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Abstract — The aim of this study was to evaluate the effects of peptide fractions purified from a Sac-
charomyces cerevisiae product on the growth of the ruminal bacterium Megasphaera elsdenii. Such
compounds have been shown to affect the growth and metabolism of M. elsdenii, the ruminal bacteria
which uses lactate the most. A hydrophilic fraction purified by means of HPLC has proven to stim-
ulate cell growth, the production of butyrate (+100%) and valerate (+76.1%) as well as the metab-
olization of lactate (+ 16.9%). This chromatographic fraction was further characterized and seven
positively charged peptides were identified. It was observed that two peptides rich in lysine and his-
tidine were the most effective in stimulating growth (+ 18.5%) and lactate utilization (+ 74.1%) in
M. elsdenii. These results show that, in addition to previously studied factors such as the supply of
nutrients or oxygen removal, the presence of peptidic fractions is involved in the stimulation of bac-
terial growth by S. cerevisiae.

Megasphaera elsdenii / ramen / Saccharomyces cerevisiae / peptides

Résumé — Effet des fractions peptidiques purifiées de Saccharomyces cerevisiae sur le
développement et le métabolisme de la bactérie ruminale Megasphaera elsdenii. 1’effet de
fractions protéiques, purifiées a partir d’un produit commercial a base de cellules de Saccharomyces
cerevisiae, sur le développement de Megasphaera elsdenii a été évalué. Ces composés ont montré
une certaine influence sur le développement et sur le métabolisme de la bactérie M. elsdenii, qui est
la bactérie ruminale qui utilise majoritairement 1’acide lactique. Une fraction hydrophile purifiée par
HPLC a stimulé I’accroissement cellulaire, la production d’acide butyrique (+ 100 %) et valérique
(+ 76,1 %), et 'utilisation d’acide lactique (+ 16,9 %). Cette fraction chromatographique a été
ultérieurement caractérisée, et sept peptides chargés positivement ont été identifiés. Deux peptides
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riches en lysine et histidine ont stimulé particulierement la croissance (+ 18,5 %) et 1’utilisation
d’acide lactique (+ 74,1 %) chez M. elsdenii. Ce résultat démontre que, outre 1’apport de nutriments
et la réduction de la disponibilité en oxygene, d’autres facteurs purifiés a partir de S. cerevisiae sont
impliqués dans la stimulation du développement bactérien.

Megasphaera elsdenii / ramen / Saccharomyces cerevisiae / peptides

1. INTRODUCTION

Ruminal pH is a very important physio-
logical parameter, conditioning the rumen
microbial activity. pH values lower than
6.0, due to the intake of high amounts of
starch, lead to a reduction in fiber degrada-
tion and microbial protein synthesis [9]. In
order to prevent pH drop, ruminant diets are
supplemented with several types of buffers:
sodium bicarbonate, calcium carbonate,
magnesium oxide or clays such as zeolite.
In some instances Saccharomyces cerevi-
siae culture has been shown to reduce the
pH drop which usually follows a meal [21].

Megasphaera elsdenii is a Gram-nega-
tive bacterium which is considered to be the
main utilizer of lactate in the rumen [5] and
can be used as a rumen probiotic in order to
prevent the onset of lactic acidosis. Hibbard
et al. [7] increased dry matter intake and
reduced lactic acid concentration in the
rumen of steers inoculated with M. elsdenii;
Wiryawan and Brooker [22] reported alow-
ering in lactate concentration and pH stabi-
lization in the rumen of sheep which were
fed a large amount of grain, when M. elsde-
nii was added to their diet. However, Cook
et al. [4] were not able to obtain positive
effects on daily weight gain following the
inoculation of M. elsdenii into the rumen of
cattle. Robinson et al. [15] and Kung and
Hession [10] reported that the inoculation
of in vitro rumen cultures with M. elsdenii,
prevented the accumulation of lactate and
the subsequent pH drop.

The addition of Saccharomyces cerevi-
siae culture was shown to improve M. elsde-
nii growth [2, 16], even though the mode of
action is not yet fully understood. The aim
of this work was to measure the probiotic
activity of polypeptides purified from a

commercial product containing S. cerevi-
siae (YEA-SACC, Alltech, KY, USA).

2. MATERIALS AND METHODS

2.1. Microorganism and growth
conditions

M. elsdenii ATCC 25940 (type strain)
was cultured in an anaerobic glove box
(Forma Scientific, Marietta, Ohio, USA) at
39 °C in ATCC 566, a medium with Na-
lactate as the main energy source contain-
ing (per liter) 1.6 g of KH,POy, 3.2 g of
K,HPOQy, 16 mL of Na DL-lactate (60%
sol.), 4 g of yeast extract, 500 mg of NH,4Cl,
200 mg of CaCl,, 200 mg of MgCl,, 1 mg
of resazurin, 500 mg of cysteine-HCI-H,O.

2.2. Polypeptidic and peptidic
separation

The polypeptidic fractions were purified
from a YEA-SACC (Alltech, Lexington,
KY, USA) water solution (5 g per 50 mL
water, suspended for 1 h) by HPLC by
means of the following procedure: 5 g of
powder from yeast culture were resus-
pended in 50 mL of Milli-Q water and fil-
tered on a 0.45 pum filter. The water-soluble
components were fractionated by reversed
phase high performance liquid chromatog-
raphy (RP-HPLC) by means of an Acg-
uapore C8 column (Applied Biosystems,
Santa Clara, CA, USA). The water soluble
yeast extract was diluted 1:100 with devel-
oper A (see below) and filtered through
0.45 um filters (Millipore, Bedford, MS,
USA). Then 8 mL of this solution were
applied to the column. The chromatogram
was developed with three linear gradients
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between developer A (water containing 0.1%
of trifluoroacetic acid, TFA) and developer
B (acetonitrile plus 0.075% TFA) at a flow
rate of 1 mL per minute. After running for
9 min without developer B, the first gradi-
ent started 0% to 25% developer B for
30 min, followed by 25% to 80% for 15 min
and 80% to 100% for 10 min. The column
was then held at 100% buffer B for 10 min-
utes. The chromatographic peaks were
detected at 214 nm and computed by a Shi-
madzu CR-34 integrator (Shimadzu Corpo-
ration, Kyoto, Japan). Five peaks, P1-P2-
P3-P4-P5, were collected and submitted to
biological assay (trial 1). Ultrafiltration by
Amicon cell mod. 3 using a 5000 cut off
(C.0.) membrane was carried out in order
to determine which peaks contained pep-
tidic or polypeptidic components. The
ultrafiltrate and retentate were analyzed by
RP-HPLC as described above.

The first peak proved to be biologically
active; in order to establish if biological
activity was due to free amino acids or small
peptides, the amino acid composition was
determined by RP-HPLC and weak cati-
onic exchange and chelating chromatogra-
phy was performed.

Both free and total amino acids in peak 1
were determined by o-phthaldialdehyde pre-
column derivatization according to Umagat
et al. [18]. The amino acid separation was
performed by using a complete Gilson
pumping system consisting of 305 and
306 pumps combined with a Manometric
Module, for gradient HPLC, a Dynamic
Mixer and a 121 fluorometer. Separation of
free amino acids and acid hydrolysis of
peak 1 were carried outona 25 cm X 4.6 mm
L.D. ultrasphere column packed with 5 um
ODS particles (Beckman, Berkeley, CA,
USA).

A copper-chelex 100 resin (Bio-Rad,
Hercules, USA) was used to fractionate
amino acids and peptides. The sample was
dissolved in water, injected and eluted
using 100 mL of 1 mM NHj first then
200 mL of 5 mM NHj with a flow of 1 mL
per min. The absorbance of the eluted frac-

tions was measured at 280 nm [1]. Seven
fractions, identified as F1-F2-F3-F4-F5-
F6-F7, were thus isolated.

2.3. Growth studies

Two different sets of trials were carried
out. In trial 1 the effect of peptides from
YEA-SACC was studied, while in trial 2 the
seven individual fractions isolated from
peptide P1, a mixture of all fractions in
equal amounts and filter sterilized filtrate of
YEA-SACC prepared as described by Nisbet
and Martin [14] were tested. The biological
activity of the eluted fractions was assessed
as follows: equal amounts of the purified
fractions were dissolved in Milli-Q water
and filtered on 0.45 pum filter. In trial 1, all
of the treatments were added to the medium
in the amount of 1% of the final volume,
while in trial 2 the solutions were added to
the medium in the amount of 0.50% of the
final volume. The same volume of sterile
distilled water was added as a negative con-
trol.

The microbial growth was determined
by optical density at 600 nm (ODg) by
means of a Shimadzu spectrophotometer.
The production of volatile fatty acid (VFA)
and the concentration of lactate were also
measured by gas-chromatography, using the
method proposed by Fussell and McCailey
[6].

2.4. Experimental design

Data were analyzed using the GLM pro-
cedure of the SAS statistical package [17];
two different trials were carried out, with
three replicates for each treatment in the
trial, so as to have 6 replicates/treatment.
Optical density and AGV concentration at
24 hours were performed on 4 samples per
treatment. The statistic model was as fol-
lows:

Y=pu+T+F+e¢

where:
Y = observed parameters (lactate utiliza-
tion, VFA production, ODg)
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Figure 1. HPLC separation of polypeptides con-
tained in the water-soluble fraction of S. cerevi-
siae culture. Different peaks are identified with
numbers.

| = overall mean

T = treatment effect

F = effect of fermentation
€ = experimental error.

3. RESULTS

3.1. First experiment
3.1.1. HPLC separation of yeast peptides

Since the aim of this work was to identify
the active compound from S. cerevisiae that
is able to stimulate the growth of the anaer-
obic rumen bacterium M. elsdenii, the first
approach was the identification of active
peptides from yeast cells. Figure 1 shows
the HPLC chromatogram of the water-sol-
uble fraction from YEA-SACC; five peaks
were detected and the amount of each peak
was subsequently determined. Considering
that the separation occurred on a column
with an aliphatic chain of 8 carbons, the
fractionation of water-soluble components
was based on the hydrophobic properties of
the molecules, depending on the charge/
size ratio. Ultrafiltration on 5000 C.O. and
subsequent RP-HPLC analysis showed that
peaks 1 (37.4% of total fractions), 2 (2.3%

F. Rossi et al.

Table I. Amino acid composition of peak 1 (P 1)
isolated from filter-sterilized YEA-SACC filtrate.

AMINO ACIDS % on total amino TOTAL

acids
Negatively charged 11.23
Aspartate 5.94
Glutamate 5.29
Positively charged 45.65
Histidine 13.85
Arginine 6.26
Lysine 25.54
Hydrophilic 20.51
Serine 5.99
Glycine 7.72
Threonine 6.79
Tyrosine 0.00
Hydrophobic 22.61
Alanine 3.42
Methionine 3.51
Valine 10.31
Phenylalanine 0
Isoleucine 4.55
Leucine 0.81

of total fractions), 3 (23.4% of total frac-
tions) and 4 (0.4% of total fractions) were
detected in the ultrafiltrate, their compo-
nents having a molecular weight> 5000 Da,
whereas peak 5 (36.5% of total fractions)
was recorded in the retentate, hence its
composition should be ascribed to the
polypeptidic components.

Thus, the fast elution of peak 1 is due to
the smallest, positively charged components,
corresponding to free amino acids and two
or three unit peptides. Peak 2 is due to pep-
tides with higher molecular weights than
peak 1 and peak 5, corresponding to the
polypeptide fraction which was eluted from
100% buffer B. As reported in Table I, frac-
tion 1, is mainly due to lysine, histidine, and
valine.
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Table II. Effect of polypeptidic fractions, from yeast culture, on the growth of Megasphaera elsdenii,

expressed as optical density at 600 nm.

Optical density (600 nm)

Hours of

incubation ol PI+P2 P2 P3 P5 Mix SE
4 0.327BCc  (0.491Ee 0.294Bb 0.095Aa 0.353C¢ 0.396Pd 0.011
6 0.819Bb 1.081¢d 0.843Bbe 0.416A3 0.812Bb 0.866B¢ 0.014
7 1.040€ 1.297E 1.019€ 0.801A 0.9398 1.120P 0.017
8 1.112€¢ 1.377Ee 1.122€Pe  (.883Aa 0.980Bb 1.188Pd 0.017
24 0.649C¢ 0.706C4 0.600Bb 0.564Bb 0.839De 0.487Aa 0.014

Means in the same row with different letters are significantly different: -b-¢.d.¢: P <(,05;A.B.C.D.E: p<(.01.
Mix: mix of all polypeptidic fractions, added in equal volume; SE: standard error.

3.1.2. Growth experiment

Bacterial growth was increased when a
mixture of fractions 1 and 2 was added to
the medium: higher values of ODgy, (Tab. II)
and VFA production were observed both at
8 and 24 h of growth, lactate utilization after
24 h of incubation was also increased
(Tab. IIT). Higher VFA production, con-
cerning fatty acids derived directly from
lactate dissimilation, like butyrate, or indi-
rectly as valeric acid, which is synthesized
through propionate, was mainly observed
after 8 h of growth (Tab. III).

The addition of the polypeptide mixture
2 and 3 did not affect the bacterial metabo-
lism as compared to the control, while the
addition of fraction 5 reduced the microbial
growth, even when mixed with other treat-
ments.

3.2. Second experiment
3.2.1. HPLC fractionation of peak 1

The results achieved suggest that frac-
tion 1 contains biologically active com-
pounds that stimulate the growth and
metabolism of M. elsdenii. In order to fur-
ther investigate on active peptides, peak 1
was fractionated by a low pressure weak
cation exchange and chelating liquid chro-

matography. Seven peaks were thus iso-
lated and collected. Peaks 1-2-3 were due to
free amino acids negatively charged or
without charge, while peaks 4-5-6-7 were
caused by positively charged free amino
acids and peptides. Since chromatographic
separation was performed at an alkaline pH,
from 1mM to 5 M ammonia solution, the
amino acids and peptides with negative net
charge were first eluted. When the positive
charge was predominant, the amino acids
were eluted first, followed by the peptides.
Thus, peaks 6 and 7 were due to a higher
amount of positively charged peptides than
the others.

3.2.2. Growth experiment

The supplementation of the medium
with peptides 5-6-7, their mixture and
YEA-SACC led to an increase in growth,
expressed as ODyg o after 4 hours of incu-
bation when compared with the control. The
growth rate of the microbial culture supple-
mented with peptides 1-2-3 was increased
after 7 hours of incubation (Tab. IV). The
growth of bacteria cultured in the medium
supplemented with F6, F7, their mixture
and YEA-SACC was the same as in the con-
trol. The differences in ODg ,,, detected
after 24 h of growth are meaningless and
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Table III. Effect of polypeptides, purified from the soluble fraction of YEA-SACC, on lactate
utilization (%) and VFA production (mM-L-1) of Megasphaera elsdenii.

VFA concentration (mM-L-1)

Items! Total VFA  Lactate utilization (%)
Acetate Propionate Butyrate ~ Valerate
8 hours of growth
Control 28.8b 43.0b 7.14 6.74 85.6° 77.7%¢
P1+P2 29.5Bb 47.58 14.2B¢ 11.88 103.3B¢ 90.8B¢
P2 30.3Bb 44.6b 6.4A2b 5.64 86.8P 73.9b
P3 31.8Bb 44.3b 6.9Aab 6.54 89.7> 75.6>
P5 23.12 32.84a 5.50a 574 67.242 61.3A2
Mix 22.4Aa 34482 7.9Ab 6.94 71.6A2 69.6A2b
SE 0.512 0.682 0.484 0.508 0.868 4.448
24 hours of growth
Control 30.3Bb 36.2Bb 21.7Bb 23.3B 113.78 93.9Aa
P1+P2 24.3b 36.8Bb 14.4ABab 21.78 98.1B 98.1ABb
P2 27.2b 34.5> 15.1ABab 21.0B 99.2B 99.2ABb
P3 28.3b 33.1b 14.5ABab 16.0B 85.3B 97.8ABb
P5 14.4A2 14.54a 9.042 11.64 49,74 98.8ABb
Mix 15.644 19.62 9.0Aa 11.74 56.34 99.2Bb
SE 1.025 1.521 1.398 0.731 2.018 0.196

Means in the same row with different letters are significantly different: 4 B: P < 0.01; * " ¢: P <0.05.

I Numbers show several peaks.

Mix: mix of all polypeptidic fractions, added in equal volume, SE: standard error.

mainly due to aging and starvation of the
bacterial population.

3.3. VFA production

After 8 hours of growth, VFA concen-
tration (Tab. V) was higher in the bottles
containing peptides 6 and 7 than in the con-
trol, while no positive effects were induced
by F4 supplementation. Lactate disappear-
ance was improved by supplementation with
peptides 4-5-6-7, their mixture and YEA-
SACC, and no differences were observed
between these treatments. Except for F1, all
the treatments led to increased synthesis of
butyric acid, the supplementation with a
mixture of all seven peptides led to a higher
production of this acid when compared with

the individual supplementation of F1-F2-
F3-F4. An increase in valeric acid produc-
tion was observed only in the bacterial
cultures supplemented with peptide 7, the pep-
tide mixture and with YEA-SACC. F6 and
F7 increased acetate production, while pro-
pionate synthesis was improved by F7 only.

The hypothesis that lactate is converted
to butyrate and valerate, is supported by the
positive relationship between the percent-
age of utilized lactate and the production of
butyrate (r2 = 0.74; P < 0.01) and valerate
(r2 = 0.58; P < 0.01). No significant rela-
tionship was detected between lactate
uptake and acetate (r2=0.12; P<0.318)and
propionate (12 = 0.036; P < 0.600) produc-
tion.
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Table IV. Effect of fractions, isolated from peak 1, on the growth of M. elsdenii expressed as optical

density at 600 nm (O.D.¢ ) Of the culture.

OD 600 nm)

Hours of

growth Control

Fractions

F1 F2 F3 F4

F5 Fo6 F7

Mix YEA-SACC SE

2 0.073 0.067 0.066 0.068 0.070 0.076 0.078 0.080 0.080 0.077  0.0054
4 02352 0.236% 0.2342 0.2362 0.2448b (.262b¢ 0.273¢d 0.275¢d 0.2919 02824  0.0068
6 0.4342 0.489bc (0.4772b (.488b¢ 0.522bed . 532¢de ,538¢de 0,571de 0.577¢  0.567d¢  0.0179
7 0.7012 0.786" 0.774b 0.798b 0.821bcd 0.795P 0.850°dc 0.879d¢ 0.8619 0.870¢ 0.0186
9 0.8832 0.962° 0.970P 0.991b¢ 0.988b¢ 1.036¢d 1.022¢d 1.0464 1.034°d  1.031¢d 0.0174
24 1.255¢ 1.241¢de 1,248de 1 237bed | p41cde | 204ab 1 230abe 231abe 12192 12192  0.0048

Means in the same row with different letters are significantly different: & b ¢ d.¢: P < 0.05.
Mix: mix of all polypeptidic fractions, added in equal volume; YEA-SACC: a commercial product contai-

ning S. cerevisiae; SE: standard error.

After 24 hours of growth (Tab. V), areduc-
tion in the concentration of acetate and an
increase in butyrate and valerate were
recorded. This could be due to the accumu-
lation of H, in aged bacterial culture, result-
ing in the accumulation of reduced coen-
zZymes.

Microorganisms can use two molecules
of acetate to produce butyrate [8] or obtain
valerate by the combination of acetate and
propionate; both reactions allow the re-oxi-
dation of reduced coenzymes [5, 11]. A
positive relationship (12 = 0.428; P < 0.05)
was observed between the concentration of
valerate at 24 h and the decrease in acetate
+ propionate from 8 to 24 h.

4. DISCUSSION

Since peptide 2 did not stimulate M. elsde-
nii growth and since it represents only a
small percentage of the peptides purified
from YEA-SACC (Tab. I), the positive
effect observed was probably due to the
hydrophilic fraction 1. Chen et al. [3]
observed higher growth of M. elsdeniiin the
presence of hydrophilic peptides.

The addition of a small hydrophilic
peptide (463 Da) to the culture medium
improves the growth of gram-negative bac-
teria, such as M. elsdenii, more than the
addition of its free amino acids [23].

The uptake of charged compounds could
allow ATP synthesis [12], and although it
is not known whether M. elsdenii has ATPase
activity or not, the use of an ATPase inhib-
itorreduced L-lactate utilization by M. elsde-
nii by approximately 30% [19].

According to Zaho et al. [23], hydrophilic
peptides could enhance the assimilation of its
constituent amino acids through the stimu-
lation of a particular peptide transport sys-
tem depending on the peptide structure.

As reported in Table I, the peptidic frac-
tion 1 is made up of positively charged
amino acids, such as histidine and lysine,
and this fact probably plays an important
role in the growth stimulation of M. elsde-
nii. Peptides 4-5-6-7 and the mixture of all
seven fractions led to an increase in the uti-
lization of lactate similar to that obtained
with the sterile filtrate of YEA-SACC. Fur-
thermore fraction 7 promoted the synthesis
of acetate and propionate.
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Table V. Effect of fractions, purified from peak 1, on lactate utilization (%) and VFA production

(mM-L-1) of Megasphaera elsdenii.

VFA concentration (mM-L-1)

ftems Acetate Propionate Butyrate Valerate Total VFA Lactate utilized
8 hours of growth
Control 25.39Aa 37.442 2.28Aa 0.74Aa 65.84Aa 35.33ABab
Fl 30.04Aba 47.02ab 2.61ABab 0.94Aab 80.62ABabe 34.084Aa
F2 31.81ABab 47.84ab 3.57BCDc 1.13ABab g4 34ABabc 4] 58ABCabe
F3 32.63ABab 48.44ab 3.45BCbe 1.07ABab g5 gpABabe 49 05ABCDbed
F 4 27.19Aa 38.682 3.45BCbe 1.36ABabe 70, 68ABa 59.27¢Dd
F5 31.29ABab 42238 4.22CDed 1.31ABabe 79 pgABabc 57 0gCDd
F6 39.82Bb 52.81ab 3.99€CDed 1.35ABabc 97 9gABbe 58.86CDd
F7 34.95ABb 59.08b 4.28CDed 1.98Bc 100.28B¢  54,72BCDcd
Mix 30.38Aba 474130 4.69Dd 1.93B¢ 84.4]1ABabc 61.50Pd
YEA-SACC 27.76A4 40.83% 4,07CDed 1.60ABbc 74 27ABab 53 58BCDcd
SE 1.3508 2.1623 0.4061 0.5703 2.3417 1.6708
24 hours of growth
Control 27.53% 45,280 18.29BCbe 19.83b 113.15% 95.56ABbe
F1 24.102b 40.123b 15.60ABb 15.002 97.05% 96.58ABbe
F2 23.512b 40.2020 16.73BCb 18.242b 100.123b 94.37ABab
F3 21.682 38.842 15.38ABb 15.172 92.55% 96.40ABbe
F4 26.65% 46.880 11.554Aa 17.1420 104.57%b 90.18Aa
F5 26.26%0 40.40%0 18.04BCbe 19.45ab 106.142b 97.44Bbe
F6 29.57b 50.98b 16.91BCb 18.392b 118.52b 96.03ABbe
F7 26.812b 45,28 16.93BCb 15.582 106.680 99.04Bc
Mix 24.14ab 38.082 17.88BCbe 17.82ab 99.89ab 95.42ABbe
YEA-SACC 27.154 42,613 20.15C¢ 22.43b 114.908  95.93ABbe
SE 4.4866 7.5817 2.0766 3.8394 14.3503 3.0816

Means in the same column with different letters differ: & b ¢ d: p < (0.05; A-B.C.D: p<0.01.
Mix: mix of all polypeptidic fractions, added in equal volume, YEA-SACC: a commercial product con-

taining S. cerevisiae; SE: standard error.

The improvement of lactate uptake could
be due to the generation of a proton gradi-
ent; a proton motive force is in fact involved
in L-lactate transport by M. elsdenii [21]
and the uptake of highly charged polypep-
tides, could generate a proton gradient.

Free amino acids are probably not
involved in growth stimulation since they
only meet 37% of the energy maintenance
requirements of M. elsdenii [20].

Lactate is fermented by M. elsdenii to
propionate and butyrate [5], both of these
pathways allowing the extrusion of H* and
the re-oxidation of reduced coenzymes.
Since the synthesis of butyrate requires
acetyl-CoA, derived from acetate, the pro-
duction of butyric acid reduces acetate pro-
duction; this could explain why the addition
of polypeptides 1 + 2 did not improve acetic
acid production. Hino et al. [8], were able
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to reduce H, production by M. elsdenii and
to increase the synthesis of butyrate by add-
ing acetic acid to the culture.

Different modes of action have been sug-
gested to explain the probiotic effects of
S. cerevisiae culture on rumen bacteria: the
supply of organic acids, amino acids, B vita-
mins [14, 19], or oxygen removal [13].

Our results show that other factors are
involved in the stimulation of bacterial
growth, and the soluble peptides contained
in S. cerevisiae culture could improve the
growth of M. elsdenii.
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