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Yeast hydrolysate product enhances ruminal fermentation in vitro
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Summary

The present study examined the mode of action of a patented Saccharomyces cerevisiae yeast hydrolysate product (YHP) on the
fermentation of bovine rumen in vitro. Three experiments were conducted. Fresh fluid from rumen-cannulated dairy cows was
used as an inoculum to ferment a mixture of grass silage and concentrate feed with or without YHP. The first two experiments
were batch fermentations of 12–24 h duration while the third experiment was a semi-continuous fermentation of six days.
Production of gas, concentration of short chain fatty acids (SCFAs), microbial cell density and pH were measured from
the fermentation medium as a function of time. In experiment 1, YHP dose-dependently stimulated the production of gas,
and increased the density of microbial cells and concentration of SCFAs. Experiment 2 studied the effect of YHP on the
ruminal fermentation using three ratios of concentrate feed to grass silage (25:75, 50:50, and 75:25). Both YHP and the ele-
vated proportion of concentrate in the feed mixture significantly increased the production of gas, microbial populations and
SCFAs, including propionic acid, by the ruminal microbiota. In experiment 3, YHP increased the concentration and relative
proportion of propionic acid in the fermentation medium. YHP stimulated the rate of microbial fermentation of bovine
ruminal microbiota, indicated by the effects on gas and SCFA production and microbial mass in these experiments. In par-
ticular, YHP increased the production of propionic acid. These results, which were likely due to modulation of microbial com-
munity by YHP, suggest that YHP enhances bovine ruminal fermentation and may thus improve the performance of these
animals.
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Introduction

By the use of direct-fed microbials (DFM) such as yeast and
lactobacilli, it is possible to modulate rumen fermentation
and microbiota, and thus improve feed digestibility and the
performance of dairy cattle (Desnoyers et al., 2009). Live cul-
tures of Saccharomyces cerevisiae, like brewer’s and baker’s yeast,
are themost commonly usedDFMs in ruminant production.
Saccharomyces cerevisiae supplementation has been shown to
stabilise ruminal pH and increase the concentration of vola-
tile fatty acids (VFAs), as well as to increase the feed intake
and milk yield in dairy cows (Desnoyers et al., 2009).
The action of yeast hydrolysate in the bovine rumen

appears to differ from live yeast, because its cell wall

structures and intracellular organs are exposed to ruminal
microbes. Rossi et al. (2004) observed that peptidic fractions
of Saccharomyces cerevisiae stimulated the growth of
lactate-utilising bacterium Megasphaera elsdenii. According to
Meissner et al. (2014), a Saccharomyces cerevisiae yeast hydrolys-
ate product (YHP) increased the growth ofMegasphaera elsde-
nii and stimulated fermentation by bovine ruminal microbes
in vitro. In a trial with neonatal Holstein calves, YHP
enhanced the production of immune-related serum pro-
teins, suggesting an improved immunocompetence against
infectious diseases (Kim et al., 2011). Recently, the same
product was observed to increase milk yield and decrease
somatic cell counts in dairy cows (Gaffney et al., 2014).
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In the following trial the effect of YHP on ruminal fer-
mentation in vitro was studied in detail. The dose-
dependency of the effects of YHP and different ratios
of concentrate feed (CF) to grass silage (GS) were inves-
tigated. The production of gas and short chain fatty acids
(SCFAs), and the increase in microbial cell density were
used as determinants of the microbial fermentation and
growth rate. SCFAs are here referred to as the sum
total of lactic acid and volatile fatty acids (VFAs). By
modifying the fermentation procedure or sampling time
points between the experiments we aimed to find the
most consistent effects of YHP.

Materials and methods

The patented yeast hydrolysate product YHP (Progut®

Rumen, patent no EP 1387620, Suomen Rehu,
Hankkija Ltd, Hyvinkää, Finland) was used in all experi-
ments. YHP is a free flowing powder which includes
66% Saccharomyces cerevisiae, 14.5% sodium phosphates,
16.5% extracts from barley and barley malts, and 3%
anti-caking agent sepiolite. The nutritional properties of
YHP are 5% moisture, 34% crude protein, 1.8% crude
fat, and 25% ash. The concentrate feed (CF) used in
the fermentation for lactating dairy cows
(Lypsy-Krossi®, Suomen Rehu, Hankkija Ltd,
Hyvinkää, Finland) was based on oats, barley, wheat
bran, rapeseed meal, sugar beet pulp, vitamins and
minerals, and contained 18.4% crude protein, 30.1%
starch, 27.2% non-digestible fibre, and 12.4 MJ/kg dry
matter (DM). The grass silage (GS) was a mixture of tim-
othy (Phleum pratense) and meadow fescue (Festuca praten-
sis). Immediately after sampling the GS was
anaerobically packed into glass containers and stored at
+ 4 °C until used, to prevent aerobic spoilage. GS was
cut into ∼1 cm pieces and CF was milled to ensure
homogenous particle size, the DM was determined,
and the feeds were dosed into simulation vessels based
on DM.
The in vitro protocol was modified from that of

Meissner et al. (2014). Rumen-cannulated dairy cows
were used as donors of rumen fluid. The use of the ani-
mals was authorised by the National Animal Experiment
Board of Finland. The inoculum was collected using a
vacuum pump from the middle part of rumen, before
the first daily feeding of the cow. The ruminal fluid
was immediately sealed in air-tight thermos container
and transported to the laboratory of Alimetrics Ltd
(Espoo, Finland) at 37 °C, and used as an inoculum

within one hour of collection. Before the inoculation,
rumen fluid was strained through a 3-mm steel mesh
under protective anoxic gas flow to remove large solid
particles.
Glass serum bottles (120 ml) were used as the fermen-

tation vessels. Feed components and YHP were weighed
directly into the vessels. The vessels were then flushed
with CO2 gas which had been passed through a hot cop-
per catalyst to remove any residual O2, and sealed with
butyl rubber stoppers and aluminium seals. The fermen-
tation was initiated by adding temperature-adjusted,
anaerobic artificial saliva (Goering and Van Soest,
1970) and fresh ruminal fluid into the vessels to the
total volume of 40 ml under CO2 gas flow. The size of
fresh rumen fluid inoculum was 2.5%. The inoculation
of the vessels was done in random order to avoid system-
atic shifts caused by the inoculation order. The vessels
were continuously shaken in a gyratory shaker at 100
rpm. and kept at +37 °C. The total duration of each
experiment and the intermediate sampling points are
given below.
At chosen time points, the production of gas in the fer-

mentation vessels was measured, and samples for the
analysis of pH, SCFA profile, and microbial cell density
were withdrawn. Gas production was measured by punc-
turing the rubber stopper with a needle connected to an
accurate glass syringe with a sensitive ground plunger,
and recording the volume of gas released from the bot-
tles. A 1 ml sample of the fermentation medium for
the other analyses was drawn from each vessel through
the rubber stopper with a syringe and a needle and intro-
duced into a numbered plastic microcentrifuge tube. The
pH of the medium was measured immediately with a
pH-meter, and the microbial cell density (i.e. population)
and SCFA profile were measured as described below.
Due to sampling, the total 40 ml volume of the fermen-
tation medium was reduced by 2 ml in Experiments 1
and 2. This systematic error caused by the sampling
was considered negligible and did not affect the between-
treatment comparison, as each vessel was treated in the
same way.
In experiment 1 the dose-dependency of the effects of

YHP was studied. The total feed DM was 1 g/vessel,
with 1:1 ratio of CF and GS on a DM basis. Three
doses of YHP were added on top of the feed: 0
(Control), 25, and 50 mg/vessel. The control treatment
was replicated ten times and the other treatments five
times. The sampling time points were 6, 9, and 12
hours post-inoculation.
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Experiment 2 measured the effect of YHP on ruminal
fermentation with different ratios of CF to GS, repre-
senting different feeding regimens of lactation phases
of dairy cows. The amount of fresh rumen fluid inocu-
lum was 2.5%. The three diets used were constructed
by weighing different ratios of CF to GS (DM) into
the vessels as follows: 1) 0.25 g of CF and 0.75 g of
GS (CF 25%), 2) 0.50 g of CF and 0.50 g of GS
(CF 50%), 3) 0.75 g of CF and 0.25 g of GS
(CF 75%). When present, YHP was introduced at one
dose, 50 mg/vessel on top of the feed. The total feed
DM was set to 1 g/vessel. Each treatment was replicated
five times with sampling time points at 6, 12, and 24
hours post-inoculation.
In experiment 3 a six-day semi-continuous fermenta-

tion procedure was designed. The total feed DM was
0.5 g DM/vessel (0.25 g of CF and 0.25 g of GS/vessel).
YHP was introduced at 25 mg/vessel on top of the feed.
After 6 and 24 hours gas production was measured, and
the total production of gas/day was calculated. At the 24
h time point, a 1 ml sample was taken for the analysis of
pH, SCFA profile and microbial cell density. Following
this, 8 ml of the grown culture was transferred into a
new vessel with the same quantity of feed and YHP
and 32 ml of buffer solution. The 8 ml inocula acted as
a starter culture for the next 24 hours. This ‘fed-batch’
procedure was repeated five times.
All SCFA profiles were analysed as free acids by gas

chromatography as described in Kettunen et al. (2014).

The total bacterial numbers in the samples were mea-
sured by flow cytometry as described in Apajalahti et al.
(2002).
One-way analysis of variance (ANOVA; Experiments

1 and 3) and two-way ANOVA (Experiment 2) were
used for the statistical evaluation of the data, using the
general linear model procedure of the SPSS software
(IBM, version 22). Data for bacterial cell density was log-
transformed (log10) prior to statistical analysis. Effects
were considered significant at P < 0.05 and as trends at
P < 0.10. In Experiment 1, Tukey’s honest significant
difference (HSD) test was used to separate means
when the treatment effect was significant. Means that dif-
fered significantly according to Tukey’s HSD are denoted
in the tables with a different letter superscript.

Results and Discussion

Laboratory model systems of bovine ruminal fermenta-
tion have been used both for the nutritional research
of dairy cows and for biotechnological purposes
(e.g. Weimer et al., 2009). Compared to in vivo trials, the
advantages of artificial rumen techniques include better
control of experimental conditions and less variation
between the replicate samples. The short batch-type fer-
mentation model used in the present experiment allowed
using fresh rumen fluid with authentic microbiota as
inoculum. However, in this approach, the use of high
doses of test substance was necessary to detect

Table 1. Effect of adding YHP to in vitro rumen fermentation on gas, VFA and SCFA production and pH over a 12 hour period

YHP, mg/g
ANOVA

Parameter Control 25 mg 50 mg SEM P-value

6 h

Gas 0–6 h, ml 51.1a 51.4a 53.3b 0.809 0.007

Microbes cells/ml fw 1.13E + 09 1.25E + 09 1.36E + 09 1.38E + 08 0.114

Propionic acid, mM 8.30 8.67 9.03 0.472 0.160

Lactic acid, mM 32.28 32.53 34.66 1.323 0.085

Total SCFAs, mM 64.21a 65.47ab 68.65b 1.46 0.004

pH 6.462a 6.456ab 6.400b 0.027 0.023

9 h

Gas 0–9 h, ml 93.55a 94.60ab 96.90b 1.587 0.046

Microbes cells/ml fw 1.68E + 09 1.82E + 09 2.11E + 09 2.38E + 08 0.108

Propionic acid, mM 29.16 29.40 30.64 0.982 0.174

Lactic acid, mM 6.28 5.96 5.44 2.229 0.888

Total SCFAs, mM 77.17a 77.25a 79.98b 0.960 0.004

pH 6.26 6.23 6.19 0.033 0.056

12 h Gas 0–12 h, ml 121.2a 123.0a 126.1b 0.911 0.000

Microbes cells/ml fw 2.62E + 09ab 2.47E + 09a 2.94E + 09b 1.74E + 08 0.040

Propionic Acid 39.31a 40.47ab 41.66b 0.946 0.016

Total SCFAs, mM 92.94a 95.27ab 97.97b 1.931 0.012

pH 6.103b 6.078ab 6.056a 0.014 0.001

Means not sharing a superscript differ significantly (P < 0.05)
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measurable effects during three to four doublings of the
native microbiota which had not encountered the test
substance before.
Production of gas is a good indicator of overall rate of

microbial fermentation in rumen. In experiment 1, YHP
significantly increased the cumulative production of gas
at all the time points: 6, 9 and 12 h (Table 1). In experi-
ment 2, with all CF to GS ratios, gas production and
microbial cell density were significantly increased by
YHP inclusion (Table 2). However, the effect of YHP
on gas production in experiment 3 was inconsistent, ran-
ging from no effect to small but statistically significant
decrease (days 2 and 3, P < 0.05; Table 3). Overall,
these experiments supported the earlier findings of
Meissner et al. (2014) which suggested that YHP stimu-
lates the rate of gas production by ruminal microbiota.
Microbial biomass is the main source of protein for

dairy cows and thus essential for their performance.
Wiedmeier et al. (1987) observed that cultures of
Saccharomyces cerevisiae and Aspergillus oryzae increased the
density of cellulolytic bacteria in the rumen of non-
lactating dairy cows by 40%. In the present study, YHP
stimulated the production of microbial cell density statis-
tically significantly at all the time points of experiment
2. The maximum increase of microbial cell density in
experiment 2 was 18–20% in the CF 25% treatment
and 9–12% in the CF 50% and CF 75% treatments.
Significant increases in microbial cell numbers was fur-
ther observed in day 2 of experiment 3 (P < 0.05;
Table 3). In most other treatments of these experiments,
YHP numerically increased microbial cell density. The
study thus indicated that YHP increases microbial density
in this in vitro model system.
In the bovine rumen, pH is decreased by microbial fer-

mentation products like SCFAs (Mills et al., 2014). Since
the simulation vessels of the present model system lack
an absorptive surface, pH decreases through time as
the fermentation products accumulate in the medium.
We monitored pH to ensure that it remained at accept-
able range to represent ruminal fermentation. Indeed,
pH stayed above 6.0 in the first two experiments
(Tables 1 and 2) and varied between 5.68 and 5.98 in
Experiment 3; Table 3). pH was slightly but significantly
decreased by YHP in these experiments, likely because of
YHP-induced stimulation in the fermentation rate.
Previously, in vivo studies have demonstrated an average
increase of rumen pH by approximately 0.03 units as a
response to Saccharomyces cerevisiae supplementation
(Desnoyers et al., 2009). In contrast, in an in vitro batch
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Table 3. Gas production, microbial cell density and pH in rumen fermentation conducted with or without addition of YHP over a six day period

Item Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Gas, ml/day

Control 82.13 76.38 72.50 61.67 70.50 71.50

YHP 82.63 74.25* 69.75** 64.50 69.63 70.50

SEM 1.08 0.64 0.69 6.63 0.66 1.22

Microbes, cells/ml

Control 2.4E + 09 2.5E + 09 2.2E + 09 2.9E + 09 3.1E + 09 3.3E + 09

YHP 2.8E + 09� 3.0E + 09* 2.5E + 09 3.5E + 09 3.2E + 09 3.6E + 09

SEM 1.5E + 08 2.1E + 08 3.2E + 08 3.6E + 08 1.9E + 08 4.9E + 08

pH

Control 5.94 5.68 5.79 5.98 5.78 5.78

YHP 5.77 5.63� 5.76 5.81 5.72** 5.73�

SEM 0.11 0.03 0.02 0.25 0.01 0.02

*P = 0.05; *P = 0.01; ***P = 0.001

Table 5. Concentration of SCFAs from in vitro rumen fermentation with and without YHP supplementation over as six day period

Item Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Acetic acid, mM

Control 89.33 73.62 68.73 65.05 59.27 60.98

YHP 87.78 77.52 66.43 64.27 56.98* 57.16�

SEM 2.87 4.53 1.21 1.64 0.89 1.88

Propionic acid, mM

Control 30.96 40.32 45.33 48.25 45.41 46.68

YHP 31.98 49.19** 54.14** 56.41** 55.79*** 55.71***

SEM 1.36 2.04 1.44 1.01 1.11 0.90

Butyric acid, mM

Control 18.97 13.32 13.57 12.96 10.65 10.26

YHP 18.46 12.81 11.92* 12.45 9.66 8.80**

SEM 0.61 0.50 0.62 0.79 0.76 0.66

Total SCFAs, mM

Control 142.10 131.88 132.70 134.13 120.58 123.93

YHP 142.80 142.14 135.64 136.37 125.35** 124.76

SEM 4.53 5.01 1.51 2.59 0.95 4.58

Propionic acid, %

Control 30.96 40.32 45.33 48.25 45.41 46.68

YHP 31.98 49.19** 54.14** 56.41** 55.79*** 55.71***

SEM1 1.36 2.04 1.44 1.01 1.11 0.90

*P = 0.05; *P = 0.01; ***P = 0.001

Table 4. Concentration of SCFAs in the three dietary treatments: concentrate feed (CF) 25%, CF 50% and CF 75%

CF 25% CF 50% CF 75% Two-way ANOVA P-values

Time Item Control YHP Control YHP Control YHP SEM Diet YHP Interaction

6 h

Acetic acid, mM 10.04 10.06 10.02 10.15 9.15 9.72 0.39 < 0.001 0.052 0.161

Propionic acid, mM 3.01 2.88 2.77 2.90 2.59 2.77 0.23 0.017 0.413 0.185

Butyric acid, mM 1.45 1.42 1.14 1.17 0.86 0.93 0.05 < 0.001 0.248 0.049

Lactic acid, mM 25.95 28.26 28.55 31.52 32.26 34.76 1.91 < 0.001 < 0.001 0.889

Total SCFAs, mM 41.05 43.24 43.03 46.30 45.33 48.68 2.18 < 0.001 < 0.001 0.729

12 h

Acetic acid, mM 23.88 25.30 26.00 25.82 23.56 24.60 1.09 < 0.001 0.300 0.141

Propionic acid, mM 21.75 23.84 25.90 25.99 22.01 23.43 1.09 < 0.001 0.001 0.060

Butyric acid, mM 3.77 4.05 4.47 4.62 4.12 4.16 0.23 < 0.001 0.035 0.385

Lactic acid, mM 14.57 17.26 22.45 25.07 36.31 35.14 3.81 < 0.001 0.247 0.315

Total SCFAs, mM 64.19 70.55 78.94 81.51 86.00 87.33 4.58 < 0.001 0.022 0.324

24 h

Acetic acid, mM 47.36 49.78 48.01 50.42 46.09 49.62 1.31 0.034 < 0.001 0.427

Propionic acid, mM 38.41 42.01 50.29 54.26 61.89 66.18 1.36 < 0.001 < 0.001 0.793

Butyric acid, mM 7.38 7.67 8.51 8.74 8.63 8.97 0.48 < 0.001 0.061 0.950

Lactic acid, mM 1.15 1.85 1.33 1.16 3.28 1.69 1.82 0.289 0.414 0.176

Total SCFAs, mM 95.91 103.00 109.50 116.15 120.81 126.84 2.69 < 0.001 < 0.001 0.868
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fermentation model, the same product either increased or
decreased pH depending on the forage type (Mao et al.,
2013). In vivo studies are needed to evaluate the true
effect of YHP on the pH of bovine rumen.
It has been previously reported that the concentration

of lactic acid rapidly rises in the bovine rumen after a
meal, and is positively correlated with the proportion
of CF in the meal (Counotte et al., 1983; Mills et al.,
2014). Lactic acid was the first individual SCFA to rise
also in the present study, as demonstrated by the 6 h
time points of experiments 1 and 2 in which the propor-
tion of lactic acid was 50–70% of the total SCFAs
(Tables 1 and 4, respectively). However, lactic acid con-
centration remained below 3 mM in the 12 and 24 h
timepoint samples. In experiment 3, lactic acid was not
detected at all. The results suggested that lactic acid
was a transient metabolite, as is the case in bovine
rumen in vivo (Mills et al., 2014). YHP further increased
the lactic acid concentration in the 6-h time point from
experiment 2 (P < 0.001; Table 4). As expected, the
increased dietary CF content in experiment 2 significantly
increased the lactate in the fermentation medium
(Table 4).
CF ratio of the diet and the ruminal microbial popula-

tion affected the SCFA profiles in ruminal fluid (Morvay
et al., 2011). Propionic acid contributes to blood glucose
levels in cows whereas butyric and acetic acids contribute
to milk fat (Morvay et al., 2011). An increase in the pro-
duction of propionate as a response to live Saccharomyces
cerevisiae in continuous culture fermentation has been
observed by Miller-Webster et al. (2002). In the present
study, the most consistent effect of YHP to ruminal fer-
mentation was the increase in the concentration of pro-
pionic acid in the simulation vessels. In the control
group of experiment 1, the relative proportion of propio-
nic acid increased from 12.9% at 6 h to 37.8% at 9 h and
42.3% at 12 h, reflecting the microbial conversion of lac-
tic acid into other organic acids. YHP further increased
the concentration of propionic acid significantly at the
12-h time point (P < 0.05; Table 1). In experiment 2,
both YHP and the increase in CF resulted in significantly
higher propionic acid concentration at the 9 and 12 h
time points (Table 4). The increase in propionic acid con-
centration by YHP was the most prominent in experi-
ment 3, where the difference between the control and
YHP treatments was 13–18% on days 2–6 (P < 0.01;
Table 5).
The effect of YHP on the production of propionic acid

suggests that YHP may increase the lactation

performance of dairy cows. In fact, an increase in milk
yield and decrease in somatic cell scores by dietary
amendment of YHP was observed in a trial with 248
Holstein-Friesian cows (Gaffney et al., 2014).
Previously, lower milk somatic cell counts and increased
lactation by dietary Saccharomyces cerevisiae supplementation
have been observed by Zaworski et al. (2014), and Zinn
et al. (1999). Eicher et al. (2010) suggested improved dis-
ease resistance in young cattle by yeast-based products,
and indeed, YHP was observed to increase the immune
responses of neonatal calves (Kim et al., 2011).
The effects of YHP on the total concentration of

SCFAs or the concentration of acetic or butyric acids dif-
fered between the experiments. Results of butyric and
acetic acids are given for experiments 2 and 3 in
Tables 4 and 5, respectively. In experiment 1, depending
on the time point, YHP either slightly increased or had
no effect on the concentration of acetic acid, and either
increased or had no effect on the concentration of buty-
ric acid (data not shown). In Meissner et al. (2014), YHP
increased the concentrations of butyric and valeric acids,
but did not affect the total VFA concentration or the
concentration of propionic acid. The availability of sub-
strates is known to affect the production of individual
SCFA types (Sullivan and Martin, 1999). In the present
study the most consistent effect of YHP to ruminal fer-
mentation was the increase in the production of propio-
nic acid. YHP stimulated the fermentation in general,
which was manifested as a higher production rate of
gas or microbial biomass and/or increased concentration
of lactate, butyrate, acetate, or total SCFAs, depending on
the specific situation.

Conclusions

YHP increased the rate of microbial fermentation of
bovine ruminal fluid in all three experiments, as demon-
strated by enhanced production of SCFAs, gas and
microbial biomass. Most noteworthy was the consistent
stimulation of propionic acid production by YHP. The
results suggested that YHP may act as a microbial modu-
lator and ruminal stimulant in all the different dietary
regimens of lactating dairy cows. Studies with live animals
are needed to verify the observations of the present trial.

Acknowledgements

The research was funded by Hankkija Ltd.

Jo
ur
na
lo

f
A
pp
lie
d
A
ni
m
al
N
ut
ri
tio

n
H. Kettunen et al.6



Declaration of Interest

J. Vuorenmaa and D. Gaffney are employed by Hankkija
Ltd.

References

Apajalahti J.H.A., Kettunen H., Kettunen A., Holben W.E.,

Nurminen P.H., Rautonen N., and Mutanen M. (2002)
Culture-independent microbial community analysis reveals that
inulin in the diet primarily affects previously unknown bacteria
in the mouse caecum. Applied and Environmental Microbiology, 68:
4986–4995.

Counotte G.H., Lankhorst A., and Prins R.A. (1983) Role of DL-lactic
acid as an intermediate in rumen metabolism of dairy cows. Journal of
Animal Science, 56: 1222–1235.

Desnoyers M., Giger-Reverdin S., Bertin G., Duvaux-Ponter C., and

Sauvant D. (2009) Meta-analysis of the influence of Saccharomyces cer-
evisiae supplementation on ruminal parameters and milk production of
ruminants. Journal of Dairy Science, 92: 1620–1632.

Eicher S.D., Wesley I.V., Sharma V.K., and Johnson T.R. (2010)
Yeast cell-wall products containing beta-glucan plus ascorbic acid
affect neonatal Bos taurus calf leukocytes and growth after a transport
stressor. Journal of Animal Science, 88: 1195–1203.

Gaffney D.J., Sheehy M.R., Vuorenmaa J.A., and Fahey A.G. (2014)
The effect of supplementing dairy cows with a hydrolyzed
yeast product (Progut Rumen) on milk production and
somatic cell score. Abstract no. 1609 in Proceedings of the 2014
Joint Annual Meeting (JAM) in Kansas City, Missouri, USA, July
20–24, 2014.

Goering H.K., and Van Soest P.J. (1970) Forage Fiber Analyses:
Apparatus, Reagents, Procedures, and Some Applications. Pages
1–20 in Agriculture Handbook 379. Agriculture Research Service, U.S.
Department of Agriculture. Washington D.C. USA.

Kettunen H., Vuorenmaa J., Rinttilä T., Grönberg H., Valkonen E.,

and Apajalahti J. (2014) Natural resin acid–enriched composition as
a modulator of intestinal microbiota and performance enhancer in
broiler chicken. Journal of Applied Animal Nutrition, 3: e2.

Kim M.H., Seo J.K., Yun C.H., Kang S.J., Ko J.Y., and Ha J.K.

(2011) Effects of hydrolyzed yeast supplementation in calf starter on
immune responses to vaccine challenge in neonatal calves. Animal,
5: 953–960.

Mao H.L., Mao H.L., Wang J.K., Liu J.X., and Yoon I. (2013) Effects
of Saccharomyces cerevisiae fermentation product on in vitro fermentation
and microbial communities of low-quality forages and mixed diets.
Journal of Animal Science, 91: 3291–3298.

Meissner H.H., Henning P.H., Leeuw K.-J., Hagg F.M., Horn C.

H., Kettunen A., and Apajalahti J.H.A. (2014) Efficacy and
mode of action of selected non-ionophore antibiotics and direct-fed
microbials in relation to Megasphaera elsdenii NCIMB 41125 during in
vitro fermentation of an acidosis-causing substrate. Livestock Science
162: 115–125.

Miller-Webster T., Hoover W.H., Holt M., and Nocek J.E. (2002)
Influence of yeast culture on ruminal microbial metabolism in continu-
ous culture. Journal of Dairy Science, 85: 2009–2014.

Mills J.A., Crompton L.A., Ellis J.L., Dijkstra J., Bannink A., Hook

S., Benchaar C., and France J. (2014) A dynamic mechanistic model
of lactic acid metabolism in the rumen. Journal of Dairy Science, 97:
2398–2414.

Morvay Y., Bannink A., France J., Kebreab E., and Dijkstra J. (2011)
Evaluation of models to predict the stoichiometry of volatile fatty acid
profiles in rumen fluid of lactating Holstein cows. Journal of Dairy
Science, 94: 3063–3080.

Rossi F., Di Luccia A., Vincenti D., and Cocconcelli P.S. (2004)
Effects of peptidic fractions of Saccharomyces cerevisiae culture on growth
and metabolism of the ruminal bacteria Megasphaera elsdenii. Animal
Research, 53: 177–186.

Sullivan H.M., and Martin S.A. (1999) Effects of a Saccharomyces cerevisiae
culture on in vitro mixed ruminal microorganism fermentation. Journal
of Dairy Science, 82: 2011–2016.

Weimer P.J., Russell J.B., and Muck R.E. (2009) Lessons from the
cow: what the ruminant animal can teach us about consolidated
bioprocessing of cellulosic biomass. Bioresource Technology, 100:
5323–5331.

Wiedmeier R.D., Arambel M.J., and Walters J.L. (1987) Effect of
yeast culture and Aspergillus oryzae fermentation extract on ruminal
characteristics and nutrient digestibility. Journal of Dairy Science, 70:
2063–2068.

Zaworski E.M., Shriver-Munsch C.M., Fadden N.A., Sanchez W.K.,

Yoon I., and Bobe G. (2014) Effects of feeding various dosages of
Saccharomyces cerevisiae fermentation product in transition dairy cows.
Journal of Dairy Science, 97: 3081–3098.

Zinn R.A., Alvarez E., Rodriguez S., and Salinas J. (1999) Influence
of yeast culture on health, performance, and digestive function of
feedlot steers. Journal of Animal Science, 77(Suppl.1): 113.

Jo
ur
na
lo

f
A
pp
lie
d
A
ni
m
al
N
ut
ri
tio

n
Rumen-enhancing yeast hydrolysate product 7


	Yeast hydrolysate product enhances ruminal fermentation in vitro
	Introduction
	Materials and methods
	Results and Discussion
	Conclusions
	Declaration of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


