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aBStraCt

The effects of yeast supplementation on intake,
production, and rumen fermentation characteristics
have been widely studied, but results are inconsistent
between different studies. A quantitative meta-analysis
was applied to 110 papers, 157 experiments, and 376
treatments dealing with yeast supplementation in ruminants. The objective was first to highlight the major
quantitative effects of live yeast supplementation on
intake, rumen fermentation, and milk production, and
second, to identify major differences in experimental
conditions between studies that can affect the response
to treatment. Some of these experimental conditions
are referred to as interfering factors. Yeast supplementation increased rumen pH (+0.03 on average) and
rumen volatile fatty acid concentration (+2.17 mM on
average), tended to decrease rumen lactic acid concentration (−0.9 mM on average), and had no influence
on acetate-to-propionate ratio. Total-tract organic
matter digestibility was also increased by yeast supplementation (+0.8% on average). Yeast supplementation increased dry matter intake (DMI; +0.44 g/kg of
body weight; BW), milk yield (+1.2 g/kg of BW), and
tended to increase milk fat content (+0.05%), but had
no influence on milk protein content. Dose effects of
yeast supplementation, expressed as log10 [1+(cfu per
100 kg of BW)], globally confirmed the qualitative effects observed in the first analysis. The positive effect
of yeast supplementation on rumen pH increased with
the percentage of concentrate in the diet and with the
DMI level. It was negatively correlated with the level
of dietary neutral detergent fiber (NDF). The positive effect of yeast supplementation on rumen volatile
fatty acid concentration increased with DMI and crude
protein levels. The positive effect of yeast supplementation on organic matter digestibility increased with the
percentage of concentrate and NDF in the diet. The
negative effect of yeast supplementation on lactic acid
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concentration tended to decrease when the DMI level
and the percentage of concentrate in the diet increased.
The effects of interfering factors were globally similar
when either dose effect or qualitative effect of yeast was
taken into account. Although rumen fermentation efficiency per se was not measured, these results suggest
an improvement in rumen fermentation by yeast supplementation. This effect could, however, be modulated
by several different factors such as DMI, percentage of
concentrate or NDF in the diet, or species.
Key words: meta-analysis, yeast, Saccharomyces cerevisiae, ruminant
IntrODuCtIOn

Most dietary compounds entering the rumen are degraded by numerous anaerobic microorganisms (mainly
bacteria and protozoa) present in the rumen fluid.
Thus, rumen ecosystem plays a key role in ruminants’
responses to their diet. One of the consequences of feeding high-concentrate diets is the occurrence of subclinical ruminal acidosis (rumen pH <6.25; Sauvant et al.,
1999). Low pH in the rumen over long periods inhibits
intake (Fulton et al., 1979; Owens et al., 1998) and plant
cell wall digestion. This last aspect alters the energy
value of the diet, particularly of its forage component.
Moreover, the VFA profile in rumen fluid is altered
with low acetate-to-propionate ratios (see reviews by
Owens et al., 1998; Kleen et al., 2003; Sauvant et al.,
2006) and sometimes a significant accumulation of lactic acid is observed (see review by Martin et al., 2006).
Several authors have reviewed the influence of yeast
supplementation on rumen digestion and ruminant performance. Some of these reviews mainly describe available papers on the whole yeast subject area but do not
quantitatively analyze data available in these papers
(Dawson, 2000; Jouany, 2001). Others present some
quantitative analysis of yeast effects on milk production
(Ali-Haimoud-Lekhal et al., 1999), rumen fermentation
characteristics (Lescoat et al., 2000), or both (Robinson, 2002; Sauvant et al., 2004). Yeast seems to increase
milk production (see reviews by Robinson, 2002; Abd
El-Ghani, 2004; Stella et al., 2007) and to influence
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Table 1. Synthetic description of the database
nexp1

Categories
Species

Rumen pH measurement

1

Cattle

Dairy cattle

Growing cattle
Others
Sheep
Dairy
Growing
Others
Goats
Dairy
Other
Buffaloes
Dairy
Others
Esophageal tube
Rumen cannula or rumenocentesis
Intra ruminal probe
Not stated

With production data
Without
With production data
With production data
With production data

52
16
26
9
1
5
32
6
4
2
4
10
49
2
7

nexp = number of experiments.

several rumen parameters such as pH, VFA concentration, and total-tract nutrient digestion (Erasmus et al.,
1992; Robinson, 2002). Therefore, adding yeast to the
rumen ecosystem seems to influence fermentation and
might help the ecosystem to deal with high-concentrate
diets. Results are, however, very inconsistent across
experiments, and some quantitative reviews did not observe any significant influence of yeast supplementation
on milk production in late-lactation dairy cows (AliHaimoud-Lekhal et al., 1999) or on rumen fermentation
characteristics in cattle (Lescoat et al., 2000; Sauvant
et al., 2004). The first objective of this paper was to
provide an overview of the quantitative effects of yeast
supplementation on dry matter intake, major rumen
parameters (rumen pH, VFA concentration, lactic acid
concentration, and acetate-to-propionate ratio), and
OM digestibility in both beef and dairy ruminants, and
on production performance of lactating animals. The
second objective of this paper was to determine if some
interfering or confounding factors such as DMI or diet
composition could influence the effect of yeast and thus
determine in which situations yeasts are the most efficient.
MATERIALS AND METHODS

A database was constructed from experiments involving dietary yeast supplements. Only in vivo experiments
using at least one strain of Saccharomyces cerevisiae
were used to build the database. All ruminants species
used for meat or milk production were included in the
database (cattle, goats, sheep, and buffaloes). Selected
papers contained at least data on rumen fermentation
or digestibility measured in vivo, or milk production
parameters for experiments involving dairy animals.
Papers presenting more than one experiment or various
dietary compositions were separated into experiments

that were individually encoded. Each experiment contained 2 or more treatments (control vs. yeast), which
were also individually encoded. A total of 110 papers
comprising 157 experiments and 376 treatments were
pooled in the database. The list of papers used is available in the appendix. A synthetic description of the
database is presented in Table 1. Yeast cultures were
from at least 11 different live commercial preparations.
More than half of the experiments (91 out of 157) used
Yea-Sacc1026 (Alltech, Lexington, KY). For some of
the studies, there was a lack of basic information on one
or more of yeast concentration (73 experiments), BW of
the animals (49 experiments), DMI (12 experiments), or
chemical analysis of the diet (28 experiments). For these
papers, BW was estimated according to the animal species, age, and sex; yeast concentration was estimated
according to the commercial product used if data was
available in another paper using the same product. Dry
matter intake and milk yield (MY) were calculated per
kilogram of BW to allow comparison between cattle
and small ruminants. When rumen parameters were
analyzed at several sampling times, the mean value was
entered in the data set. No other precalculations were
performed.
This whole data set was divided into a rumen data
set [81 papers, number of experiments (nexp) = 116;
number of treatments (nt) = 277] and a production
data set (50 papers, nexp = 61; nt = 141). Interpretation of this database was based on a statistical metaanalysis (St-Pierre, 2001; Sauvant et al., 2008).
The basic statistical model applied to the data was
Yijk = μ + YEASTi + EXPj + Eijk,
where Yijk = observations, μ = overall mean, YEASTi
= fixed effect of yeast, EXPj = fixed effect of experiJournal of Dairy Science Vol. 92 No. 4, 2009
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Table 2. Meta-analysis of the effect of yeast supplementation on rumen parameters and OM digestibility1
Treatment2
Item2
Rumen pH
VFA (mM)
Lactic acid (mg/L)
OM digestibility (%)

nexp

nt

Control

Yeast

P-value

RMSE

a

97
77
16
45

231
177
38
103

6.31
95.2
1.21
70.2

6.34
97.3
1.13
71.0

*
**
†
**

0.11
4.84
0.15
1.4

17.5
11.7
12.5
8.9

1

nexp = number of experiments; nt = number of treatments; a = percentage of treatments that presented normalized residuals larger than
2.0.
2
Treatment values are given as least squares means.
†P < 0.10; *P < 0.05; **P < 0.01.

ment j, and Eijk = random residual error. All models
were used without weighting the observations.
Yeast effect was first tested qualitatively (control vs.
yeast) and then as a covariable according to level of
yeast supplementation expressed as log10 [1+(cfu/100
kg of BW)] because the database contained both large
and small ruminants. Normalized residuals (i.e., differences between model-predicted and measured value
of the studied parameter, divided by the standard
deviation of the residuals’ values) were calculated to
assess the ability of the model to fit the data. For each
dependent variable, experiments presenting normalized residuals greater than 3.0 were discarded from the
analysis but not from the analyses of other variables.
For each statistical test, the considered parameters are
least squares means (yeast vs. control) or the adjusted
equation [log10(yeast concentration)], nexp, nt, the value
of the root mean square error (RMSE), the P-value for
yeast effect, and the percentage of “outlier treatments”
that presented normalized residuals >2.0 (designated
a). The fixed effect of experiment was always highly
significant (P < 0.001) and is thus never provided. An
effect was considered significant at P < 0.05, considered
a tendency toward significance at P < 0.1, and P-values
between 0.1 and 0.2 are discussed.
Differences in experimental conditions between studies can affect the response to treatment. Some of these
experimental conditions can be represented by quantitative or qualitative interfering or confounding factors.
These factors will be referred to as interfering factors
throughout the manuscript. Analysis of the influence
of some interfering factors was performed using data
sets extracted from the main data sets, each data set
containing only the experiments with available data on
the interfering factor tested (Sauvant et al., 2008). For
a given parameter, influence of interfering factors was
assessed using, for each experiment, the slope of the
response of the tested parameter as a function of yeast
effect [yeast vs. control or log10(yeast concentration)].
Effect of each potential interfering factor was tested
on this slope by linear regression for quantitative paJournal of Dairy Science Vol. 92 No. 4, 2009

rameters or by one-factor ANOVA for qualitative ones.
The intercept of the regression was fixed at zero if it
was not significantly different from zero on the first
analysis. For this statistical test, the provided information includes the mean, standard error, minimum and
maximum values of the factors in the corresponding
data set (because the influence of the factor could be
dependent on the range used for analysis), the regression equation, nexp, the RMSE value of the regression,
the P-value for the regression slope, and the percentage
of “outlier treatments” that presented normalized residuals >2.0 (a). All statistical analyses were performed
with Minitab (version 1.2, 1998, Minitab Inc., State
College, PA).
RESULTS
Rumen Fermentation and Digestibility

Qualitative Analysis: Yeast Versus Control.
Yeast supplementation increased rumen pH (P = 0.023)
and rumen VFA concentration (P = 0.005), and tended
to decrease rumen lactic acid concentration (P = 0.099;
Table2). Yeast supplementation had no influence on
acetate-to-propionate ratio (P = 0.9).
Table 3 presents the effects of interfering factors significantly influencing yeast effect. The positive effect
of yeast supplementation on rumen pH tended to be
increased by DMI (g per kg of BW; P = 0.07), was increased by the proportion of concentrate in the diet (P
= 0.025), and was logically decreased by the proportion
of NDF in the diet (P = 0.047). No influence of diet
CP (P = 0.5) was detected. The positive effect of yeast
supplementation on rumen VFA concentration was increased by DMI (P = 0.007), and by the proportion of
concentrate (P < 0.001), NDF (P = 0.041), and CP (P
= 0.031) in the diet. The negative effect of yeast supplementation on rumen lactic acid concentration tended to
be attenuated by the proportion of concentrate in the
diet (P = 0.088) and DMI (P = 0.071). There was no
influence of dietary NDF (P = 0.4) or CP (P = 0.5) on
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Table 3. Effects of interfering factors on the qualitative effect of yeast supplementation on rumen parameters and OM digestibility
Interfering factor2
Item
Rumen pH
DMI (g/kg of BW)
Concentrate (%)
NDF (% DM)
VFA (mM)
DMI (g/kg of BW)
Concentrate (%)
NDF (% DM)
CP (% DM)
Lactic acid (mM)
DMI (g/kg of BW)
Concentrate (%)
OM digestibility (%)
DMI (g/kg of BW)
Concentrate (%)
NDF (% of DM)

nexp1

Mean

SD

Min

Max

Regression3

RMSE4

P-value

a5

66
77
48

26.3
50.5
40.9

8.58
26.08
15.31

10.4
0
21.5

46.3
100
80.1

+ 0.001
+ 0.001
0.16 − 0.004

0.16
0.15
0.16

†
*
*

9.1
6.5
8.3

60
72
48
58

24.9
47.4
41.5
14.0

7.85
26.45
15.70
3.37

10.4
0
22.0
6.2

44.8
100
80.1
21.5

+
+
+
+

0.099
0.054
0.050
0.145

7.14
6.80
7.34
7.16

**
***
*
*

6.9
4.2
6.3
6.9

15
16

26.3
53.5

7.85
29.72

14.4
0

44.3
100

− 0.004
− 0.002

0.23
0.23

†
†

6.7
12.5

39
39
26

28.1
45.5
47.8

9.56
23.28
17.94

10.8
0
21.5

46.3
100
80.1

2.20 − 0.052
2.08 − 0.031
+ 0.027

2.02
1.81
2.24

0.1
*
**

5.1
5.1
7.7

1

nexp = number of experiments.
Characteristics of the range available for the considered interfering factor: mean, standard deviation, minimum (Min), and maximum (Max).
3
Regression equation (intercept is only presented when ≠ 0.00).
4
RMSE = root mean square error.
5
Percentage of treatments that presented normalized residuals larger than 2.0.
†P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
2

the negative effect of yeast supplementation on rumen
lactic acid concentration.
Organic matter digestibility was also increased by
yeast supplementation (P = 0.007; Table 2), and the
positive effect of yeast supplementation on OM digestibility was decreased by the proportion of concentrate
in the diet (P = 0.019) and increased by proportion
of dietary NDF (P = 0.004; Table 3) No influence of
dietary CP percentage (P = 0.21) or DMI (P = 0.14)
was detected. There was no effect of species (cattle,
sheep, or goat; P > 0.10) on any of the measured parameters.
Eight papers tested the effects of proportion of concentrate in the diet and yeast supplementation simultaneously, and 11 tested the effects of NDF content
of the diet and yeast supplementation simultaneously.
However, the meta-analysis performed using only these
papers did not confirm the results of the analysis on the
whole data set except for the effects of yeast supplementation on OM digestibility, which was increased by
the proportion of NDF in the diet (regression slope =
0.039, P = 0.007, RMSE = 2.15, nexp = 11). There was
no significant influence of dietary concentrate proportion or NDF content on the effect of yeast supplementation on rumen pH (nexp = 17 and 25 for concentrate
and NDF, respectively), VFA concentration (nexp = 15
and 23 for concentrate and NDF, respectively), or OM
digestibility (nexp = 10 for proportion of concentrate in
the diet) in these specific papers.

Quantitative Analysis: Effect of Yeast Dose.
Effects consistent with those obtained in the qualitative analysis were obtained with this second approach
(Table 4). Rumen pH (P = 0.005) and VFA concentration (P = 0.022) increased linearly with yeast dose.
Rumen lactic acid concentration was not influenced by
yeast supplementation, but it should be noted that it
approaches a level of significance (P = 0.101) and only
15 of the 81 experiments presented this data. Acetateto-propionate ratio was again not influenced by yeast
supplementation (P = 0.8).
The effects of interfering factors on the quantitative
effect of yeast supplementation on rumen fermentation
characteristics are presented in Table 5. The positive
effect of yeast supplementation on rumen pH was again
increased by the proportion of concentrate (P = 0.009),
and decreased by the proportion of NDF (P = 0.008)
in the diet, but there was no effect of dietary CP (P
= 0.3) or DMI (P = 0.3). The positive effect of yeast
supplementation on rumen VFA concentration tended
to be increased by the proportion of concentrate in the
diet (P = 0.084), but no influence of the proportion of
dietary NDF (P = 0.6) or CP (P = 0.3) in the diet or
DMI (P = 0.19) was detected.
Organic matter digestibility also increased linearly
with yeast dose (P = 0.004; Table 4). The effect of yeast
supplementation on OM digestibility was decreased by
the proportion of concentrate in the diet (P = 0.020)
and increased by dietary NDF content (P < 0.001), CP
Journal of Dairy Science Vol. 92 No. 4, 2009
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Table 4. Meta-analysis of the dose effect of yeast expressed as log10 (1+(cfu/100 kg of BW)) on rumen parameters and OM digestibility1
Item
pH
VFA (mM)
Lactic acid (mM)
OM digestibility (%)

nexp

nt

Intercept

94
77
15
41

234
196
38
103

6.30
94.6
1.21
70.16

Slope
+
+
−
+

0.008
0.42
0.015
0.16

RMSE

P-value

a

0.11
6.56
0.15
1.43

**
*
0.1
**

17.6
14.3
13.3
9.8

1
nexp = number of experiments; nt = number of treatments; RMSE = root mean square error; a = percentage of treatments that presented
normalized residuals larger than 2.0.
*P < 0.05; **P < 0.01.

content (P = 0.013), and DMI (P = 0.002; Table 5).
There was no effect of species (cattle, sheep, or goat; P
> 0.10) on any of these parameters.
Intake and Production Parameters

Qualitative Analysis: Yeast Versus Control.
Yeast supplementation increased DMI (P = 0.044) and
milk yield (P < 0.001) and tended to increase milk fat
content (P = 0.07), although it had no influence on
milk protein content (P = 0.7; Table 6).
Table 7 presents the influence of the interfering factors, except species, on these effects. The positive effects of yeast supplementation on DMI was increased
by the proportion of concentrate in the diet (P = 0.043)
but was not influenced by the proportion of NDF (P =
0.47) or CP (P = 0.53) in the diet, or ruminant species
(P = 0.16). Effect of yeast supplementation on MY was
similar for cows and goats but was greater for buffaloes
(mean slopes = 1.09, 2.39, and 6.19 g per kg of BW,
respectively; nexp = 49, 5, and 2 for cows, goats, and
buffaloes, respectively; RMSE = 2.09; P = 0.003). Only
2 experiments were conducted on buffaloes; thus, this

result must be interpreted cautiously, and it cannot be
concluded that the effects of yeast supplementation are
always greater in buffaloes than in other dairy ruminants.
Influence of yeast supplementation on MY increased
with DMI (P < 0.001) and with the proportion of concentrate (P < 0.001), NDF (P = 0.001), and CP (P =
0.001) in the diet. Yeast effect on milk fat content was
not influenced by species (P = 0.5), DMI (P = 0.16),
dietary NDF (P = 0.9), or CP percentage (P = 0.6).
It tended to be increased by the dietary concentrate
percentage (P = 0.099).
Quantitative Analysis: Effect of Yeast Dose.
Dry matter intake (P = 0.069) and MY (P < 0.001)
tended to increase linearly with yeast dose (Table 8).
Milk fat and protein contents were not affected by yeast
dose (P > 0.10).
Effect of yeast supplementation on DMI was neither
influenced by the proportion of concentrate (P = 0.13),
NDF (P = 0.51), or CP (P = 0.53) in the diet, nor by
ruminant species (P = 0.31). Only 1 experiment out of
the 2 on buffaloes was included in the analysis of yeast
dose effect on MY; thus, it was not included in the

Table 5. Effects of interfering factors on the dose effect of yeast supplementation on rumen parameters and OM digestibility
Interfering factor2
Item
Rumen pH
Concentrate (%)
NDF (% of DM)
VFA (mM)
Concentrate (%)
OM digestibility (%)
DMI (g/kg of BW)
Concentrate (%)
NDF (% of DM)
CP (% of DM)

nexp1

Mean

SD

Min

Max

Regression3

RMSE4

P-value

a5

67
41

51.3
41.6

26.59
15.84

0
21.5

100
80.1

+ 0.0001
0.04 − 0.001

0.03
0.03

**
**

6.0
7.3

63

48.2

26.82

0

100

+ 0.005

1.2

†

6.3

35
36
24
31

28.2
43.8
48.9
12.7

9.57
23.54
18.69
3.10

10.8
0
21.5
6.2

46.3
100
80.1
18.0

+ 0.008
0.50 – 0.006
+ 0.006
+ 0.014

0.43
0.37
0.39
0.39

**
*
***
*

0.0
5.6
8.3
9.7

1

nexp = number of experiments.
Characteristics of the range available for the considered interfering factor: mean, standard deviation, minimum (Min), and maximum (Max).
3
Regression equation (intercept is only presented when ≠ 0.00).
4
RMSE = root mean square error.
5
a = percentage of treatments that presented normalized residuals larger than 2.0.
†P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
2
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Table 6. Meta-analysis of the effect of yeast supplementation on intake and milk production1
Treatment2
Item

nexp

nt

Control

Yeast

P-value

RMSE

a

47
59
57
52

114
136
131
121

34.6
46.5
3.80
3.20

35.0
47.7
3.85
3.19

*
***
†
NS

1.1
1.64
0.14
0.07

12.8
13.6
12.3
17.3

DMI (g/kg of BW)
Milk yield (g/kg of BW)
Milk fat content (%)
Milk protein content (%)
1

nexp = number of experiments; nt = number of treatments; RMSE = root mean square error; a = percentage of treatments that presented
normalized residuals larger than 2.0.
2
Treatment values are given as least squares means.
NS = P ≥ 0.10; †P < 0.10; *P < 0.05; ***P < 0.001.

analyses of species effect. Effect of yeast supplementation on milk yield tended to be greater for goats than
for cows (0.22 and 0.74 g per kg of BW, respectively;
n = 47 and 2, respectively; RMSE = 0.37; P = 0.60;
a = 4.1%), but only 2 experiments were available on
goats. This result also must be interpreted cautiously,
and it cannot be concluded that the effects of yeast
supplementation is always greater in dairy goats than
in cattle. Influence of yeast supplementation on MY
increased with DMI (P < 0.001) and proportion of concentrate (P = 0.001), NDF (P = 0.001), and CP (P =
0.001) in the diet (Table 9).
DISCUSSION

Although yeast increased milk production in numerous studies (Robinson, 2002; Abd El-Ghani, 2004; Stella
et al., 2007) and influenced many rumen fermentation
characteristics (Erasmus et al., 1992; Robinson, 2002),
results are inconsistent across studies. This statement
suggests that it could be possible to conclude either positive or negative effects of yeast supplementation for any

given parameter depending upon the publications chosen. The authors cannot claim that the present analysis
includes all research ever published on the supplementation of ruminant diets with yeasts, but have tried to
be as exhaustive as possible in reviewing the literature.
This current analysis of literature confirms the large
variability in data between different papers; however,
given the large number of papers used in this analysis,
the process of interpretation within-experiment allowed
extraction of the significant influences of yeast. Some
difficulties were encountered during this analysis; these
included incomplete data sets. Further, some experiments were only available as abstracts, posters, or in
short communication form and data from some studies
had not been published. This could induce a degree
of bias in the meta-analysis because results that are
not statistically significant are seldom presented in abstracts, posters, or short communications. This may be
for a variety of reasons, including abstracts presented
as preliminary studies that have not been validated by
publication in a scientific paper, or nonpositive or nonsignificant results that have a lower probability of being

Table 7. Effects of interfering factors on the qualitative effect of yeast supplementation on intake and milk production
Interfering factor2
Item
DMI (g/kg of BW)
Concentrate (%)
Milk yield (g/kg of BW)
DMI (g/kg of BW)
Concentrate (%)
NDF (% of DM)
CP (% of DM)
Milk fat content (%)
Concentrate (%)

nexp1

Mean

SD

Min

Max

Slope3

RMSE4

P-value

a5

34

50.8

12.80

7.5

70.0

+ 0.011

1.58

*

8.8

46
40
19
24

34.9
50.9
34.1
16.4

4.52
12.62
5.32
2.33

25.1
7.5
26.2
11.8

43.8
70.0
46.5
20.3

+
+
+
+

0.032
0.027
0.034
0.065

1.91
2.26
1.22
1.30

***
***
**
**

4.3
5.0
0.0
4.2

39

51.3

12.51

70

+ 0.001

0.17

†

5.1

7.50

1

nexp = number of experiments.
Characteristics of the range available for the considered interfering factor: mean, standard deviation, minimum (Min), and maximum (Max).
3
Regression slope (all the intercepts were = 0.00).
4
RMSE = room mean square error.
5
a = percentage of treatments that presented normalized residuals larger than 2.0.
†P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
2
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Table 8. Meta-analysis of the dose effect of yeast expressed as log10 [1+(cfu/100 kg of BW)] on intake and milk yield1
Item
DMI (g/kg of BW)
Milk yield (g/kg of BW)

nexp

nt

Intercept

Slope

RMSE

P-value

a

42
53

110
134

34.21
47.8

+ 0.07
+ 0.21

1.05
1.59

†
***

16.7
11.3

1
nexp = number of experiments; nt = number of treatments; RMSE = root mean square error; a = percentage of treatments that presented
normalized residuals larger than 2.0.
†P < 0.10; ***P < 0.001.

published than positive or significant results. Twentyone of the papers used in this analysis (5 unpublished
trials and 16 short papers) appeared to contain enough
detail and were thus included in the data set. Seven
short papers were used in the rumen fermentation
database, and 15 in the production database, but no
effect of paper form (short papers vs. full papers) was
detected in any of the parameters tested.
The method of meta-analysis that was employed in
this analysis is now considered the most suitable for this
kind of study (St-Pierre, 2001; Sauvant et al., 2008).
This method of statistical modeling has the major advantage of splitting variation among and within experiments. The present work is based on more papers than
the one of Sauvant et al. (2004; 55 publications and
78 experiments) for in vivo studies, and thus certainly
leads to more reliable conclusions. However, the power
of this type of analysis can lead to the detection of very
small significant differences that might be lower than
the usual precision of the measurements for the studied
parameter. For example, a significant difference of 0.03
pH unit was detected between yeast-supplemented and
control animals. Although this result has to be confirmed by further studies, the fact that the difference in
pH units is very small might explain why many papers
did not show any influence of yeast supplementation on
rumen pH.
A difficulty of meta-analysis on in vivo data is that
experimental methodologies and conditions vary greatly

from one experiment to another, and thus a detailed
analysis of some specific experimental factors that
could explain, at least partly, the residual variations of
the statistical analysis appeared to be necessary. The
method of meta-analysis that we used did not allow
analysis of the interactions between yeast and experimental factors, but the authors have tried to quantify
this issue by a separate analysis of the influence of
some potentially interfering factors on the yeast effect
observed per experiment. This analysis shows that the
composition of the diet influences the effects of yeast
supplementation on rumen and production parameters,
which was not clear using only the few papers simultaneously analyzing yeast effect and dietary parameters.
This is certainly because of the low number of papers
available. Another issue in meta-analysis is the way in
which outlier treatments and experiments are treated.
In the present paper, it was decided to discard the
data that presented normalized residuals >3.0 and to
calculate the proportion of data presenting normalized
residuals >2.0.
Simultaneous analysis of qualitative and quantitative
effects of yeast supplementation showed that results are
mainly consistent between analyses, except for parameters showing a tendency toward qualitative effects of
yeast supplementation but no dose effect. When a dose
effect was detected, our statistical design did not allow
determination of an eventual asymptote or maximum
effect of yeast dose. Effects of interfering factors were

Table 9. Effects of interfering factors on dose effect of yeast supplementation on milk yield
Interfering factor2
Item
Milk yield (g/kg of BW)
DMI (g/kg of BW)
Concentrate (%)
NDF (% of DM)
CP (% of DM)

nexp1

Mean

SD

Min

Max

Slope3

40
36
17
22

34.6
50.4
34.5
16.1

4.66
12.77
5.39
2.26

25.1
7.5
26.2
11.8

43.8
70.0
16.5
19.0

+
+
+
+

1

0.007
0.005
0.007
0.016

RMSE4

P-value

a5

0.35
0.40
0.26
0.29

***
**
**
**

2.5
5.6
0.0
4.5

nexp = number of experiments.
Characteristics of the range available for the considered interfering factor: mean, standard deviation, minimum (Min) and maximum (Max).
3
Regression slope (all the intercepts were = 0.00).
4
RMSE = root mean square error.
5
a = percentage of treatments that presented normalized residuals larger than 2.0.
**P < 0.01; ***P < 0.001.
2
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also mainly consistent between the 2 analyses, even if
fewer factors were significant for yeast dose effect. In
particular, DMI was always significant when analyzed
on a qualitative basis but only significant for OM digestibility when analyzed on a dose effect basis. This is
certainly because yeasts are often given in the diet, and
thus the level of yeast ingested is related to the level
of DMI. In the qualitative analysis this effect of DMI
might be confounded with yeast dose effect. Nonetheless, these results show that both methods are accurate
in determining the effects of yeast supplementation and
factors that interfere with this effect. Thus, papers with
no indication of colony-forming units can be included
in meta-analyses.
Yeast supplementation increased rumen pH, VFA
concentration, and OM digestibility and tended to
decrease rumen lactate concentration. These results
agree with the review of Robinson (2002; 14 experiments), which shows an average increase in pH (1.6%),
an overall increase in total rumen VFA (5.4%), and
an overall decrease in lactate concentration (8.1%).
However, Lescoat et al. (2000), in their review using 40
papers, did not observe any influence of S. cerevisiae
supplementation on rumen pH or OM digestibility but
observed a greater increase in VFA concentration (+4.8
mmol/L) than that observed in the present analysis
(+2.1 mmol/L). In addition, Sauvant et al. (2004), in a
review using 78 experiments, did not observe any influence of yeast supplementation on rumen pH or VFA
concentration, and only observed a tendency toward
increase in OM digestibility (+0.5%). This value is,
however, similar to the one obtained in the present
analysis (+0.8%). Using the 157 experiments of the
current meta-analysis certainly leads to more reliable
statistical conclusions, even if all 157 experiments were
not used for all the presented results. In the current
meta-analysis, both rumen pH and VFA concentration
are increased by yeast supplementation, and there was
a tendency for lactic acid to be reduced. These results
indicate that yeasts are able to limit the decrease in
rumen pH that is usually linked to an increase in VFA.
This confirms the observations of Giger-Reverdin et al.
(2004), who observed an increase in the rumen buffering capacity of yeast-supplemented goats. Furthermore, yeasts were able to limit lactic acid production
or accumulation in the rumen, although it was only a
tendency. This decrease in lactic acid is, however, in
agreement with the results of Chaucheyras-Durand and
Fonty (2002). No influence of yeast was determined on
the acetate-to-propionate ratio, which is coherent with
the meta-analysis of Sauvant et al. (2004).
Dry matter intake and MY were increased by yeast
supplementation, which again is in agreement with
the review of Robinson (2002) and the analysis of Ali-
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Haimoud-Lekhal et al. (1999), but the latter group observed a significant increase (+1.3 kg per cow per day)
only in early lactation. As physiological status was not
always available in our data set, we could not test this
hypothesis. The increase in milk yield observed by AliHaimoud-Lekhal et al. (1999) was far more important
than the one observed in the present analysis (+1.2
g per kg of BW). This might be caused by the use of
dairy animals in early and late lactation in the present
paper. However, the present result suggests an overall
increase in milk yield whatever the lactation state, and
the lack of influence observed by Ali-Haimoud-Lekhal
et al. (1999) might be caused by the smaller number
of experiments used. This increase in MY is also in
agreement with a study regrouping 22 experiments
and showing an average increase in milk production
of 7.3% for yeast-supplemented animals, even if this
increase was often not significant (Jouany, 1999). However, Sauvant et al. (2004) only observed a tendency
toward increased milk yield but no effect on DMI in
their meta-analysis. Very little influence of yeast was
observed on milk composition, only milk fat content
tended to be increased by yeast supplementation, but
this result was only observed for the qualitative effects
of yeast supplementation. This is in agreement with
previous analysis showing very little or inconsistent
effects of yeast supplementation on milk composition
(Ali-Haimoud-Lekhal et al., 1999; Robinson, 2002;
Sauvant et al., 2004). The increase in milk production,
usually observed when increasing dietary concentrate
percentage, is often linked to a decrease in milk fat
content. The current analysis shows that yeast supplementation increased milk yield without any significant
effect on milk composition. Only 8 papers compared 2
types of yeast and only 3 of these compared the same
yeast products; thus, our data set was unable to allow
testing of the different types of yeast used.
Most of the interfering factors tested influenced animal response to yeast supplementation. This result suggests that many other factors not available in our database, for example, other dietary characteristics (e.g.,
starch content, net energy, physically effective fiber),
physiological state (Ali-Haimoud-Lekhal et al., 1999),
or management practices (Jouany, 1999; Beauchemin et
al., 2003) might have to be tested. Yeast effect on MY
is significantly enhanced with increased DMI (for both
qualitative and dose effect analysis), and it is thus impossible with our analysis to determine if the increase in
MY is a result of increased DMI, a physiological effect
of yeast supplementation on milk production mechanisms, or a combination of both. Only the qualitative
analysis of the effects of yeast supplementation on DMI
was influenced by an interfering factor: the proportion
of concentrate in the diet. This could be caused by the
Journal of Dairy Science Vol. 92 No. 4, 2009
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correlation between yeast dose and DMI when yeasts
are incorporated in the diet. This might also indicate
that factors other than those tested might interfere with
the effects of yeast supplementation for this parameter.
All these statements and questions confirm that DMI
is a very important factor in ruminant production and
digestion and that its effect cannot be easily dissociated
from the effects of yeast supplementation.
All the rumen fermentation characteristics influenced
by yeast supplementation are influenced by at least one
of the dietary characteristics (proportion of concentrate,
NDF, or CP in the diet). The proportion of concentrate
in the diet always interacted with the effects of yeast
supplementation. Except for OM digestibility and lactic acid concentration, these results agree with previous
observations showing that the influence of yeast supplementation on rumen parameters is greatest when using
high-concentrate diets (Erasmus et al., 1992; Kung et
al., 1997; Jouany, 1999) or with diets or feeding systems that reduce cellulolysis the most (Williams et al.,
1991). This last statement is confirmed by rumen pH
analysis, for which an increased proportion of NDF in
the diet limited the effects of yeast. This is obviously in
agreement with the fact that high-concentrate diets are
commensurate with low levels of NDF in the diet. This
is, however, not observed for other parameters (VFA
concentration, OM digestibility, and MY), for which
increasing dietary NDF enhances the effects of yeast
supplementation. Yeast effect on rumen VFA seemed,
thus, to be greater in high-concentrate or high-NDF
diets than in intermediate ones. The increased effect
in high-NDF diets is certainly caused by an increase in
cellulolysis or the number of cellulolytic bacteria (Harrison et al., 1988). Crude protein was often the least
significant interfering factor, showing that there might
be fewer interactions between yeasts and nitrogen than
between yeasts and concentrates or NDF. Nonetheless,
all these results confirm that several factors can explain
the variability observed between experiments and that
many other experimental parameters might have to be
tested in such databases to determine more precisely
the conditions in which yeasts are the most effective.
The type of production (milking vs. nonmilking animals for example) will certainly influence the effect of
yeast supplementation on rumen parameters., but it
was not possible to test this parameter because most
of the experiments measuring rumen parameters are
performed with nonmilking animals.
CONCLUSIONS

The meta-analysis of over 110 papers and 157 experiments showed that yeast supplementation increased
DMI, MY, rumen pH, rumen VFA concentration, and
Journal of Dairy Science Vol. 92 No. 4, 2009

OM digestibility, which was not always demonstrated in
the previously published meta-analyses. It also indicated
that dietary yeast supplementation tended to decrease
rumen lactic acid concentration but had no effect on
milk composition or rumen acetate-to-propionate ratio.
For all parameters, with the exception of OM digestibility, yeast influence increased with the level of intake or
the percentage of concentrate of the diet. Such analyses
of interfering factors have never been published before
and showed that numerous factors can interfere with
the effect of yeast supplementation.
Despite the number of papers used and the use of
meta-analysis as a powerful statistical tool, all of the
issues discussed show that results have to be considered cautiously, as they are highly dependent upon the
data set and the methodology used. Nonetheless, this
analysis shows that both qualitative and dose effect
approaches were relevant and showed similar results,
indicating that papers that do not include the colonyforming units within their results can be included in
meta-analyses.
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