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Abstract

The experiment was conducted to evaluate the effect of yeast culture (Saccharomyces 
cerevisiae) supplementation on ruminal fermentation in 20 Holstein dairy cows divided into 
control and experimental groups, each group of 10 cows. The animals received a diet based 
on maize silage (19 kg), alfalfa silage (15 kg), meadow hay (1.5 kg), extracted rapeseed meal  
(1 kg) and concentrate mixture (9.5 kg). The diets were fed as a total mixed ration. The supplement 
of yeast culture Levucell® SC 20 (Saccharomyces cerevisiae – CNCM I-1077; min. content  
2 × 1010 CFU·g-1) was added to the concentrate mixture in the ration fed to the experimental group 
of animals. The addition of yeast culture significantly (P < 0.01) increased ruminal pH but had 
no positive effects on the increased production of volatile fatty acids. The supplementation of 
yeast culture significantly (P < 0.01) increased numbers of protozoa in the rumen of dairy cows 
of the experimental group (361.3 ± 18.315) compared to the control group (308.3 ± 37.505). 
The addition of yeast culture significantly (P < 0.01) increased concentration of serum glucose, 
calcium, phosphorus, copper, zinc, magnesium and AST (P < 0.05). As compared to the control 
group (4.948 ± 0.0384 mmol·l-1), the level of urea in the blood serum was significantly decreased 
(P < 0.01) in the experimental group of cows. 

Our results show that the supplementation of Saccharomyces cerevisiae culture at recommended 
doses enhances ruminal fermentation which may have a positive effect on milk production and 
health status of Holstein dairy cows.

Saccharomyces cerevisiae, cows, rumen fluid, blood serum indicators 

Yeasts and yeast cultures are frequently used as additives in diets of dairy cows at present. 
They have a positive influence on fermentation in the rumen, which helps to improve 
production health and productivity of animals.

Results from previous studies on the effect of yeasts on ruminal fermentation and 
productivity of dairy cows are often ambiguous. The most cited benefit of yeast cultures 
on ruminal digestion is support of the growth and activity of anaerobic, namely cellulolytic 
bacteria. Yeasts would utilize residual oxygen introduced into the rumen with feeds, thus 
contributing to maintain anaerobic environment (Calsamiglia et al. 2006). Moreover, 
by degrading lyotropic carbohydrates in the rumen, yeast cultures regulate the rate 
of fermentation, and also by stimulation of lactate-utilizing bacteria yeasts facilitate 
stabilization of the rumen  pH and mitigate its frequent oscillations during the day 
(Williams et al. 1991). Stable rumen environment is a key factor for achieving optimum 
milk yields and a good health of animals. However, some authors did not observe any 
beneficial effects of yeast cultures on dry matter intake or on the milk production and its 
composition in dairy cows (Cooke et al. 2007). Neither the positive influence of yeast on 
the digestibility of feeds in the rumen was unambiguously corroborated.

 Recent studies indicate that yeasts produce also certain low-molecular peptides 
that simulate the activity of some bacteria species in the rumen (Denev et al. 2007). 
However, to achieve a positive effect of yeasts on the production efficiency of dairy 
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cows, it is necessary to choose an adequate preparation because not all yeast strains 
can stimulate digestion in the rumen (Pinos-Rodríguez et al. 2008). The efficiency 
of yeast cultures depends among other factors also on the conditions of cultivation, on 
the concentration of live yeast cells (CFU) as well as on the dose of the culture used 
(Doležal  et al. 2006). Strusinska et al. (2003) found a positive influence of added 
yeast cultures, mineral and vitamin supplements on selected biochemical indicators in 
the blood of dairy cows. Similarly, Nursoy and Baytok (2003) observed a beneficial 
influence of yeast culture on ruminal digestion, and production efficiency of cows, 
whereas the concentrations of analyzed blood metabolites were similar for cows that 
consumed diets. Nevertheless, none of the published studies demonstrated a negative 
effect of yeast culture on ruminal digestion or animal health.

The aim of this study was to assess the effects of the yeast culture supplement in a total 
mixed ration (TMR) on some biochemical indicators of ruminal fermentation and selected 
blood indicators of highly producing dairy cows.

Materials and Methods

The experiment included 20 dairy cows of Holstein breed which were divided by ten into two equal groups 
with respect to productivity, number of lactations and live weight. The experimental period lasted 150 days. Cows 
were housed in a free-stall barn and fed 3 × daily the same TMR with the experimental group receiving addition of 
the yeast culture Levucell® SC 20 (Saccharomyces cerevisiae – CNCM I–1077) in diet at a dose of 1 g per animal 
and day. The yeast preparation contained 80% of live dried organisms of Saccharomyces cerevisiae) and 14% of 
devitalized cells with the minimal guaranteed concentration of 2 × 1010 CFU·g-1. The control group of cows did 
not receive any yeast supplement. 

The components, chemical composition and nutritional value of diets/feeding rations are presented in Table 1. 
Feed leftovers were removed before each feeding. Cows were milked in a milking parlour 2-times daily.  

Samples of rumen fluid were taken from the cows of both groups by oesophageal probe using a method described 
by Dvořák (1994) within 3 h after feeding, during the 4th month of the experiment. The rumen fluid was analyzed 
for the total content of volatile fatty acids (VFA), relative % ratio of acetic, propionic and butyric acids, pH value, 
abundance of infusorians and ammonia content. Volatile fatty acids were measured by the gas chromatography 
method and the ammonia content was ascertained by the AOAC method (1980). The total content of infusorians 
was established according to a method described by Dvořák (1994). Blood was sampled by tapping from vena 
caudalis mediana into single-use test tubes without addition of anticoagulants to obtain blood serum from which 
serum urea, asparate aminotransferase (AST) and lactate dehydrogenase (LDH) were subsequently established. 
The biochemical indicators were established on an automated analyzer Model Reflovet Plus by using standard 
procedures in the laboratory of the Mendel University Brno. For analysis of glucose in a blood the heparin and 
sodium chloride were added to the test tubes.

The concentrations of macroelements - calcium (Ca), phosphorus (P), magnesium (Mg) and trace elements 
– copper (Cu), zinc (Zn), manganese (Mn) and selenium (Se) were analyzed from the EDTA’s plasma in the 
laboratory of the Mendel University Brno. 

Results were statistically analyzed using the multi-factor analysis of variance (Snedecor and Cochran 1989) 
and by a subsequent verification based on Tukey Test.

Results and Discussion

Chemical composition and nutritional value of TMR are presented in Table 1. The 
concentration of crude fibre in 1 kg of dry matter was 16.80%, which corresponds to the 
physiological requirement and production efficiency of dairy cows. With higher fibre 
contents in feeding rations, or at the introduction of low-quality feeds, intestinal digestion 
is reduced, rumen motoric activity is slowed down.  The soluble form of N constituted 
27.13% of total N-substances. The degradability of crude protein in the rumen was 
lower (57.09%) and apparently connected with higher content of protected nitrogen. The 
advantage of TMR is a favourable proportion of degradable fibre (28.10%). The content of 
fat (4.99%) and the total content of starch (27.87%) are in line with the recommendations. 
Somewhat higher is the value of starch degradability (72.55%), which apparently results 
from the higher proportion of production mixture in the feeding ration (9.5 kg) and hence 
a higher amount of starch. Long-term feeding of this diet entails a possible risk of rumen 
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acidosis if the mixture does not 
include buffer supplements. The 
concentration of ME and NEL is in 
accordance with the productivity 
of the cows.

Qualitative indicators of TMR are 
presented in Table 2. The total daily 
amount of silage acids received 
from TMR at a daily intake of 20 
kg dry matter is 720 g, which can be 
considered slightly higher because it 
represents on average 1.2 g of silage 
acids per 1 kg live weight; their molar 
concentration (9.08 mol·head-1·day-1) 
is within a normal range. Titrable 
water acidity (740 mg KOH·100·g-1) 
corresponds to the total acidity in 
spite of its slightly exceeding the 
recommended value for TMR (700 
mg KOH·100·g-1). The content of 
alcohol in 1 kg of TMR dry matter 
corresponds with the quality of used 
conserved feeds.

The effect of yeast culture 
supplement on the biochemical 
indicators of ruminal fermentation 
in dairy cows is presented in 
Table 3. The above results show 
that the pH value of rumen fluid 
in experimental cows is at the 
lower limit of the reference range 
(6.16) but is significantly higher 
(P < 0.01) than in the control cows 
(5.98). In this experiment, we 
corroborated the opinion of other 
authors (Guedes et al. 2008) 
about the influence of yeasts on 
the stabilization of pH value in the 
rumen fluid. On the other hand, this 
stabilization effect of yeast culture 
on the pH value was not proven by 
Nikkah et al. (2004). 

The diet supplemented with 
Saccharomyces cerevisiae reduced 
the pH variation of ruminal 
fluid.  Inconsistency can be seen 
also in the relation of yeasts and 

the production of total volatile fatty acids where most authors mention a physiological 
reference range of 80-120 mmol·l-1 of rumen fluid. Most published findings on the 
effects of Saccharomyces cerevisiae supplementation have shown that total rumen VFA 
concentration was not affected. Our results (Table 3) show that the supplementation of yeast 
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Table 1. Composition and nutritional value of the total mixed ration  

Ingredients Amount
Corn silage (kg) 19
Alfalfa silage (kg) 15
Meadow hay (kg) 1.5
Extracted rapeseed meal (kg) 1.0
Concentrate mixture (kg) 9.5

Composition of concentrate mixture 
Soybean meal (%) 26.0
Rapeseed meal  (%) 20.0
Malt sprouts (%) 12.0
Wheat  (%) 20.0
Barley (%) 15.1
CaCO3 (%)   1.5
NaHCO3 (%) 1.2
NaCl (%) 1.0
Mineral mixture (MKP)  (%) 3.2

Nutrients
Dry matter (DM) (%) 51.65
Crude protein (CP) (%) 17.36
Lyotropic proteins from CP (%) 8.01
Soluble proteins from CP (%) 27.13
Rumen protein degradability (RDP) (%)  57.09
Fat (%) 4.99
Crude fibre (%) 16.8
Acid detergent fibre (ADF) (%) 19.02
Neutral detergent fibre (NDF) (%) 30.24
Lignin (%) 3.9
N - free extractives (NFE) (%) 52.7
Starch (%) 27.87
Starch degradability (%) 72.55
Metabolisable energy (ME) ( MJ·kg DM-1) 11.97
Netto energy for lactation (NEL) (MJ·kg DM-1) 6.96

Indicator Amount
Lactic acid (g·kg DM-1) 25.75
Acetic acid (g·kg DM-1) 10.26
Sum of acids (g·kg DM-1) 36.01
Alcohols (g·kg DM-1) 1.5
Titrable water acidity (mg·KOH·100 g-1) 740.0
Moulds (CFU·g-1) 1·103

Table 2.  Qualitative indicators of total mixed ration



culture at the above mentioned concentration did not increase the production of VFAs, but 
experimental cows exhibited significantly lower VFA values (P < 0.01) than cows in the 
control group. Our results differ from Guedes et al. (2008), on the other hand, they are 
in line with conclusions published by Alshaikh et al. (2002), who either did not find any 
larger changes in the production of rumen VFAs or even detected a lower production of 
VFAs. Highly significant was the increase (P < 0.01) in the proportion of acetic acid and 
the decrease in the ratio of propionic and butyric acids compared to the control group.  This 
finding is corroborated by observations of other authors (Nursoy and Baytok 2003), too. 
These results are confirmed by Guedes et al. (2008).

In contrast to our expectation, the yeast supplement had no effect on the concentration 
of ammonia in the rumen fluid; i.e. under the conditions of our experiment the yeast 
supplement did not result in a better utilization of ammonia. These results are in line with 
observations published by Guedes et al. (2008), but are not in accordance with results 
of Alshaikh et al. (2002). On the other hand, a significantly (P < 0.01) favourable 
effect of yeast culture supplement was demonstrated upon the average abundance of 
rumen infusorians. Obtained results suggest that yeast culture significantly stimulated 
metabolic activity of rumen infusorians (Figs 1 and 2), which is reflected in their 
increased counts. Figs 1 and 2 show the significant effect of rumen fluid pH value 
on the content of infusorians. We can see significantly higher dependency (r = 0.919) 
of infusorians numbers reduction with pH value decreasing in rumen fluid of treated 
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Table 3.  Average characteristics of rumen fluid in Holstein cows (n = 10 )

VFA - volatile fatty acids; AA - acetic acid; PA - propionic acid; BA - butyric acid  
A, B values differ at a significance level of (P < 0.01).

 Control group Experimental group
 Average SD Average SD
pH 5.98 ±0.083A 6.159 ±0.153B

NH3 (mmol·l-1) 9.092  ±0.486 9.091  ±0.777
VFA mmol·l-1) 114.54  ±4.34B 100.58  ±12.07A

AA (%) 54.10  ±2.74A 60.30  ±2.49B

PA (%) 26.40  ±1.96B 22.60  ±2.33A

BA (%) 19.50 ±1.50B 17.10 ±0.83A

Infusorians (ths cfu·ml-1) 308.30  ±37.505A 361.60  ±18.315B

Table 4. Biochemical indicators in the blood of cows (n = 10)

A, B – values differ at a significance level (P < 0.01), c, d – values differ at a significance level (P < 0.05) 

 Control group Experimental group
 Average SD Average SD
Urea (mmol·l-1) 4.948B ±0.0384 4.807A ±0.0566
Glucose (mmol·l-1) 2.237A ±0.0261 2.278B ±0.0269
Ca (mmol·l-1) 2.273A ±0.0210 2.328B ±0.0327
P (mmol·l-1) 2.062B ±0.0435 1.978A ±0.0266
Mg (mmol·l-1) 1.024B ±0.0304 0.957A ±0.0362
Cu (µmol·l-1) 11.01A ±0.7021 12.12B ±0.2948
Zn (µmol·l-1) 15.53A ±0.7900 17.36B ±0.5173
Mn (µmol·l-1) 0.415A ±0.0508 0.54B ±0.0338
Se (µmol·l-1) 0.35A ±0.0242 0.441B ±0.0278
AST (µkat·l-1) 0.609c ±0.1097 0.744d ±0.1094
LDH (µkat·l-1) 14.8 ±1.4387 15.87 ±0.887



cows (Fig. 1), however the dependency was weaker (r = 0.835). Similar relations were 
observed by Strzetelski  et al. (1996). 

The effect of yeast culture supplementation in TMR on the metabolic profile of blood 
of cows is presented in Table 4. Significant differences were recorded (P < 0.01) in the 
concentrations of glucose, urea and all mineral elements. Significantly lower concentration 
of urea in the blood serum of experimental cows (4.807 ± 0.566 mmol·l-1) as an indicator 
of nitrogen metabolism compared to the control group (4.948 ± 0.0384 mmol·l-1) suggests a 
better utilization of protein. Although the average values of blood urea exhibited a relatively 
high individual variability during long-term feeding, none of the two groups exceeded 
the reference concentration. Lower concentration of blood urea is often diagnosed in 
dairy cows in connection with a higher content of bypass protein in a diet or with a lower 
value of diet RDP in the rumen. Nikkah et al. (2004) did not corroborate the influence 
of yeast culture supplemented diet on concentrations of total protein, urea, glucose, 
cholesterol, triglycerides and mineral substances in the blood of cows. In both groups, the 
concentration of blood glucose was at the lower limit of reference value and in no case was 
the concentration of 3 mmol·l-1 exceeded. Nursoy and Baytok (2003) mention similar, 
i.e. comparable concentration values of  blood indicators in cows. 

There were significantly higher (P < 0.01) concentrations  of Ca, Cu, Zn, Mn and Se in  
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Fig. 1. The effect of pH value on the counts of rumen infusoria (control group)

Fig. 2. The effect of pH value on the counts of rumen infusoria (experimental group)



the blood of experimental cows, where as the contents of P and Mg were lower than in the 
control group.

Physiological limits of calcium (2.25–2.99 mmol·l-1), phosphorus (1.62–2.26 mmol·l-1), 
magnesium (0.78–1.07 mmol·l-1), zinc (12.2–45.9 µmol·l-1) and manganese (0.36– 
1.82 µmol·l-1) were observed while decreased physiological limits of copper (12.6– 
18.90 µmol·l-1) and selenium (0.50–1.90 µmol·l-1) were detected in the blood of cows of 
both groups. Blood zinc concentrations (control 15.53 ± 0.79 µmol·l-1, resp. 17.36 ± 0.517 
µmol·l-1) in the experimental group were at a lower limit of the range. In spite of significant 
differences in the individual blood indicators, their concentrations are apparently not 
connected with the yeast culture supplementation but rather with the diet and with the 
individuality of cows, as works of other authors suggest, too (Nursoy and Baytok 
2003). Similarly, the differences in the activity of AST and LDH enzymes indicate that 
the physiological limits of AST and LDH were not exceeded. According to Pechová et 
al. (2002), the activity of AST increases in dairy cows suffering from liver steatosis or in 
cows with disturbed energy metabolism. Its value is therefore very individually variable. 
Similarly, the activity of LDH enzyme in the blood serum did not exceed the reference 
volume and was apparently not affected by the addition of yeast culture. 

The obtained results indicate that the supplementation of Saccharomyces cerevisiae 
culture at recommended doses has a positive effect on the ruminal digestion of Holstein 
dairy cows.

Vliv zkrmování kvasinkové kultury na bachorovou fermentaci 
a krevní ukazatele krav holštýnského plemene

Cílem příspěvku bylo posoudit prostřednictvím odebrané bachorové tekutiny a krve, 
vliv přídavku testované kvasinkové kultury Levucell® SC 20 obsahující Saccharomyces 
cerevisiae (CNCM I– 1077) do směsné krmné dávky (TMR) dojnic na bachorové trávení 
a biochemické ukazatele krve krav holštýnského plemene. Kvasinková kultura byla přidá-
na do krmné dávky pokusné skupiny krav v doplňkové krmné směsi v dávce 1 g/ks/den. 
Krávy byly rozděleny po 10 ks do kontrolní a pokusné skupiny. Směsná krmná dávka byla 
založena na bázi kukuřičné siláže (19 kg), vojtěškové siláže (l5 kg), lučního sena (1,5 kg), 
řepkového extrahovaného šrotu (1 kg) a doplňkové krmné směsi (9,5 kg). Vzorky bachoro-
vé tekutiny byly odebrány tři hodiny po nakrmení. Přídavek kvasinkové kultury statisticky 
významně (P < 0,01) zvýšil a stabilizoval hodnotu pH bachorové tekutiny. Ve srovnání 
s analyzovanými vzorky bachorové tekutiny kontrolní skupiny krav, přídavek hodnocené 
kvasinkové kultury neměl významný efekt na zvýšení obsahu těkavých mastných kyselin 
(TMK) v bachorové tekutině. V utilizaci amoniaku nebyl zjištěn mezi kravami experimen-
tální (9,091 ± 0,777 mmol/l) a kontrolní (9,092 ± 0,486 mmol/l) skupiny žádný významný 
rozdíl. Doplnění kvasinkové kultury do krmné dávky signifikantně (P < 0,01) zvýšilo počet 
infusorií v bachorové tekutině krav pokusné skupiny (361,3 ± 18,315 tis·ml-1) ve srovnání 
s kontrolní skupinou (308,3 ± 37,505 tis·ml-1). Přídavek kvasinkové kultury významně  
(P < 0,01) zvýšil v krevním séru obsah glukózy, Ca, P, Cu, Zn, Mg a také koncentraci 
AST (P < 0,05). Hodnota LDH nebyla mezi oběma skupinami krav významně odlišná  
(P > 0,05). Hladina sérové močoviny byla u pokusných dojnic (4,807 ± 0,0566 mmol·l-1) 
oproti kontrolní skupině (4,948 ± 0,0384 mmol·l-1) významně (P < 0,01) snížena.

Výsledky indikují, že přídavek kvasinkové kultury obsahující Saccharomyces  
cerevisiae CNCM I-1077 měl pozitivní efekt na bachorové trávení a stimulaci bachorové 
mikroflóry.
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