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Effect of Yeast (Saccharomyces cerevisiae) on Apparent Digestibility
and Nitrogen Retention of Tomato Pomace in Sheep
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Abstract: Twenty mature rams were used to determine the effects of yeast (Saccharomyces cerevisiae) on
digestibility and nitrogen retention of tomato pomace. The animals were assigned randomly to one of the
four different treatments (0, 2, 4 and 6 g/head/day yeast) with five rams per treatment in a completely
randomized design. Each diet was fed for 14-day adaptation following a 7-day collection period whereas
tomato pomace digestibility was measured by difference method using alfalfa as the basal diet. Yeast
supplementation significantly (P < 0.05) increased digestibility of dry matter (DM), organic matter (OM), crude
protein (CP), NDF and ADF of tomato pomace where the gross digestibility derived from the supplementation
was superior in 4 gram yeast compared to the control group. In addition, sheep fed yeast had a marked
increase in energy digestibility of tomato pomace at 4 gram level, however, yeast did not affect energy
digestibility at 2 and 6 gram. Also, the nitrogen retention of tomato pomace was improved by Saccharomyces
cerevisiae adding at 2 and 4 gram levels. The observed results were attributed to better digestibility and
nitrogen retention of tomato pomace of 4 gram yeast group, possibly due to its better supply of rumen
fermentation and microorganisms’ activity of digestive tract.
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Introduction
The production of juice and other products from
tomatoes is a major industry in some areas of the world.
After the juice is extracted, a residue, tomato pomace,
which primarily consists of water, tomato seeds and
peels is left. The high water content (ca. 75%) of this by-
product limits its length of storage. Fresh tomato
pomace would spoil in two days if exposed to the air.
Because of storage problems, tomato pomace is often
dried. Dried tomato pomace has been fed to dairy cows
and sheep (Belibasakis, 1990; Fondevila et al., 1994).
Although the tomato pomace has a moderate
concentration of CP, it has high concentrations of water, Materials and Methods
NDF and lignin. The concentration of ADIN also is high, Animals, housing and diet: Twenty mature rams were
suggesting that some of the lignin might have been an used in this experiment. The animals were housed in
artifact (Weiss et al., 1997). Increasing the digestibility of individual metabolic pens allowing collection of feed
ruminant diets and thereby improving nutrient efficiency refusals, feces and urine. They were assigned randomly
is an important aspect of ruminant nutrition. This to one of four different treatments with five rams per
improvement in nutrient utilization must initially come treatment following the completely randomized design.
from an improved rumen digestion and utilization. Yeast The animal on the different treatments received the
products especially Saccharomyces cerevisiae have same basal diet of alfalfa hay (50%) plus tomato
been added to the diets of ruminant animals for many pomace (50%) and supplemented with 0, 2, 4 and 6
years to improve their efficiency with a variety of results. g/day yeast (Saccharomyces cerevisiae) respectively.
Some of the benefits associated with Saccharomyces Tomato pomace digestibility was measured by
cerevisiae include: increased DM and NDF digestion difference method using alfalfa as the basal diet. Yeast 

(Carro et al., 1992), increased some nutrient digestibility was added to 6g of wheat bran as an inert material in
(Dawson, 1993; Weiss et al., 1997; Kim et al., 2006), addition 5ml of molasses as appetizer and fed shortly
increased initial rates of fiber digestion (Williams et al., after offering the diet. The animals were housed in 

1991), increased milk production in dairy cattle (Harris individual metabolic pens allowing collection of feed
and Webb, 1990; Kung et al., 1997), improved ruminal refusals, feces and urine. The ingredient compositions 

fermentation plus different ruminal bacteria (Lynch and
Martin, 2002; Miller et al., 2002;), increased dry matter
intake and average daily gain (Fadel, 2007; Haddad and
Goussous, 2005; Jahnson and Robs, 2003).
It seems that we can increase digestibility of by-products
like tomato pomace by adding additives such as yeast
products. This work therefore, has the objective of
evaluating the supplemental effect of yeast
(Saccharomyces cerevisiae) as an additive on
digestibility and nitrogen retention of tomato pomace in
sheep.
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of the tomato pomace and alfalfa hay are presented in
Table 1. Feed was offered twice a day at 7:30h and
19:30h at 1.56% (as-fed basis) of live body weight and
sheep had ad libitum access to clean water during the
experiment. Each diet was fed for 14-day adaptation
following a 7-day collection period. The body weight of
the animals was recorded at the beginning and the end
of the experimental period.

Sample collection: At the time of weighing feeds, the
feed samples were collected into plastic bags, labeled
and stored until chemical analysis. Daily feces and orts
from each animal during data collection period were
weighed, mixed, a 20% sample were taken and stored
in freezer (-20  Centigrade). A 20% urine sampleo

(volume/volume) was taken and placed in freezer (-20o

Centigrade) until analysis for N balance measurement.
After urine collection, containing 20ml sulfuric acid
(normal) was added into collection container to prevent
any ammonia loose. The added sulfuric acid volume
was detected from sheep urine in the next collection day.
Data collection was done for 7 days starting from 14th

adaptation day.

Chemical analysis: Partial dry matter (DM) of samples
was determined after drying at 105  Centigrade for 24o

hours. Dried samples were ground to pass a 1-mm
screen, were analyzed for DM, organic matter (OM) and
nitrogen according to AOAC (1978). Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were
determined according to Robertson and Van Soest.
Gross energy was determined on a parr bomb
calorimetric.

Statistical analysis: Data collected from the various
parameters were subjected to analysis of variance
(ANOVA) using completely randomized design (CRD).
The differences between means were evaluated by LCD.
The analysis was performed using WINKS SDA
software.

Results and Discussion
Digestibility: The results of the yeast supplementation
indicated in Table 2 shows that Saccharomyces
cerevisiae yeast supplementation significantly (P < 0.05)
tended to increase digestibility of dry matter (DM),
organic matter (OM), crude protein (CP) and NDF of
tomato pomace at 2 and 4 gram yeast and rams fed 4
gram yeast produced the best digestibilities. The Table
2 shows that supplementation at 6 gram brings no profit
while supplementation above 2 gram increased the
digestibilities compared to the control. Therefore,
digestibility of these parameters was influenced by
adding Saccharomyces cerevisiae at 2 and 4 gram yeast
per head per day but, they were not influenced by adding
Saccharomyces  cerevisiae  at 6 gram. ADF digestibility

Table 1: The chemical composition of tomato pomace and
alfalfa

Item tomato pomace alfalfa hay
DM (%) 93.62 92.2
OM (%) 95.36 93.06
CP (%) 23 13.81
CF (%) 25.92 30.12
GE (cal/g) 4274.71 4295.3
NDF (%) 54.33 51.02
ADF (%) 45.67 48.98
Ash (%) 6.8 8.82
EE (%) 10.02 2.32
DE (mcal/kg) 2.62 2.53

was significantly (P < 0.05) affected by dietary yeast but,
there was no significant difference between levels 2 and
4 whreae, yeast supplementation did not significantly
affect ADF digestibility at 6 gram level. Sheep fed yeast
had a marked increase (P < 0.05) in energy digestibility
of tomato pomace at 4 gram level but, yeast did not affect
energy digestibility at 2 and 6 gram.
These results agreed with other studies ( Fadel, 2007;
Kim et al., 2006; Haddad and Goussous, 2005;
Lesmeister et al., 2004; Ando et al., 2004; Miller et al.,
2002; Wiedmeier et al., 1987; Birick and Yavuz, 2001;
Newbold et al., 1990; Newbold and Wallace, 1992)
whereas, others (Mruthunjaya et al., 2003; Enjalbert et
al., 1999; Erasmus et al., 1992; Wohlt et al., 1991;
Chademana and Offer, 1990) have recorded no effect.
The tomato pomace had high concentrations of water,
NDF, lignin and fatty acids and a moderate concentration
of CP (Table 1). Overall, values were similar to reference
values (NRC, 1985). Some authors (Fondevila et al.,
1994; Gasa et al., 1989) reported that the lignin
concentration was much higher than published values
of 7-11%. The concentration of ADIN also was high,
suggesting that some of the lignin might have been an
artifact (Weiss et al., 1997). The effect of yeast on fiber
digestion were highly variable, with some authors
recording increases on the fiber digestion of low quality
forages (Lynch and Martin, 2002), while others
(Hadjipanayiotou et al., 1997; Avendano et al., 1995;
Enjalbert et al., 1999) have not recorded any increasing
effect.
Studies on ruminal degradation of corn silage as a feed
containing high fiber by yeast culture supplementation
(Yeast Culture Laboratory Research, 1998),
demonstrated that yeast culture increased ruminal
degradation of dry matter, NDF and hemicellulose. Other
researchers (Fadel, 2007; Birick and Yavuz, 2001;
Enjalbert et al., 1999; Erasmus et al., 1992; Miller et al.,
2002) have also confirmed these results using in vivo
and in vitro experiments. Williams et al. (1991) also
indicated that the initial rate of degradation, rather than
the potential degradability of the forage, was affected.
Fadel (2007) have also reported that NDF digestibility
and rumen fermentation of forage sorghum hay in
Nubian goat’s kids affected by yeast (Saccharomyces
cerevisiae) addition.
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Table 2: The effect of yeast (Saccharomyces cerevisiae) on tomato pomace digestibility
---------------------------- Yeast supplement (g/head/day) ------------------------------- Significance

Item 0 2 4 6 SEM level
DM (%) 56.62 65.42 68.24 58.12 1.25 *a b c a

OM (%) 59.33 63.52 66.73 59.54 1.22 *a b c a

CP (%) 56.54 62.89 66.39 57.53 1.27 *a b c a

NDF (%) 53.37 58.27 60.5 53.91 0.94 *a b c a

ADF (%) 49.65 53.29 54.15 50.53 0.72 *a b b a

GE (%) 42.7 43.52 46.78 43.83 0.64 *a a b a

Means with different superscript in the same row differ significantly *: P < 0.05. SEM: Standard error of a mean.abc

Fig. 1: Effect of yeast (Saccharomyces cerevisiae) on secondary effect. Yeast culture stimulates the growth of
nitrogen retention of tomato pomace in sheep. lactic acid utilizing bacteria (Newbold et al., 1990) while,

Newbold and Wallace (1992) suggested that, bacteria (Chaucheyras et al., 1995). Thus, it appears that
differences between control and yeast culture groups the stimulation of fiber degradation in the rumen caused
were not related to the number of viable yeast cells in the by yeast can not be explained by a simple increase in
preparations and their ability to stimulate rumen rumen PH, rather the effect is modulated via an increase
fermentation may be related to difference in metabolic in the number and activity of cellulolytic bacteria
activity. It is also likely that the method of growing, (Williams et al., 1991). This effect on fiber digestion
harvesting and storing the culture affects the final activity appears to differ according to the fiber source. Roa et al.
(Miller et al., 2002). (1997) showed that quality of the forage affects NDF
Fadel (2007) demonstrated that Saccharomyces digestion respect to yeast culture, with more benefits of
cerevisiae improved OM plus NDF digestibility compared good quality forages.
with control diet. Some researches have shown that Callaway and Martin (1997) reported that
treatment with some yeast cultures increased the
number of total and cellulolytic bacteria in the rumen and
in some cases increased cellulose degradation (Miller
et al., 2002; Dawson, 1990; Newbold, 1990; Newbold et
al., 1990). Newbold et al. (1990) suggested that
Aspergillus oryzae fermentation extract and
Saccharomyces cerevisiae culture stimulated fiber
digestion by ruminal microorganisms. Therefore, it is
suggested that, in a diet containing tomato pomace,
Saccharomyces cerevisiae probably alter the rumen
fermentation which it can accelerate nutrient digestion in
rumen due to increase microorganisms’ ability.
As mentioned above in the present study, feeding 2 and
4 gram yeast daily to rams improved measured
digestibility parameters but rams fed greater level of
yeast had similar digestibility to control. These results
suggest that yeast increased digestibility parameters at

 an optimum level and its effect will reduce exceed of this
optimum level that probably refer to ruiminal
fermentation and rumen microorganisms’ activity. It
seems that the rumen fermentation will alter by adding
more yeast and digestibility will alter too. The initial
studies suggested that the effects of yeast cultures on
fiber digestion were modulated via an effect on PH in
rumen. The yeast appeared to increase rumen PH so, it
was suggested that the effects of yeast on fiber
digestion in the rumen might be mediated via an effect
on rumen PH. However, Chademana and Offer (1990)
found that yeast stimulated dry matter digestion over a
range of forage to concentrate ratios, with a little effect on
rumen PH. Indeed, Koul et al. (1998) suggested that the
increasing in rumen PH, in animal fed yeast was itself a

preventing acid production from hexose fermenting

Saccharomyces cerevisiae culture stimulated growth of
the predominal ruminal cellulolytic bacteria Fibrobacter
succinogenes and Ruminococcus albus on cellubiose
in medium that did not contain yeast extract,
Saccharomyces cerevisiae culture increased the initial
rate but not the extent of cellulose digestion by
Fibrobacter succinogenes and Ruminococcus
falvefaciens. 
It is assumed that, the yeast supplement may provides
factors stimulatory toward proteolytic bacteria therefore,
resulted in increase of CP digestion. The increase in
proteolytic bacteria is more, when high concentrate diets
are fed (Williams et al., 1991). Saccharomyces
cerevisiae supplementation has been associated with
an increased flow of microbial protein leaving the rumen
and enhanced supply of amino acids entering the small
intestine (Enjalbert et al., 1992). 
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Nitrogen retention: As shown in Fig. 1, supplementation  on the rumen health. Other available data indicated that
of the tomato pomace with 2 and 4 gram yeast per head in the rumen fluid of animals receiving supplements of
daily significantly (P < 0.05) improved nitrogen retention. yeast culture, the content of ammonia decreased
In contrast, 6 gram yeast inclusion did not affect it (Enjalbert et al., 1999; Kamra et al., 2002; Nursoy and
significantly. This finding is in agreement with Cole et al. Baytok, 2003) in addition to, the total numbers of ruminal
(1992) who reported that nitrogen retention was bacteria and infusoria significantly increased (Kamra et
significantly affected by yeast in lambs fed it. The al., 2002). 
increased proteolytic and peptidolytic activity of the
rumen microorganisms might be responsible for the Conclusion: The present study concluded that yeast
high nitrogen retention observed in yeast-fed rams.
Although, Newbold et al. (1990) suggested that,
Saccharomyces cerevisiae had no effect on the
proteolytic, peptidolytic or deaminative activity of the
rumen microorganisms in vitro. However, several
studies have recorded a decrease in the concentration
of the rumen ammonia, when yeast culture was fed
(Enjalbert et al., 1999; Koul et al., 1998; Newbold et al.,
1990). Although, some authors observed a significant
increase in flow of undegraded dietary protein from the
rumen of dairy cows fed yeast culture (Erasmus et al.,
1992; Putnam et al., 1997), Doreau and Jouany (1998)
found an increases in the rate of in situ nitrogen
degradation in animals supplemented with yeast
culture. In some studies this has been associated with
an increased flow of microbial protein leaving the rumen,
resulting an enhanced supply of amino acids entering
the small intestine (Erasmus et al., 1992). However,
others (Jouny et al., 1991) failed to find any increase in
the flow of microbial protein leaving the rumen. An
increase in microbial protein leaving the rumen any help
explain the production benefits observed when yeast is
added to the diet. Erasmus et al. (1992) suggested that
an improved microbial activity was responsible for a
greater incorporation of ammonia into 
microbial protein. Such an improvement in microbial
protein synthesis was sustained by Mutsvangwa et al.
(1992) who showed a tend towards increased allantoine
secretion in sheep supplemented with yeast, but was
not confirmed by Newbold et al. (1990) or El- Hassan et
al. (1993). The more retention of N in sheep fed yeast
can explain by reduced ammonia concentrations in the
rumen that appeared to result from increased
incorporation of ammonia into microbial protein that
probably were the direct result of stimulated microbial
activity. This increased flow of bacterial protein helps to
explain some of the very positive responses observed
with yeast supplementation in animals (Dawson and
Hopkins, 1991). But in the present study nitrogen
retention only increased at 2 and 4 gram levels not at 6
gram that probably refers to altering the rumen
fermentation by adding more yeast. The effect of different
doses of yeast culture Saccharomyces cerevisiae, strain
SC-47 (0, 3, 6 and 12g of yeast/day, respectively) on the
lactating performance of Holstein dairy cows was
described by Nikkhah et al. (2004). They drew a
conclusion  that  the yeast culture had a beneficial effect

(Saccharomyces cerevisiae) supplementation to tomato
pomace significantly affect digestion and nitrogen
retention of this by-product at 2 and 4 gram per head per
day although, yeast supplementation at a level above 4
gram did not bring additional profit. These effects may
have been due to beneficial effects on rumen
fermentation and microorganisms’ activity.

References
Ando, S., R.I. Khan and J. Takahasi, 2004. Manipulation

of rumen fermentation by yeast: The effects of dried
beer yeast on the in vitro degradability of forages
and methane production. Asian-Australas. J. Anim.
Sci., 17: 68-72.

AOAC., 1978. Official Methods of Analysis (9  ed.).th

Association of Official Analytical Chemists.
Washington DC.

Avendano, H., S.S. Gonzalez, C. Garcia-Bojalil, G.D.
Mendoza and G.R. Barcena, 1995. Effect of corn
Stover level and a yeast culture (Saccharomyces
cerevisiae 1026) on growing lambs. J. Anim. Sci.,
73: 264.

Belibasakis, N.G., 1990. The effect of dried tomato
pomace on milk yield and its composition and on
some blood plasma biochemical components in
the cow. World Rev. Anim. Prod., 25: 39.

Birick, H. and H.M. Yavuz, 2001. Effects of
Saccharomyces cerevisiae yeast culture on milk
production, milk composition and, some rumen and
blood parameters of dairy cows. J. Fac. Vet. Med.,
20: 9-17.

Callaway, E.S. and S.A. Martin, 1997. Effects of
Saccharomyces cerevisiae culture on ruminal
bacteria that utilize lactate and digest cellulose. J.
Dairy Sci., 80: 2035-2044.

Carro, M.D., P. Lebzien and K. Rohr, 1992. Effects of
yeast culture on rumen fermentation, digestibility
and duodenal flow in dairy cows fed a silage based
diet. Livest. Prod. Sci., 32: 219-229.

Chademana, I. and N.W. Offer, 1990. The effect of dietary
inclusion of yeast culture on digestion in the sheep.
J. Anim. Prod., 50: 483.

Chaucheyras, F., G. Fonty, G. Bertin and P. Gouet, 1995.
Effects of live Saccharomyces cerevisiae cells on
zoospore germination, growth, and cellulolytic
activity of the rumen anaerobic fungus,
Neocallimastix frontalis MCH3. Curr. Microbiol., 31:
201.



Paryad and Rashidi: Tomato Pomace in Sheep

277

Cole, N.A., C.W. Pudry and D.P. Hutcheson, 1992. Hadjipanayiotou, M., I. Antoniou and A. Photiou, 1997.
Influence of yeast culture on feeder calves and Effects of the inclusion of yeast culture on the
lambs. J. Anim. Sci., 70: 1682-1690. performance of dairy ewes and goats and the

Dawson,  K.A.,  1990.  Yea-sacc,  in  the  rumen:  a degradation of feedstuffs. Livst. Prod. Sci., 48: 129-
natural fermentation modifier, p: 119-125. In: T.P. 134.
Lyons (ed.), Biotechnology in the feed industry. Harris, B. and D.W. Webb, 1990. The effect of feeding a
Proceedings of the Alltech 3  Annual Symposium. concentrated yeast culture product to lactating dairyrd

Alltech Technical Publications, Nicholasville, Ky. cows. J. Dairy Sci., 73: 266. 
Dawson, K.A., 1993. Current and future role of yeast Johnson, B.J. and B.D. Rops, 2003. The effects of

culture in animal production: Avreview of research energy source and yeast (Biosaf Sc 47) on feedlot
over the last six years. In: Biotechnology in the Feed performance during the receiving period. Sited in:
Industry, ed. T.P. Lyons, Alltech Technical http://www.asas.org/midwest
Publications, Nicholasville, Kentucky, p: 269-291. Jouny, J.P., G. Fonty, B. Lasallas, J. Dore, P. Gouet and

Dawson, K.A., K.E. Newman and J.A. Boling, 1990. G. Bertin, 1991. Effects of live yeast cultures on feed
Effects of microbial supplements containing yeast degradation in the rumen as assessed by in vitro
and lactobacilli on roughage fed ruminal microbial measurements. p: 7. In: J.B. Russell (ed.), Abstr. Of
activities. J. Anim. Sci., 68: 3392-3398. the 21  Bionel conference on rumen function.

Dawson, K.A. and D.M. Hopkins, 1991. Differential Kamra, D.N., L.C. Chaudhary, Neeta-Agarwal, R. Singh,
effects of live yeast on the cellulolytic activities of N.N. Pathak and N. Agarval, 2002. Growth
anaerobic ruminal bacteria. J. Anim. Sci., 69: 531. performance, nutrient utilization, rumen

Doreau, M. and J.P. Jouany, 1998. Effect of a fermentation and enzyme.
Saccharomyces cerevisiae culture on nutrient Kim, H.S., B.S. Ahn, S.G. Chung, Y.H. Moon, J.K. Ha, I.J.
digestion in lactating dairy cows. J. Dairy Sci., 81: Seo, B.H. Ahn and S.S. Lee, 2006. Effect of yeast
3214-3221. culture, fungal fermentation extract and nonionic

El Hassan, S.M., C.J. Newbold and R.J. Wallace, 1993. surfactant on performance of Holstein cows during
The effect of yeast in the rumen and the requirement transition period. Anim. Feed Sci. Technol., 126: 23-
for viable yeast cells. Anim. Prod., 54: 504. 29.

Enjalbert, F., J.E. Garrett, R. Moncoulon, C. Bayourthe Koul, V., U. Kumar, V.K. Sareen and S. Singh, 1998.
and P. Chicoteau, 1999. Effects of yeast culture Mode of action of yeast culture (YEA-SACC 1026) for
(Saccharomyces cerevisiae) on ruminal digestion in stimulation of rumen fermentation in buffalo calves.
non-lactating dairy cows. Anim. Feed Sci. Tech., 76: J. Sci. Food Agric., 77: 413-417.
195-206. Kung, L., E.M. Kreck Jr. and R.S. Tung, 1997. Effects of a

Erasmus, L.J., P.M. Botha and A. Kistner, 1992. Effects live yeast culture and enzymes on in vitro ruminal
of yeast culture supplement on production, ruminal fermentation and milk production of dairy cows. J.
fermentation and duodenal nitrogen flow in dairy Dairy Sci., 80: 2045-2051.
cows. J. Dairy Sci., 71: 3056. Lesmeister, K.E., A.J. Heinrichs and M.T. Gabler, 2004.

Fadel, A.M.A., 2007. Effects of Supplemental Yeast Effects of supplemental yeast Saccharomy
(Saccharomyces cerevisiae) Culture on NDF cescerevisiae) culture on rumen development,
Digestibility and Rumen Fermentation of Forage growthcharacteristics and blood parameters in
Sorghum Hay in Nubian Goat’s Kids. J. Agric. and neonatal dairy calves. J. Dairy Sci., 87: 1832-1839.
Biol. Sci., 3: 133-137. Lynch, H.A. and S.A. Martin, 2002. Effects of

Fondevila, M., J.A. Guada, J. Gasa and C. Castrillo, Saccharomyces cerevisiae culture and
1994. Tomato pomace as a protein supplement for Saccharomyces cerevisiae live cells on in vitro
growing lambs. Small Ruminant Res., 13: 117. mixed ruminal microorganism fermentation. J. Dairy

Gasa, J., C. Castrillo, M.D. Baucells and J.A. Guada, Sci., 85: 2603-2608.
1989. By-products from the canning industry as Miller-Webster, T., W.H. Hoover, M. Holt and J.E. Nocek,
feedstuff for ruminants: digestibility and its 2002. Influence of yeast culture on ruminal
prediction from chemical composition and microbial metabolism in continuous culture. J. Dairy
laboratory bioassays. Anim. Feed Sci. Technol., 25: Sci., 85: 2009-2014.
67. Mruthunjaya, H.S., M.M. Kailas and T. Thirumalesh,

Haddad, S.G. and S.N. Goussous, 2005. Effect of yeast 2003. Effect of supplementation of live yeast culture
culture supplementation on nutrient intake and on nutrient digestion and milk production in
Rumen Fermentation of Forage Sorghum Hay in crossbred dairy activities in calves fed on
Nubian Goat’s Kids. J. Agric. and Biol. Sci., 3: 133- Saccharomyces cerevisiae supplemented Diet. Ind.
137. J. Anim. Sci., 72: 472-475.

st



Paryad and Rashidi: Tomato Pomace in Sheep

278

Mutsvangwa,  T.,  I.E.  Edwards,  J.H.  Topps  and  G.F.M. Roa, V.M.L., J.R. Barcena-Gama, M.S.S. Gonzalez,
Paterson, 1992. The effect of dietary inclusion of
yeast culture (Yea-Sacc) on patterns of rumen
fermentation, food intake and growth of intensively
fed bulls. Anim. Prod, 55: 35-40.

Newbold, C.J., 1990. Probiotics as feed additives in
ruminant diets. 51  Minnesota Nutrition Conference,th

p: 102-118.
Newbold, C.J., P.E.V. Williams, N. Mckaln, A. Walker and

R.J. Wallacc, 1990. The effects of yeast culture on
yeast numbers and fermentation in the rumen of
sheep. Proc. Nutr. Soc., 49: 47.

Newbold, C.J. and R.J. Wallace, 1992. The effect of
yeast and distillery by-products on the fermentation
in the rumen simulation technique (Rusitec). Anim.
Prod., 54: 504.

Nikkhah, A., M.D. Bonadaki and A. Zali, 2004. Effects of
feeding yeast (Saccharomyces cerevisiae) on
productive performance of lactating Holstein dairy
cow. Iranian J. Agric. Sci., 35: 53-60.

NRC., 1985. Nutrient Requirements of Domestic
Animals. No. 2. Nutrient requirements of sheep.
National research council-National academy of
sciences. Washington DC.

Nursoy, H. and E. Baytok, 2003. The effects of baker’s
yeast (Saccharomyces cerevisiae) in dairy cow diets
on milk yield, some rumen. uid parameters and
blood metabolites of dairy cow diets. Turk
Veterinerlik ve Hayvanclk Dergisi, 27: 7-13.

Putnam, D.E., C.G. Schwab, M.T. Socha, N.L. Kierstead,
and B.D. Grathwaite, 1997. Effect of yeast culture in
the diets of early lactation dairy cows on ruminal
fermentation and oassage of nitrogen fractions and
amino acids to small intestine. J. Dairy Sci., 80:
364-374.

M.G.D. Mendoza, C.M.E. Ortega and B.C. Garcia,
1997. Effect of fiber source and a yeast culture
(Saccharomyces cerevisiae 1026) on digestion and
the environment in the rumen of cattle. Anim. Feed
Sci. Technol., 64: 327-336.

Wallace, R.J. and C.J. Newbold, 1992. Probiotics for
Ruminants. In probiotics: The Scientific Basis, ed R.
Fuller, Chapman and Hall, London, p: 317-353.

Weiss, W.P., D.L. Frobose and M.E. Koch, 1997. Wet
tomato pomace ensiled with corn plants for dairy
cows. J. Dairy Sci., 80: 2896-2900.

Wiedmeier, R.D., M.J. Arambel and J.L. Walters, 1987.
Effects of yeast culture and Aspergillus oryzae
fermentation extract on ruminal characteristics and
nutrient digestion. J. Dairy Sci., 70: 2063-2068.

Williams, P.E.V., C.A.G. Tait, G.M. Innes and C.J.
Newbold, 1991. Effects of the inclusion of yeast
culture (Saccharomyces cerevisiae plus growth
medium) in the diet of cows on milk yield and forage
degradation and fermentation patterns in the rumen
of sheep and steers. J. Anim. Sci., 69: 3016-3026.

Wohlt, J.E., A.D. Finkelstein and C.H. Chung, 1991.
Yeast culture to improve intake, nutrient digestibility
and performance by dairy cattle during early
lactation. J. Dairy Sci. 74: 1395-1407.

Yeast Culture Laboratory Research, 1998. Influence of
yeast on ruminal degradation of corn silage in situ.
Yeast culture laboratory research report, N. 2.


