas in one of 
the hybrids, lactic acid was significantly lower when treated with the inoculant; the pH in both 
hybrids was not significantly lower. Further, in our results alcohols were somewhat higher, 
but ammonia fraction was not affected and aerobic stability was highly increased. From these 
results, one could conclude that the inoculant had an effect when maize is harvested at a 
relative low DM content. The effect of the treatment was somewhat more pronounced after 
the long ensiling period.  

The differences in NDF and starch content as well as in OMd between treated and untreated 
maize silage at the first harvest are probably due to segregation and sampling errors. Also 
Kang et al. (2009) and Tabacco et al. (2011) did not find significant effects on chemical 
composition. 

At the higher DM harvest no effects of the inoculant were observed. These results are 
comparable to the findings of Tabacco et al. (2012). They examined the effect of /��EXFKQHUL 
producing ferulate esterase at four harvest stages of maize, ensiled for a period of 10 
months. The pH always increased with treatment, but the effect decreased with higher DM 
content of the maize.  

 

������ 5XPHQ�GHJUDGDELOLW\�RI�1')�DQG�20�
Addition of the inoculant decreased (S � 0.01) the potentially degradable NDF fraction (DNDF) 
and increased (S � 0.01) the degradation rate at the first harvest after long ensiling, but had 
no effect on the fermentable NDF (Table 20). Rumen degradation characteristics of NDF 
were not affected by addition of the inoculant at the second harvest, neither after 60 d or 150 
d of ensiling. 

Regarding the rumen degradation characteristics of OM, no significant effect of the inoculant 
was noted at the first harvest after 60 d of ensiling nor at the second harvest after both 
ensiling periods. Longer ensiling resulted in the treated silages in a significantly (S ��������
lower potentially degradable OM fraction and a significantly higher (S ��������XQGHJUDGDEOH 
OM fraction, whereas the fermentable OM was not affected. 
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M. �*�� �C-)f]?���0���"_#������	 �#� E��� ��"]��� ��	 4E�	���5� �)��� E�]��/8:@i��] �"�#a�!����/X)�+"4�'���+�. �"�#]�5���) )�	��#c0� �� DE�l E�!-]�� �� O��)�)�	� �"�#2 E/	�	���� �"���"4��� � � "��(%����5� ��#2��/+��� �5�����+>4f&���6
Q<4f4#
  EP Harvest 1 Harvest 2 

SEMa Tb TxHc 
  (d) C T - C C T - C 

DNDF 60 48 +2ns 54 -1ns 1.3 ns ns 
% 150 57 -6** 48 +1ns 1.4 ns ns 

kdNDF 60 2.81 -0.15ns 2.00 +0.06ns 0.139 ns ns 
% hour-1 150 1.85 +0.71** 2.27 +0.01ns 0.098 * * 
FNDF 60 28.4 +0.8ns 28.6 +0.1ns 0.61 ns ns 
% 150 29.7 +0.1ns 26.5 +0.8ns 0.63 ns ns 
FNDF content 60 98 +12ns 108 +1ns 3.3 ns ns 
g kg-1 DM 150 101 +6ns 104 +4ns 3.0 ns ns 

kdOM 60 4.10 +0.28ns 3.35 +0.33ns 0.162 ns ns 
% hour-1 150 3.32 +0.14ns 3.96 -0.09ns 0.135 ns ns 

WOM 60 43 -5ns 29 -4ns 2.3 0.08 ns 
% 150 42 +1ns 25 +3ns 2.6 ns ns 

DOM 60 33 +2ns 47 +4ns 2.5 ns ns 
% 150 39 -6* 49 -2ns 2.1 * ns 

UOM 60 24 +3ns 23 -0ns 0.7 ns ns 
% 150 19 +5** 26 -0ns 0.9 * ** 
FOM 60 58.9 -3.7ns 49.6 -0.9ns 1.33 0.05 ns 
% 150 58.4 -0.8ns 47.6 +1.6ns 1.48 ns 0.10 
FOM content 60 564 -40ns 465 -1ns 13.4 0.07 0.08 
g kg-1 DM 150 558 -8ns 446 23ns 15.1 ns * 

a: standard error of the mean; 
b: significance of treatment effect; 
c: significance of interaction between treatment (T) and harvest (H); 

ns: not significant (S > 0.05);  

*: significant at S �������  
**: significant at S �������  
 

In our study of maize silage harvested at two distinct maturity stages no effects of the 
inoculant 11CFT on rumen degradation characteristics of NDF and OM were observed. In 
contrast to our findings, in several studies in Turkey (Filya, 2003; Filya et al. 2006) and USA 
(Kang et al. 2009), a tendency for a higher NDF degradation after 48 h rumen incubation was 
found when treating maize silage with /�� EXFKQHUL or /�� EXFKQHUL combined with a 
homofermentative bacterium, /��SODQWDUXP or /��FDVHL, like in our study. Nsereko et al. (2008) 
found in a study of an inoculant consisting of /�� EXFKQHUL and the homofermentative 
bacterium /��SDUDFDVHL in the USA an increase of in situ NDFD at 48 h of 15.8%. Tabacco et 
al. (2012) investigated in Northern Italy the same inoculant as used in our study and found no 
effects on NDF degradation after 48 h rumen incubation at any of the 4 maturity stages.  
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���� &RQFOXVLRQ�
The use of the inoculant 11CFT in maize harvested at a relatively low DM-content, gave 
higher fermentation losses after 60 d of ensiling, slightly lower DM-contents and distinct 
lower resp. higher contents of lactic and acetic acids, resulting in a higher pH and thus worse 
silage quality. The effects on lactic and acetic acid and pH were more pronounced after 
longer ensiling. The inoculant had no effect on chemical composition nor on rumen 
degradation characteristics of NDF and OM. 

The use of the inoculant in maize harvested at a high DM-content had no effect on 
fermentation losses, silage quality, chemical composition nor rumen degradation 
characteristics. 

 



 Scientific End Report Ferulate esterase   

58 
 

�� (IIHFW� RI� ��&)7� RQ� VLODJH� TXDOLW\�� FKHPLFDO�
FRPSRVLWLRQ�DQG�UXPHQ�GHJUDGDELOLW\�RI�1')�DQG�
20�±�<HDU���

 

���� 0DWHULDO�DQG�PHWKRGV�
 

������ 0DL]H�
At the research farm Bottelare of University College Ghent, whole-crop maize (=HD�PD\V L.; 
cultivar PR39A98; Pioneer Hi-Bred) was harvested at two maturity stages on 23 September 
and 5 October 2011. The parcel was sown on 25 April 2011 at a density of 105,000 seeds 
ha-1 and row spacing of 0.75 m and received in total 150 kg N/ha. At each harvest date a 
representative batch of 100 plants was cut and chopped with a Kemper chopper (Stadtlohn, 
Germany) at a theoretical length of 8 mm. 

 

������ 0LFUR�VLORV�
The method of ensiling in the micro silos is explained in 2.1.2 of Part I.  

Based on the results of the first year and the work load of the LQ� VLWX work, changes were 
made in the sampling at desiling. All silos were emptied and the maize was put in separate 
boxes. Corn silage with visible mould growth was removed. 4 out of 5 tubes were directly 
selected for further study by eliminating the micro-silo with visible most mould growth. These 
4 tubes were individually sampled for analysis of fermentation characteristics and aerobic 
stability. Then, 3 out of 4 tubes per object were randomly selected for determination of 
chemical composition. Rumen degradability characteristics were only determined at the first 
harvest, but still in triplicate. 

The methods of all analyses are explained in part 2.1.2 of Part I. 

Results were statistically processed using SAS Enterprise Guide 5. A t-test was done to 
examine the significance of the difference between treatment and control means within 
harvest and ensiling period. The overall treatment effect and the interaction between 
treatment and harvest was investigated by an ANOVA model based on 4 replicates 
(fermentation characteristics) or 3 replicates (chemical composition and rumen degradation 
characteristics) within each harvest. A separate analysis was performed for each ensiling 
period.  

������ ,Q�VLWX�WULDO�
The LQ�VLWX work is the same as explained in 2.1.3 of part I on p 14 and part II on p 48.  

Because during the first experimental year no effects of the inoculant on rumen degradation 
characteristics were observed for maize harvest at the high DM-content, the study in the 
second year was limited to the first harvest. This made in total 12 samples (1 harvest x 
control vs treatment x 2 ensiling periods x 3 replicates). 
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Considering the results of the first year, the following incubation times were selected: 0, 12, 
24, 36, 48 and 336 h. This resulted in 276 nylon bags to weigh and all incubation times could 
be done in one time. 

 

���� 5HVXOWV�DQG�GLVFXVVLRQ�
The two harvest dates of the maize together with the DM, NDF and starch are presented in 
Table 21. 

 M. �*�� ��-�
!M����(�� ��PO��)�)�+#� E���E����/��'����0� �� DE��� "��5���8�4��)�+"�#�3��4 ��+��/��'���  ��v��� �'��#.�P3�0� E�	�	���� �"�#(:@i���4��"4�	��")�

� +DUYHVW�'DWH� '0�
�J�NJ o p ��

1')�
�J�NJ o p �'0��

6WDUFK�
�J�NJ o p �'0��

+DUYHVW��� 23/09/11 302 446 316 

+DUYHVW��� 05/10/11 420 393 404 

 

Yeasts, moulds and LAB were counted on the starting material (Table 22). The number of 
yeasts was high for both harvest stages, as was the number of moulds. The inoculant 
contained according the package 1.1E+11 cfu LAB per gram powder, whereas by counting, 
4.6E+10 cfu LAB per gram powder was found. Following the recommendation of the 
manufacturer, 4.6E+04 cfu LAB were added per gram maize. Because of the high number of 
LAB in the control, it only raised marginally by addition of the inoculant and this at both 
harvests. 

 M. �*�� �C-)-]:���01*����X��/n3��� E�4�P��TN02����� #��C �"�#bV4WXIy� "]4��� ��"43C/'�.�'0$� "��b�."�� �P�c%����X�.�� �0�U	Q/5�]� [ \ Yn��"j�5���j�)�� ��	�5� "��0� )�	���5�  ��)��/������,�P�&�1�� �� O��E�4�.�4�� 4���E����/��5���8�4��)�+"�#�3��4 ��+��/��'�5�  ��

� <HDVWV� 0RXOGV� /$%�
&RQWURO�

/$%�
��&)7�

+DUYHVW��� 2,60E+05 1,50E+05 8,00E+04 1,50E+05 

+DUYHVW��� 2,50E+04 5,00E+04 2,60E+05 3,00E+05 

 

������ &KHPLFDO�FRPSRVLWLRQ�DQG�LQ�YLWUR�20�GLJHVWLELOLW\�
The chemical composition and in vitro OMd of the maize at the 2 harvests and after the 2 
ensiling periods is presented in Table 23. 

The DM-content of the control silages was similar to the DM of the maize at ensiling. 
Treatment with the inoculant had no effect on the DM-content at both harvest stages. Longer 
ensiling significantly increased (S �������� the DM-content of the treated silages at the first 
harvest, but not at the second harvest.  
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The NDF content of the control silages was considerably lower than the NDF content of the 
maize at ensiling. Treatment with the inoculant had no significant effect on the NDF content 
at both harvests and after both ensiling periods.  

There appeared also no effect of treatment for the other nutrients, crude protein, crude fibre, 
starch, crude fat, FP and RNSP, nor on crude ash, nor on in vitro OMd and the estimated net 
energy value and this at both harvests and after both ensiling periods. 

 M. �*�� �1-47$�^����01� 4 ���)�.01%������ ��� ��"1 �"�#_� "2O.� �����C�!��#l��/@4��"4�5������ �"�#j�'���) )�	��#C0� �� DQ�1 )��-j�� ��PO��)�)�	�( �"�#C E/	�	���@ �"��"4��� � � "��(%����5� ��#2U�d;e�Y.��/���� ��������>)f&�+�6
r<�f)#
  EP  

(d) 
Harvest 1 Harvest 2 

SEMa Tb TxHc 
  C T - C C T - C 
DM 60 307 +5ns 421 +1ns 14.5 ns ns 
g kg-1 150 307 +18*** 419 +6ns 13.8 *** * 
NDF 60 359 -6ns 346 +6ns 3.6 ns ns 
g kg-1 DM 150 359 -19ns 345 +11ns 3.4 ns * 
Crude ash 60 42 -1ns 42 -2ns 0.6 ns ns 
g kg-1 DM 150 44 -1ns 43 -3ns 0.6 0.08 ns 
Crude protein 60 73 +3* 73 -3* 0.7 ns *** 
g kg-1 DM 150 76 +0ns 72 -1ns 0.9 ns ns 
Crude fibre 60 196 -7ns 185 -0ns 2.5 ns ns 
g kg-1 DM 150 197 -9ns 182 -2ns 2.3 ns ns 
Starch 60 325 +7ns 366 -7ns 7.2 ns ns 
g kg-1 DM 150 322 +17ns 368 -5ns 7.2 ns ns 
Crude Fat 60 26 +1ns 28 -1ns 0.4 ns ns 
g kg-1 DM 150 30 +3ns 32 -1ns 0.6 ns ns 
FP a 60 90 +3ns 74 -1ns 2.9 ns ns 
g kg-1 DM 150 88 -1ns 70 +4ns 2.4 ns ns 
RNSP b 60 85 -7ns 65 +5ns 2.8 ns ns 
g kg-1 DM 150 82 +1ns 64 -7ns 4.9 ns ns 
OMdc 60 72.1 +0.0ns 72.2 -0.4ns 0.30 ns ns 
% 150 72.8 -0.0ns 72.4 -0.4ns 0.23 ns ns 
VEMd 60 955 +1ns 955 -2ns 2.8 ns ns 
kg-1 DM 150 958 +1ns 957 -0ns 1.9 ns ns 

a: standard error of the mean; 
b: significance of treatment effect; 
c: significance of interaction between treatment (T) and harvest (H); 

ns: not significant (S > 0.05);  

*: significant at S �������  
**: significant at S �������  
***: significant at S ��������  
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������ 6LODJH�IHUPHQWDWLRQ�TXDOLW\�
The weekly DM-losses at the first harvest were similar to the DM-losses at the first harvest in 
the first experimental year, namely 0.2% at the start to 0.5 - 0.6% at the opening after 60 d of 
ensiling (Figure 22). There was also a gradual increase of the losses, with a steeper increase 
after the induction of aerobic stress. At the first harvest, treatment slightly increased (S > 
0.05) the DM-losses from week 5, with a bigger, but not significant increase after the 
induction of aerobic stress. 

The treatment at the first harvest for the long ensiling period showed significant higher DM-
losses from week 7 onwards. The DM-losses at the second harvest were similar for the 
control and the treated silage after both ensiling periods (Figure 22 and Figure 23) 

 

 

 ��� �����	�s-�-`�����'0���"��	 )�5� ��"{� ���4�4�4�`��/��5���`0� �� DQ�s E�2-`�� �� O��)�)���)�� 4���4�`��/��5���b�4��)��"�#m3��4 ��� )/P������>4fb#� )34�t��/��"4��� � � "��
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 ��� �����	�a-47b�����'0���"4�	 )�'� ��"t� ���)���)�s��/,�����b0� �� DQ�a E��-b�� �� O��E�4�8�4�	 ����)�s��/,�����_����)��"�#s3��4 ��& )/P������
Q<4fa#� )34�s��/��"4��� � � "��

 

At the first harvest after 60 d of ensiling, treatment slightly decreased lactic acid content and 
increased acetic acid content, with no effect on pH; after 150 d of ensiling the decrease of 
lactic acid and the increase of acetic acid was more pronounced and resulted in a clearly 
higher pH. At the second harvest, no clear effects of treatment on lactic and acetic acid nor 
on pH were observed. Although treatment increased alcohol content at the first harvest, the 
effect was numerically rather small. The ammonia fraction was not affected at both harvests 
and after both ensiling periods. Treatment highly improved aerobic stability at both harvests 
and after both ensiling periods. 
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M. �*�� �b-)9bg@� �  ����b/	���'0���"4�� E�5� �."`h��� �� � � 3s��/�4��"4�5�'���@ �"�#`�5�P�4 E���4#{02 �� DE�b )��-m�� ��PO��4�)�	�s �"�#t E/P�	���� �"`��"4��� � � "��%����5� ��#2U'd;e�Y���/���� �5�����+>)f����6
r<�f)#
  EP Harvest 1 Harvest 2 

SEMa Tb TxHc 
  (d) C T - C C T - C 
Weight loss 60 0.5 +0.1* 0.5 -0.0ns 0.01 * * 
g kg-1 150 0.6 +0.3*** 0.6 +0.0ns 0.04 *** *** 
pH 60 3.77 +0.02ns 3.88 -0.01ns 0.012 ns 0.06 
  150 3.84 +0.30** 3.93 -0.01ns 0.032 *** *** 
Lactic Acid 60 60 -5* 47 -1ns 1.5 * 0.09 
g kg-1 DM 150 56 -34*** 44 +1ns 3.5 *** *** 
Acetic Acid 60 18 +7** 15 0ns 1.2 ** ** 
g kg-1 DM 150 19 +28** 14 +3* 3.6 *** *** 
Alcohols 60 12 +1* 12 0ns 0.2 * ** 
g kg-1 DM 150 14 +3* 12 +1ns 0.5 ** ns 
Ammonia 60 0.68 0.00ns 0.66 -0.02ns 0.007 ns ns 
g kg-1 DM 150 0.81 +0.02ns 0.74 -0.05* 0.017 ns 0.08 
NH3 -N/N 60 4.6 -0.2ns 4.6 0.0ns 0.05 ns ns 
% 150 5.5 -0.1ns 5.0 0.0ns 0.08 ns ns 
Aerobic stabilityd 60 36 +164*** 91 +32ns 16.5 *** *** 
hours 150 85 +115*** 96 +74** 14.9 *** ns 

a: standard error of the mean; 
b: significance of treatment effect; 
c: significance of interaction between treatment (T) and harvest (H); 
d: aerobic stability was measured for a maximum of 170 h; 

ns: not significant (S > 0.05);  

*: significant at S �������  
**: significant at S �������  
***: significant at S �������. 

 

The maturity of the maize at the two harvest dates was clearly different, namely at early dent 
stage with 300 g kg-1 DM and at blackline stage with 420 g kg-1 DM. The NDF content of the 
starting material decreased with higher maturity stage. The difference in NDF-content 
between the samples taken at ensiling and those after ensiling indicate some segregation of 
vegetative and generative plant material at ensiling. Only one sample was taken for analysis 
at this moment. The effects of the inoculant on maize silage quality observed in the first 
experimental year are confirmed in the second year. Although addition of the inoculant only 
marginally increased the number of LAB compared to the control silage, distinct effects on 
silage fermentation characteristics of the maize at the first harvest were observed, 
particularly after long ensiling. The fermentation to more acetic acid and less lactic acid 
resulted in a higher pH and more DM-losses and a better aerobic stability, but less 
pronounced in the second year of trial. The higher weight losses when using the inoculant 
containing /�� EXFKQHUL is in agreement with Filya (2003), Filya et al. (2006), Kang et al. 
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(2009) and Tabacco et al. (2012). The better aerobic stability agrees with the results found 
by Nsereko et al. (2008), Kang et al. (2009) and Tabacco et al. (2012).  

Addition of the inoculant hardly affected maize silage quality harvested at the high DM-
content, which is a confirmation of the results obtained by Tabacco et al. (2012). Only the 
acetic acid content was slightly increased by inoculation after 150 d of ensiling, which 
resulted in a better aerobic stability. 

 

������ 5XPHQ�GHJUDGDELOLW\�RI�1')�DQG�20�
Of the studied rumen degradation characteristics of NDF and OM not any was affected by 
addition of the inoculant (Table 25), which is in agreement with the results of Tabacco et al. 
(2012). 
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 M. �*�� �a-4<s?���02��"s#������	 �#� E��� ��"s��� ��	 �Q������� �4�5� E�b��/2:@i��s �"�#m�8����/�4��"4�5�����@ �"�#s�'���) )�	��#t0� �� DE�b��/&�5���c/5� �P�)��� �� O��)�4�� �"�#2 E/	�	���� �"���"4��� � � "��(%����5� ��#2U�d;e�Y.��/.��� ��������>)f&�+�6
r<�f&#
  EP  

(days) 
Harvest 1 

SEMa 
  C T - C 

DNDF 60 49.7 +4.6ns 1.85 
% 150 57.8 -0.4ns 1.19 
kdNDF 60 1.70 +0.07ns 0.139 
% hour-1 150 1.78 -0.02ns 0.098 
FNDF  60 24.7 +2.7ns 3.9 
% 150 29.4 -0.3ns 3.4 
FNDF content 60 89 +8ns 3.9 
g kg-1 DM 150 106 -7ns 3.4 

kdOM 60 3.64 +0.13ns 0.140 
% hour-1 150 3.69 +0.25ns 0.175 

WOM 60 34.0 +0.3ns 0.94 
% 150 34.0 +0.5ns 0.80 

DOM 60 43.1 +1.7ns 1.04 
% 150 46.4 -0.7ns 0.77 

UOM 60 22.9 -2.1ns 0.78 
% 150 19.6 +0.2ns 0.62 
FOM 60 53.2 +1.5ns 0.67 
% 150 54.9 +1.0ns 0.41 
FOM content 60 510 +10ns 5.8 
g kg-1 DM 150 504 -9ns 4.4 

a: standard error of the mean 

ns: not significant (S > 0.05) 

 

���� &RQFOXVLRQ�
The use of the inoculant in whole plant maize harvested at 300 g kg-1 DM resulted in higher 
DM-losses, lower lactic acid and higher acetic acid, which caused a higher pH and a better 
aerobic stability, particularly after long ensiling. 

Treatment with the inoculant had no effects on chemical composition nor on rumen 
degradation characteristics of NDF and OM.  
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�� (IIHFW� RI� ��&)7�WUHDWHG� PDL]H� VLODJH� RQ� GDLU\�
FDWWOH�SHUIRUPDQFHV�

 

���� $LP�RI�WKH�WULDO�
The effect of adding ferulate esterase (FE) producing /�� EXFKQHUL on whole plant maize 
during the ensiling process on roughage intake and milk production performances of dairy 
cattle was investigated in a cross-over design at the experimental farm of ILVO Animal 
Sciences. 

 

���� &RQVWUXFWLRQ�RI�WKH�WHVW�VLORV�PDL]H�
In October 2010 maize variety PR39A98 was harvested at 380 g kg-1 DM and ensiled at the 
ILVO Animal Sciences Unit. After ensiling the field edges in an separate silo a first part of 
maize was ensiled without additive. Subsequently, a part of maize was treated with the 
inoculant during harvesting and ensiled. Then, another part of maize was chopped and 
ensiled in the separate silo, to remove all product residues in the chopper. Then the second 
part of the control maize was ensiled.  

From both maize silages samples were taken to count yeasts, moulds and lactic acid 
bacteria (LAB) (Table 26). The inoculant was added to the silage following the recommended 
dose of 1 g 11CFT per ton maize, which means an addition of 6.4E+04 cfu LAB g-1 maize. Due 
to the already high number of LAB in the control silage, the difference with the treatment was 
very small.  

 M. �*�� �2-)>2�����."4�P�$��/+34�� E�4�P��T�02���.� #��2 �"�#C�  �Q�5� � ��� #C*� �Q�����5�  2U'V)W!INY6� "14��� �+")3�/'���'01� "��l��"�� �	�(%����N���� �0�0� �� DE�U	Q/5��� [ \ Y

� <HDVWV� 0RXOGV� /$%� /$%�
&RQWURO� 7UHDWP�

,/92�PDL]H�
VLODJH� 3.6E04 6.7E03 1.3E05 1.4E05 

 

After 150 days of ensiling the trial with dairy cows was started. 

 

���� 7ULDO�VHW�XS�
Twenty lactating Holstein cows (8 primiparous and 12 multiparous) were used in a cross-over 
design with two periods. After a pre-adaptation period before the first experimental period, 
the cows were divided in two similar groups based on parity, milk production, milk fat and 
milk protein content, body weight and number of days in lactation. Each period consists of 
three weeks: week 1 was an adaptation week, in weeks 2 and 3 samples were taken and 
intake was noted. During the trial, cows were tied and fed individually. 
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The basal ration consisted of maize silage (MS), either without (control) or with FE and grass 
silage (GS) in a ratio of 60/40 on DM-basis, supplemented with balanced and low protein 
concentrates and formulated soybean meal (Mervobest).  

 

 

 

During the adaptation week (week 1) the cows were fed the basal ration ad libitum. Based on 
the maximum roughage intake, the amount of concentrates was individually fixed for the next 
two weeks (week 2 and 3). The ration was formulated to meet 105% of the individual VEM- 
and DVE- requirements and an OEB of 175-200 g day-1. Roughages were offered twice daily, 
at about 8:30 AM and at about 3:00 PM. Urea was added to the roughage (in two turns 
spread over the roughage). The concentrates were fed in two meals during the morning and 
evening milking (5:00 AM and 5:30 PM). To correct for the decreasing phase of the lactation, 
the amount of concentrates was daily reduced with 0.3 kg for the multiparous cows and with 
0.15 kg for the primiparous cows.  

 

���� )RRG�VDPSOHV�DQG�REVHUYDWLRQV�
 

������ )RRG�
During the trial weeks (weeks 2 and 3) all feeds were sampled. The GS were sampled twice 
a week, MS and concentrates once a week. Samples of the roughages were then pooled per 
period for analysis. Based on the chemical analysis of the feed samples, the VEM, DVE and 
OEB was estimated. At the end of the week, feed residues were removed and weighed. 
When large amounts of orts were present, a sample was taken for DM determination in order 
to correct DM intake. 

 

������ 0LON�
The individual milk production of each milking was noted. During the trial weeks, milk 
samples were taken from 4 consecutive milkings: Monday evening to Wednesday morning 
and milk composition was analysed with FTIR (Fourier Transformed InfraRed Spectrometry). 

��� �����	� -E9 �8 �� DE�8��� �  �������/��5����%����E�	��Q�N���������  E���&�E�4�	���	 )���
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������ %RG\�ZHLJKW�
All cows were weighed 2 consecutive days at the start and at the end of each trial period. 

 

���� 5HVXOWV�DQG�GLVFXVVLRQ�
The fermentation characteristics of both maize silages in Table 27 were very similar. This 
corresponds with the findings from the micro-silos of the first year, where also hardly an 
effect of treating maize silage harvested at a high DM-content on silage quality was 
observed. 

 M. �*�� ��-4A������'0���"��	 )�'� ��"���� ��� 4E�	���5� �)��� E����/.�5����0� �� DE�8��� �  4���)����"���� � ��#���� �5���+����� �'�����)��������� "��.����  �"4�
� &RQWURO�VLODJH )(�VLODJH 

S+����� 3.4 3.4 

$FHWLF�DFLG��J�NJ o p �'0�� 9.2 10.3 

/DFWLF�DFLG��J�NJ o p �'0�� 48.0 48.3 

$OFRKROV��J�NJ o p �'0�� 8.3 6.4 

$PPRQLD�IUDFWLRQ�
���RI�WRWDO�1�� 9.0 8.3 

 

The chemical composition and the nutritional value of both maize silages are presented in 
Table 28. Compared to the control silage, the content of CF and NDF in the treated silage 
was 1.5%-units lower and starch content 3%-units higher, resulting in a 1%-unit higher OMd 
and 20 VEM-units per kg DM more. The estimated DVE and OEB values were similar for the 
control and treated maize silage.  

 M. �*�� �a-4Gc�^����01� ) ��n4�.01%����.� �5� ��"b �"�#{"��4�'�5� ��� �+"� ��6O� �� ���b��/,�5���b0� �� DQ�c��� �  4���)�b��"4��� � ��#b��� �5�s�.�!��� �������4�!�5���� "�������  �"���UP�(�E��[ \6iN�&Y
� &RQWURO�VLODJH� )(�VLODJH 

'0��J�NJ o p � 371 381 

&3� 75 76 

&)� 189 176 

1')� 362 349 

6WDUFK� 324 353 

20G����� 74.7 75.6 

9(0��9(0�NJ o p �'0�� 935 952 

'9(Q�� 46 47 

2(%Q�� -27 -29 
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The ration composition, the feed intake and the milk production performances are presented 
in Table 29. The rations were very similar with respect to the CP content and VEM value. 
The total DM intake was not significantly different despite a numerical 0.4 kg lower intake in 
the FE group, which was due to a slightly lower roughage intake. The DM intake of the 
treated GS was significantly lower than the control GS, although the numerical difference 
was small. These results are in contradiction to the results of Berzaghi (2009) who 
investigated the effect of the same inoculant used on two corn silages in two consecutive 
years with mid lactation dairy cows and who found an increase of total DM-intake of 1 kg per 
day in both trials.  

The VEM and DVE intake in our study were almost identical, but due to the slightly lower milk 
production (0.9 kg day-1), the VEM and DVE supplies were a bit higher numerically in the FE 
group (not significantly). Cows fed the treated MS showed a tendency for a lower milk 
production was (S = 0.13) and a decrease of fat protein corrected milk (FPCM) with 1 kg. Milk 
composition was not affected. The FE group had a lower OEB intake, but had no effect on 
milk urea content. Berzaghi (2009) found in one trial an increase in milk yield of 1 kg per day, 
but in another trial a decrease of 0.4 kg per day, and the differences were both not 
significant.  
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M. �*�� �_-�Fc?N )�5� ��"a4�.01%������ �5� �."�T;/��)��#m� "4�� ��Q�_ �"�#`01� � �_%��'��#���E�5� ��"s%����P/��.�'0� �"�)�E�b��/84���8�]/��4#m0� �� DE�]��� �  ������� ����������� �5��������� �5���.�)�� �#�#�� ��� �+"���/6
4
Q�^��M
 &RQWURO )( 06( p  

5DWLRQ�FRPSRVLWLRQ��J�NJ } ~ �'0�� � � �
CP 143 143 - 

NDF 344 338 - 

VEM (VEM kg-1 DM) 980 990 - 

'DLO\�IHHG�LQWDNH��NJ�� � � �
Total DM-intake 21.7 21.3 1.0 

������0DL]H�VLODJH� 9.1 9.0 0.6 

������3UHZLOWHG�JUDVV�VLODJH� 5.4a 5.2b 0.3 

�����&RQFHQWUDWHV� 7.1 7.1 0.2 

VEM (kVEM) 21.2 21.1 0.9 

VEM (% of the requirements) 102 104 8 

DVEn  1.86 1.85 0.07 

DVEn (% of the requirements) 101 104 0.09 

OEBn (g) 101c 81d 7 

3HUIRUPDQFHV� � � �
Milk production (kg day-1) 31.8 30.9 2.7 

Fat content (%) 4.33 4.30 0.32 

Protein content (%) 3.37 3.34 0.69 

FPCM (kg day-1) 33.0 32.0 3.0 

Milk urea content (mg L-1) 259 260 11 

Weight changes (kg day-1) 0.0 -0.2 0.4 

1 Root residual mean square 
a,b Values that are significantly different S<0,05;  
c,d Values that are significantly different S< 0,01 
 

 

���� &RQFOXVLRQ�
The finding that adding 11CFT to maize silage harvested at a high DM-content has hardly an 
effect on silage quality in micro-silos is confirmed by the results obtained with the big silages 
at the dairy trial. Moreover, the treated maize silage seems to negatively affect roughage 
intake, resulting in lower milk production. 
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�� *HQHUDO�FRQFOXVLRQV��
 

The use of the inoculant in maize harvested at a about 300 g kg-1 DM in the two years of trial 
resulted in higher DM-losses, lower lactic acid and higher acetic acid contents as well as a 
higher pH, thus indicating worse silage quality. On the other hand, aerobic stability was 
improved by the treatment. The effects were more pronounced after 150 d of ensiling than 
after 60 d. The inoculant hardly affected silage quality of whole plant maize harvested at 
more than 380 g kg-1 DM. No effects on chemical composition nor rumen degradation 
characteristics of NDF or OM were observed at all maturity stages and after both ensiling 
periods. The treated maize silage seems to negatively affect roughage intake, resulting in a 
lower milk production. 
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