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• carré latin 3x3

Adaptation

Lun                  Mar                 Mer

11 jours 

pH, AGV, Lactate 

aux temps -1h, 1h, 3h, 5h et 6h / challenge

80% foin + 20% concentré substrat = 1,2 % du poids vif 

(760 g en une seule fois via canule)
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ABSTRACT: A study was conducted to determine 
the feasibility to induce rumen acidosis with propi-
onate, butyrate, or lactate as the major fermentation 
end products. Three rumen-cannulated Texel wethers 
were used in a 3 × 3 Latin square design. Each pe-
riod consisted of 11 d of adaptation where wethers were 
daily fed at 90% of ad libitum intake a hay and wheat-
based concentrate diet (4:1 ratio on a DM basis) in 2 
equal portions followed by 3 d of acidosis induction. 
During the challenge, the morning feeding was replaced 
by an intraruminal supply of wheat (readily ferment-
able starch), corn (slowly fermentable starch), or beet 
pulp (easily digestible fiber), dosed at 1.2% of BW. Ru-
minal liquid samples were taken daily 1 h before (−1) 
and 1, 3, 5, and 6 h after intraruminal feed supply to 
measure pH, VFA, and lactic acid concentration. The 
differences between treatments accentuated throughout 
the 3-d challenge, being maximal and significant on d 
3. Indeed, 6 h after the third day of the challenge, mean 
ruminal pH was less for wheat (4.85) than for corn 
(5.61; P = 0.008) and beet pulp (6.09; P = 0.001), 

and total VFA tended to be less for wheat (48.7 mM) 
than for corn and beet pulp (84.7 mM on average; P 
= 0.08). At the same time, the proportion of acetate 
was greater for wheat than for corn (75.5 and 62.2%, 
respectively; P = 0.005) but did not differ from beet 
pulp challenge (69.0%). The proportion of propionate 
was greatest for beet pulp compared with corn and 
wheat (21.0, 17.3, and 12.1%, respectively; P = 0.03), 
whereas the butyrate proportion was greatest for corn, 
intermediate for wheat, and least for beet pulp (16.3, 
10.8, and 8.3%, respectively; P = 0.05). Lactate con-
centration was greatest for wheat (45.5 mM) compared 
with corn and beet pulp (8.3 mM on average; P = 
0.01). Under our experimental conditions, ruminal lac-
tic acidosis was successfully induced by wheat, whereas 
butyric and propionic subacute ruminal acidosis were 
respectively provoked by corn and beet pulp. We de-
veloped an original model that promoted differentiated 
fermentation pathways in the rumen of sheep. It will be 
used to study the ruminal microbiome changes involved 
in different acidosis situations.

Key words:  feed challenge, fermentation pathway, ruminal acidosis, sheep

©2010 American Society of Animal Science. All rights reserved. J. Anim. Sci. 2010. 88:3041–3046 
 doi:10.2527/jas.2010-2926

INTRODUCTION

Subacute ruminal acidosis (SARA) is a major prob-
lem in high-producing ruminants. It decreases feed 
efficiency and production and predisposes animals to 
disease (reviewed in Kleen et al., 2003). This is due to 
excessive consumption of readily fermentable carbohy-
drates (RFC) by the animal, which induces a reduction 
in ruminal pH (about 5.5 to 5) that affects the ruminal 
ecosystem (Kleen et al., 2003). In contrast with acute 

acidosis in which microbial fermentations produce lac-
tate as a major end product and ruminal pH decreases 
to less than 5, microbial fermentations during SARA 
are unpredictably oriented to propionate (propionic 
SARA) or butyrate (butyric SARA) at the expense of 
acetate (Martin et al., 2006). In their review, Kleen et 
al. (2003) reported that butyrate accumulation may be 
a cause for abomasal displacement, whereas propionate 
accumulation was associated with milk-fat depression. 
Moreover, increased propionate and butyrate in the ru-
men is believed to lead to parakeratosis of the ruminal 
epithelium (reviewed in Kleen et al., 2003). Because of 
the ruminal ecosystem instability during SARA, exist-
ing mechanistic modeling approaches failed to predict 
VFA profiles (Offner and Sauvant, 2004). Prediction 
and prevention of ruminal acidosis imply a better un-
derstanding of the microbial changes involved in the 
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different fermentation pathways. Thus, we aimed to 
develop an experimental model of ruminal acidosis in 
sheep in which the prevalence of lactate, propionate, or 
butyrate would be predictable and that can be used to 
study the changes in the rumen microbiota induced by 
each situation.

MATERIALS AND METHODS

Procedures on animals were in accordance with the 
guidelines for animal research of the French Ministry 
of Agriculture and all other applicable national and 
European guidelines and regulations for experimenta-
tion with animals (see http://www2.vet-lyon.fr/ens/
expa/acc_regl.html for details). The experiment was 
conducted at the animal experimental facilities at the 
Herbivores Research Unit of INRA (Saint-Genès Cham-
panelle, France).

Animals, Diets, and Treatments

Three 4-yr-old Texel wethers averaging 63.4 ± 5.4 kg 
of BW at the start of the experiment were used. Ani-
mals were fitted with a 62-mm-bore polyamide-poly-
vinyl chloride ruminal cannula by an authorized vet-
erinary surgeon under general anesthesia (Halothane, 
ICIU Pharmavétérinaire, Paris, France) in an aseptic 
environment. Wethers were housed in individual stalls 
(1.00 × 1.50 m) with individual feed-bunks and were 
randomly assigned to 3 dietary treatments in a 3 × 3 
Latin square design. Each period lasted 14 d with 11 d 
where sheep were fed 90% ad libitum in 2 equal portions 
at 0800 and 1600 h with a basal diet made of alfalfa hay 
and wheat-based concentrate (4:1 ratio on DM basis), 
and 3 d (d1, d2, and d3) of acidosis induction (chal-
lenge period) where animals were intraruminally dosed 
with rapidly fermentable carbohydrates.

During the 3 d of the challenge period (d1, d2, and 
d3), the morning feeding was replaced by an intraru-
minal supply of ground concentrate (3-mm screen) at 
1.2% of BW. Three types of concentrates, differing by 
the nature and degradation rate of their carbohydrates, 
were compared: wheat (readily fermentable starch), 

corn (slowly fermentable starch), or beet pulp (easily 
digestible fiber). At 1600 h sheep received 520 g of hay. 
Animals had free access to water and mineralized salt 
blocks. Intake of feed and water were recorded daily. 
The chemical composition of the feeds is indicated in 
Table 1.

Rumen Sample Collection and Fermentation 
Variable Measurements

At d1, d2, and d3, ruminal liquid samples (50 mL) 
were taken daily from the ventral sac of the rumen 
through the cannula using a suction pump attached to 
a rigid plastic tube 1 h before (−1) and 1, 3, 5, and 6 h 
after intraruminal feed dosing. The ruminal pH was im-
mediately measured with a portable pH-meter (CG840, 
electrode Ag/AgCl, Schott Geräte, Hofheim, Germa-
ny); then ruminal fluid samples were rapidly strained 
through a polyester monofilament fabric (250-µm mesh 
aperture) and the filtrate was used for VFA and lactic 
acid analysis.

For VFA, 0.8 mL of fresh rumen juice were mixed 
with 0.5 mL of a 0.5 N HCl solution containing 0.2% 
(wt/vol) metaphosphoric acid and 0.4% (wt/vol) cro-
tonic acid, and stored at −20°C until analysis by gas 
chromatography on centrifuged samples (CP 9002 Gas 
Chromatography, Chrompack, Middelburg, Germany) 
using crotonic acid as an internal standard (Morgavi 
et al., 2003). For lactate, 2 mL of ruminal juice were 
stored at −20°C until analysis by a colorimetric method 
on centrifuged samples (Enzyplus EZA 891+, /-Lac-
tic Acid, Raisio Diagnostics, Rome, Italy) according to 
the manufacturer’s instructions.

Statistical Analysis

All data were analyzed in repeated time using the 
MIXED procedure (SAS Inst. Inc., Cary, NC), with 
SP(POW) as the covariance structure. Period (P1, P2, 
and P3), substrate (Sub, wheat vs. corn vs. beet pulp), 
challenge day (d1, d2, and d3), time (T, −1 vs. +1 vs. 
+3 vs. +5 vs. +6 h), and Sub × day, Sub × T, day × 
T, Sub × day × T interactions were considered as fixed 

Table 1. Chemical composition of the experimental feeds in basal diet and in chal-
lenges 

Item

Basal diet1 Challenges2

Hay Concentrate3 Wheat Corn Beet pulp

NDF 68.1 8.2  17.7 15.4 38.9
ADF 40.7 4.9  4.3 3.3 19.9
Starch nd4 65.6  62.0 72.4 nd
CP 7.3 14.3  14.1 8.8 8.6

1Natural grassland hay:wheat-based concentrate (4:1 ratio on a DM basis).
2Challenges: 1.2% of BW of ground wheat, corn, or beet pulp was intraruminally dosed each morning of the 

challenge period.
3Concentrate = wheat-based concentrate with 3% molasses.
4nd = not detected.
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effects and animal as random. Results are considered 
significant for P-value <0.05, and trends were discussed 
at 0.05 < P < 0.1.

RESULTS

Ruminal pH

The pH kinetic showed a significant reduction (P < 
0.05) in ruminal pH between d1 and d3 of the chal-
lenge period, averaging 1.84, 0.98, and 0.49 pH units for 
wheat, corn, and beet pulp, respectively. At the end of 
d3, mean ruminal pH was less for wheat than for corn 

(P = 0.008) and beet pulp (P = 0.001) at 4.85, 5.61, 
and 6.09, respectively (Figure 1).

VFA and Lactate

When comparing d1 at (−1 h) and the end of d3 (6 
h), a marked decrease was observed for total VFA from 
93.0 to 48.7 mM (P < 0.05) for wheat, an increase for 
beet pulp (from 57.3 to 87.4 mM; P < 0.05), whereas no 
significant change was observed for the corn challenge 
(Figure 1). At the end of d3, total VFA were less for 
wheat (48.7 mM) than for corn and beet pulp (84.7 mM 
on average; P = 0.08).

Figure 1. Effect of feed challenges [d 1 to d 3 (d1 to d3), indicated by arrows] based on wheat (¨), corn (}), and beet pulp (~) on ruminal 
pH, total VFA, and lactate concentrations during rumen-induced acidosis in sheep. The letters a, b, and c indicate significant differences between 
feed challenges at the end of the challenge period (P < 0.05). n = 3; bars = SEM.
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Lactate concentration (Figure 1) for wheat increased 
more than 10-fold (P = 0.004) throughout the 3-d chal-
lenge period, whereas the change was not significant (P 
> 0.1) for corn and beet pulp. Indeed, at the end of d3, 
lactate concentration was greater for wheat (45.5 mM) 
than for corn and beet pulp (8.3 mM on average; P = 
0.01).

Throughout the challenge period, acetate proportion 
(Figure 2) tended to decrease for the corn challenge 
(from 70.4 to 62.2%; P = 0.07), but no change was 
observed for the other 2 concentrates. The proportion 
of acetate was greater for wheat than for corn (75.5 
and 62.2%, respectively; P = 0.005) but not different 
from beet pulp challenge (69.0%) at the end of d3. Bu-
tyrate proportion increased from 8.9 to 16.3% for corn, 
whereas it was constant for wheat and beet pulp over 
the 3 d of challenge; butyrate proportion was greatest 
for corn, intermediate for wheat, and least for beet pulp 
at 16.3, 10.8, and 8.3, respectively (P = 0.05) at the 
end of d3. Propionate proportion decreased over the 3 
d of challenge from 16.9 to 12.1% (P < 0.05) for wheat, 
tended to increase from 17.4 to 21.0% (P < 0.10) for 
beet pulp, whereas no significant change was observed 
for the corn challenge; the final propionate proportion 
at the end of the challenge period was greatest for beet 
pulp than for corn and wheat at 21.0, 17.3, and 12.1%, 
respectively (P = 0.03). Minor VFA proportions (sum 

of iso-butyrate, iso-valerate, valerate, and caproate) 
markedly decreased between d1 before challenge induc-
tion and the end of d3 for wheat (from 4.2 to 1.5%; P 
< 0.05) and beet pulp (from 3.8 to 1.8%; P < 0.05), 
whereas they were constant for corn. At the end of d3, 
the proportions were greatest for corn than for wheat 
and beet pulp at 4.2, 1.5, and 1.8%, respectively (P = 
0.004).

DISCUSSION

The definitions of SARA found in the literature are 
inconsistent. Subacute ruminal acidosis has been de-
scribed as the mean daily ruminal pH between 6.25 
and 5.5 (Sauvant et al. 1999), repeated bouts of de-
pressed ruminal pH between 5.0 and 5.5 (Oetzel, 
2000), as well as the duration of episodes where pH 
is less than a physiologically acceptable value (e.g., 
pH <5.6 for more than 180 min/d; Khafipour et al., 
2009). In contrast, there is more consensual definition 
of lactic acidosis that has been described as ruminal 
pH below 5.0 with increased lactate concentrations 
(Owens et al., 1998). Based on these definitions, pH 
data obtained in the experimental conditions in the 
current study showed that lactic acidosis was induced 
with wheat, whereas SARA was induced with corn 
and beet pulp.

Figure 2. Effect of feed challenges [d 1 to d 3 (d1 to d3), indicated by arrows] based on wheat (¨), corn (}), and beet pulp (~) on molar 
proportions of acetate, propionate, butyrate, and minor VFA (iso-butyrate + iso-valerate + valerate + caproate) during rumen-induced acidosis 
in sheep. The letters a and b indicate significant differences between feed challenges at the end of the challenge period (P < 0.05). n = 3; bars 
= SEM.
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A common feature of all fermentation variables 
studied was the differences between feeds accentuat-
ed throughout the 3 d of the challenge period, being 
maximal and significant at d3 of the challenge. This 
indicates that the ruminal ecosystem was relatively re-
sistant to the perturbation induced by the sudden chal-
lenges. The large increase in lactate concentration and 
the decrease in ruminal pH induced by wheat in the 
present study were indicative of lactic ruminal acido-
sis. Several groups reported lactic acidosis induction by 
intraruminal supply of glucose (Hibbard et al., 1995), 
wheat (Muir et al., 1980), or corn as slurry (McLaugh-
lin et al., 2009) with doses varying between 1.2 and 4% 
of BW. In these experiments where sheep and steers 
were used, lactate concentrations were greater and pH 
less than our results. This may be explained by the 
different experimental conditions used to induce lactic 
acidosis: nature (ground wheat vs. glucose or wheat 
and corn slurry) and quantity of RFC used for the chal-
lenge induction, and also by a potential buffer effect of 
the hay offered 7 h after each challenge induction in our 
study. Independently of these differences, our results 
and those of the literature suggest that lactic acidosis is 
easy to induce irrespective of the RFC type and animal 
model used if a large quantity of RFC is added into the 
rumen.

In contrast to lactic acidosis, which is characterized 
by low pH and increased lactate proportion, SARA 
seems to be an intermediate state where microbial fer-
mentations are instable and unpredictably oriented to 
butyrate, propionate, or both at the expense of acetate 
(Martin et al., 2006). The butyric SARA induced in the 
present study has already been reported in normally fed 
sheep (40% hay + 60% wheat; Brossard et al., 2004), 
dairy cows (50% corn silage + 40% barley; Doreau et 
al., 2001), or steers (70% corn + 30% hay; Harmon et 
al., 1985) where the decrease in ruminal pH (between 
5.5 and 5.8) was associated with an increase in butyrate 
proportion (from 13 to 22% of total VFA) and a de-
crease in lactate concentration (<5 mM). Brossard et 
al. (2004) suggested that the increase in ruminal pro-
tozoa concentration could play a central role in butyric 
SARA by limiting lactate accumulation and promoting 
butyrate production. In a meta-analysis study, Eugène 
et al. (2004) reported also that butyrate proportion de-
creased when protozoa were removed from the rumen.

The propionic SARA, consisting in an orientation 
of ruminal fermentations toward propionate, is the 
most often encountered in intensive feeding systems. 
The propionic SARA was usually induced in steers and 
dairy cows by increasing the RFC proportion in the 
diet (Kennelly et al., 1999; Hristov et al., 2001; Gozho 
et al., 2007) or by gradually replacing alfalfa hay by 
pellets (Khafipour et al., 2009). The propionic SARA 
we developed in the current study is in accordance with 
these studies where mean ruminal pH was between 5.8 
and 6.2, propionate proportions and total VFA reached 
35% and 110 mM on average, respectively, and lactate 
concentration remained <10 mM.

Martin et al. (2006) reported that during SARA (pH 
between 5 and 6), rumen fermentations were primar-
ily oriented toward butyrate then toward propionate 
as the rumen pH decreased. This is in conflict with 
the present study where butyric SARA occurred at less 
pH compared with propionic SARA (pH 5.61 vs. 6.09). 
Moreover, in our study, butyric and propionic SARA 
were induced by corn and beet pulp, respectively. These 
results appear surprising because in normally fed ani-
mals, diets rich in beet pulp classically orient to bu-
tyrate (O’Mara et al., 1997; Voelker and Allen, 2003), 
whereas starch-rich diets lead to propionic fermenta-
tions (Goad et al., 1998; Hristov et al., 2001; Gozho 
et al., 2007). However, due to the absence of similar 
intraruminal challenge studies using corn and beet pulp 
in the literature, explanations are still lacking. Taken 
together, these results strongly suggest that the micro-
bial fermentation pathways differ between normal feed-
ing and intraruminal challenge.

We developed an original model that induces differ-
entiated rumen fermentation pathways in sheep. The 
rumen pH and fermentation variables obtained with 
the wheat challenge were indicative of lactic acidosis, 
whereas butyric and propionic SARA was observed for 
corn and beet pulp challenges, respectively. This model 
will be used to study the ruminal microbial changes as-
sociated with these different types of acidosis.
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Treatment

Feed 

challenge Time pH% Similarity

1
0

0

9
0

8
0

7
0

94.3

91.2

87.5

91.5

83.2

92.1

86.4

80.3

82.4

78.5

71.4

65.3

94.7

84.7

80.4

83.7

77.2

86.5

76.3

86.5

79.3

73.7

62.9

0 2
0

4
0

6
0

8
0

1
0

0

Beet pulp

Wheat

Wheat

Wheat

Wheat

Corn

Corn

Corn

Beet pulp

Beet pulp

Beet pulp

Beet pulp

Wheat

Wheat

Wheat

Wheat

Corn

Beet pulp

Beet pulp

Beet pulp

Corn

Corn

Corn

Corn

C

Lp115+P63

P63

C

Lr32+P63

Lp115+P63

P63

Lr32+P63

Lp115+P63

P63

Lr32+P63

Lr32+P63

C

P63

Lr32+P63

Lp115+P63

Lr32+P63

Lp115+P63

C

P63

P63

Lp115+P63

C

C

d3

d3

d3

d3

d3

d3

d3

d3

d3

d3

d3

d1

d1

d1

d1

d1

d1

d1

d1

d1

d1

d1

d1

d3

5.55

4.45

4.28

4.87

4.17

5.63

5.28

5.46

5.72

5.84

5.83

6.38

6.54

6.48

6.54

6.41

6.46

6.31

6.38

6.33

6.41

6.33

6.43

5.17

Lp + P

P

Lr + P

Lp + P

P

Lr + P

Lp + P

P

Lr + P

Lr + P

P

Lr + P

Lp + P

Lr + P

P

P

Lp + P

70
70 80 90

% Similarity

Wheat

Wheat

Wheat

Corn

Corn

Corn

Beet pulp

Beet pulp

Beet pulp

Beet pulp

Wheat

Wheat

Wheat

Corn

Beet pulp

Beet pulp

Corn

Corn

Wheat

Wheat

Beet pulp

Beet pulp

Corn

Corn

C

C

C

C

C

C

d3

d1

d3

100 

4.45

4.28

4.17

5.63

5.28

5.46

5.72

5.84

5.83

6.38

6.48

6.54

6.41

6.46

6.31

6.33

6.41

6.33

5.55

4.87

6.54

6.38

6.43

5.17

Lp + P

�

�

�

� ���� � � �
� ���� � � �

��

�

�

�#8�$��	)��HH=�����DA���������+�)�AD�D����������������)��������������D�A���))��D�D������)�������)���

��� ������� ����A�)������ ��� ���� @D��� �D����+���� )D����D�A��� ������� *�'-� ���� ������ *�3-� A���D�� ��D���D���

���0�D���������D��D�������D�����D����0�@����������������������A���������DE�A0 �#����A���������A0�D��@���

������ ��� �D��B�� �����A��D��� D���4� ���� ���� ��@�D������ ��D�+������ )������ @D��� ��D��)��D�� �E�������

*C�HB�- � =���� ��)�A�� D�� �� ���A� ��� Q� ��D)�A�� *���)� ���� Q+���D���� !��D�� �,����-� @D��D�� ���� ��)��

�����)��� ����D��A���������A0��������������23�����A�)��������D)�A������3�D��D��D�������0��������@ ��
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expérimental
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digestibilité

Mesures méthane 

Mesures digestibilité        
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Ensilage Maïs + Amidon     
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Ensilage Herbe + Pulpe
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�!" $,� ��/ �= $,�* 0��*�!$ *$7": 9�* $� "�*2���� $,� �==�2$* �= "�==���!$ �2�"�*�* $:0�* �! �7/�!�� =��/�!$�$��!*B �!�:/�$�2
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groups on which lactic, butyric and
propionic acidosis were induced by
feed challenges.
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+,�D��2$�����D2�/0�*�$��!D�*D�-0��**�"D�*D@D�=D$�$��D��2$����D
�BD�D=��D� PD����D�!"D"BD�D=��D� PD����D�!"�2�$�D*��!�=�2�!$D�==�2$*D�/�!�D�2�"�*�*D=��/*

D�������������� 5��7A���� $ � CA�E������� $ �<�

0) ����" ����"� ����� 0.17

+�$��DB1'BD/� ������ ����A	 ����A 8.96

'2�$�$�BD@ ����A� ����A� ������� 2.82

���0��!�$�BD@ ������ ���	�� �����2 1.48

67$:��$�BD@ ���A�� ������ 	���� 1.54

8�2$�$�BD/� ������ ����� ����� 6.36

'/:��*�O ������ ����� ���	2 2.30

#����-:/�$,:�2���7��*�O ���� ���� ���� 0.24

R:��!�*�O ���� ���� ���� 0.58

+�$��D��2$����D-D�������D ���'D2�0��*DSD�D�� ����" ����"� ���	� ��	�

���$����D-D��� SD/8 ��A� ���� ���	 ���	

OD<!�:/�$�2D�2$� �$��*D9���D�-0��**�"D�*DT/��D�=D��"72�!�D*7���DSD/�D0��$��!DSD,�7�ND��DUD"�:D/�$$��
a,b,c within a row, means that do not share a common superscript differ (P < 0.05) 
d,e within a row, means that do not share a common superscript differ (P < 0.15) 
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E��D�����E��

D���F�B����������F��E��

�B��DE�F ������!����

�F����EF� �F	 B�� �A�E��B��	�E� )�.���� ���� A� ����D�D�� ��� ��)D����� 	 ���� ������D�A �� �������D�� !BD�����DAD�� ��� ���)�����D��� )D����D����� ���� A�
��)�� ��� ��� ��������D��D,�� �� AB��D���� A������ ,�D ������D� 7��� ���������A� ��� ������ E��D��A�� E�D�� �������D���D��� ��� ����D��D,��� ��DAD��� ����
���E��D� ����� �����A��D� ?��� �)������ AB�0����$�� ,�� AB���D���D�� ��� ����D��D,��� ������ �� AB��D�����D�� ��� ���)�����D��� )D����D����� ��)D��A�� 
���� ������ ����� �0����$�� ���� �E��� ��E�A���� �� )��$A� �4���D)����A �BD�����D�� �� AB��D���� A������ ���0�D,�� �� ����D��D,�� ���1 A� )����� 	
AB������D�� �� ��DAD���� ��))� �A��D��� ���D��)��� ���)������D�A�� *-D�- �� )�b� �� �� A� ��A�� �� �������E�� �������DE�)��� *!����� �� �A %&'&- ?���
�E��� ��DAD�� �� )��$A� ���� �E�A���� ���� ��� % �D����D���� AB���D���D�� �� A�� )����D�)�� �B���D�� ��� ������D�� ����D��D,��� *��- ���� ���E��D� AB��D����
��)D��A� A������ 

�%'*1. �45*$#1���.� ) % ������ A��D� Q4Q

�$.#��1���� )

� I �����MA� *A������-

�HE I �AE��E�����	�A�BC �23

F5 M �HE I ���	E������BF ����	�ABC '': �A�� �23

F$ M �HE I ���	E������BF AD�C�EFBF 3% �A�� �23

!� ���� ��DAD��� ���D� '&'' CA� /��D)�A / .���

����$��
��� �� ������� ��)D��A ����A ���A�E� �E��� *+'�- ��
���$� D�����D�� �� AB��D���� ��� ���AA���� *53� ��
52�-

s ����)$���� ���)����D��� I �6� ����������D�� ��
��D��� ���� E�A��DA� *�HD-�� �� A������

s ����)$���� )D����D��� I ����D�� *,��� ���
��?� '2�- �� ���DED�� ��� ������D�� ��AA�A�A0�D,���
�� �)0A�A0�D,��� ; ����)���)��� ���
�����1��D��� 

B�#1.�4 I P )������ ������� �� ���� #�4�A
*2'h3 O�-� ����A�� �� ��)��� �A����D��)���
������D� ���� % ������� �� Q

B�#1���.�#�� I P& > ��D� 5 %& > �A� ������� 3
��)�D��� �B�������D��

�'.����8�� I Q& > ��D� 5 2& > H�A D������D�
���� A� ��)�� ��� A� ����A� *��� ��D� ��� .���
������� 3 .-

H�A ] )�b� *������ '- �� ��A�� �� �������E�
*������ %-
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!��������)3 3 Q& 3 SP 3 %% 3 Q< & P2
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T A B C ES

pH 5.17 5.63 * 5.28 5.46 +
0.12

AGV totaux 106.84 81.65 * 85.70* 94.44 7.79

% C2 63.16 68.66 * 67.43+ 66.91 1.75

% C3 17.04 14.50 14.23 + 15.46 1.09

% C4 16.92 12.05 * 14.66 13.53 +
1.41

% S. bovis 0.491 0.023 + 0.106 0.039+
0.168

% lactobacilli 0.152 0.086 0.036+ 0.067 0.041

AS amylase 7.06 1.06 * 4.20 3.81+
1.37

AS xylanase 0.03 1.95 * 0.20 0.42 0.53

pH 5.55 5.72 5.84 * 5.83 +
0.11

AGV totaux 113.56 104.51 112.28 100.36 6.66

% C2 67.45 68.37 68.61 67.85 1.15

% C3 22.53 21.93 21.51 22.35 0.83

% C4 8.52 8.18 8.40 8.34 0.49

% S. bovis 0.011 0.007 0.004 0.005 0.005

% lactobacilli 0.092 0.008 + 0.011+ 0.071 0.036

AS amylase 0.29 0.32 0.3 0.24 0.22

AS xylanase 0.53 0.38 0.29 0.96 0.73
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�O��0�����? � ��A���O�E�� ���D������O��! ��6DAA�G = ���D������� � ��!�O0���E�� � ������A � *'<<P-����+
��������������DE���0��D�D1��D��������D����������D����������������)��������D������6�AD���������
�0A��D ����� �?��A ����� ���D �C�� �<:I'3'&P+'3''3 �

�A�����! ���������= � ��HDAADA����� = �*%&&3-��������D��������������.�������AD��A�D����D���0����	E������BF�
����E�D��BF��������	E������BF���F��������)���D�����D��A���D�D� �G ���D�0���D �P2I'<Q'+'<Q2 �

�)���.�F ��g���AD�U ����A��)�A ����0����D���? ��!�@D��B �������� ������A �*%&'&-�B�����A�)D�����E��A��
�����A��0��A�����D����D����)���)�����AD�)�@D���D����������������D�����������A����D��D�������D���
�����D�0���@� �B�����A�)D�� �2I:P3+:<Q ��FCI�'& '&&S/�''3&2+&'&+&%%S+2 �

�������# B ��F��DA�E���G B ��T�A���0������? ��E�AA��G = ������O�A������ � ��E���A���# ! ������A �*%&'&-�
=E�A���D���������D����+����)D����D�A��������������������������E�A���������A�������0F�D�A��D����E���
F':SI6S�D������A�������A� �G �A�������� �S3I322+S' �

�����)�� ? �� 6D��� # � *%&&:-� ��DAD�0� ��� ��DAD1�� A������� ���� ��A����� ��10)��� ��� �� ��)D��A� ������D�)��
��A���)�������)D����D�) ���D) ���D �G �S2I3Q:+3:% ��FCI�'& ''''/. 'SQ&+&<%< %&&: &&%SQ 4 �

F����� B ! �� 6���A�� � E �� F�D����� � � �� ����O� � � �� TA��������D�� # G �� K����� � � � *'<<:-� =��D���0� ���
A�D�A�)0�D������D������������������)D��A���D���D��D������A� �G ���D)���D �S3I3QQ:+3Q:Q �

F�E�0�� � � � *%&&<-� #�� ��,������ ��� ���� ��� ��,������ ���� @��A�+��DA� )�������)�a� ?�� � ��E � BD��� �
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��)DA0I� C��A��D��� ���� ���������D1��D��� ��� �@�� ���������� ���)� �� )�������)D�� AD����0 � G � B�A �
BD����D�A �FD�������A �'PI'P'+'PS �
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G ���D)���D �P3I2:3+22' �

F������)D��T � ��K����E g ��B����ED�� � ��H������D� H � ��T���1�E �� !���A�� G � � *%&&3-�=����������
������D�A��D����+����)D����D�A������0���������D��������4���������D����D�����A�������)D���0������
����AD�D��A���)D��A���D���D��D������A�������A� �G ���D) ���D �P'I'2%P+Q& �

F�O�A��� g ��T�DO��� ��T���0���D�K � *%&'&-�H����D���DE���D�0������D�������D�D�D�0���� ��)D��A����E���AA��
��E��A��� �0� '2�� ��?�� ����+������ ���A0�D� � A=B�� BD����D�A � !��� � 3&:IQ<+:S � �FCI�
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F������� �*%&'&-�B����������D)���ED��������D����D�DAD�0������������D)DA��DAD�0���������A�����/����D�����D����
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