
a 

J King Saud Univ., Vol. 14, Agric. Sci. (I), pp. 1-13, Riyadh (142212002) 

Effect of Yeast Culture as an Additive to Sheep Feed on Performance, 
Digestibility, Nitrogen Balance and Rumen Fermentation 

B.M. Ahmed and M. S. Salah 
Department of Animal Production and Breeding, College of Agriculture and Veterinary 

Medicine, King Saud University, Gassim, Buriydah, P 0. Box. 1482, Saudi Arabia 

(Received 10/611420; accepted for publication 19/6/1421) 

Abstract. The effect of using different levels of yeast culture as a feed additive to sheep rations was 
investigated in two trials; the I st trial was to determine the nutrient digestibility. N-balance and feeding value 
of the experimental rations as well as rumen fermentation, using 3 flstulated rams distributed in a 3 x 3 Latin 
square design to 3 different rations [basal ration (control, C), control plus 4g yeast/ram/day (C4) and control 
plus 8g yeast/ram/day (C8)]. Each feeding period consisted of3 weeks (2 weeks as an adaptation period prior 
to I week of sample collection) Animals were fed separately in individual metabolic cages. Rumen liquor 
samples were collected before (Oh) and I, 3 and 6h post morning feeding during the last 3 days ofthe 
collection period. The 2nd trial was to study the lamb performance. Twenty-four growing lambs (14.6 ± 1.3 
kg) were divided into 3 comparable groups each was fed one of the above mentioned diets for 4 months. 
Weekly feed intake, and biweekly body weights were recorded. Growth rate and feeding etlleiency were 
calculated. Results revealed that the addition of yeast improved the digestibility of OM, CP and CF leading to 
an increase in the nutritive value (TON, OCP and ME) Nitrogen balance as well as the total VFA in the rumen 
was also improved with the addition of yeast at the two levels used, however, differences were only signifIcant 
between C8 and the control group. The AOG of growing lambs was increased by 13.8 and 30.2% in groups 
('4 and C8, respectively over the C group, however, differences were not significant. It could be concluded 
that YC be used at the level of 8g1head/day in order to have better performance More studies. however, are 
still needed especially with small ruminants (sheep and goats) io throw more lights on the etYeet ofYC and its 
mode of action. 

Introduction 

In the recent years, the use of feed additives containing bacterial and yeast cultures eYC) 
has been increased, These probiotics are live microbial feed supplements, which 
beneficially affect the host animal by improving its intestinal microbial balance [1]. They 
have been used as growth promoters to replace the widely used antibiotic and synthetic 
chemical feed supplements [2-5]. Lactobacilli and streptococci are the most commonly 
used genera of microorganisms in the production ofprobiotics [6, 7]. Saccharomyces 
cerevisiae (as live YC) reported to balance the energy and the acid-base metabolism in 



2 8.M. Ahmed and M.S. Salah 

dairy cattle, resulted in a significantly higher milk production [3]. No literature, however, 
are available about the effect of YC on the growth performance of sheep and/or goats. 

An increase. in bacterial numbers recovered from the rumen is the most reproducible 
effect of dietary yeast supplementation, and it has been suggested that this increase is central 
to the action of the yeast in improving ruminant productivity (feed efficiency, milk 
production and composition) [8, p.317-353]. Yeast has been shown to provide nutrients that 
stimulate the growth of certain rumen microorganisms (probiotic effect) such as the lactic 
acid-utilizing rumen bacterium Selenomonas ruminantium [9, 10]. S. cerevisiae stimulation 
of rumen bacteria depends on its respiratory activity [II] which allow it to scavenge O2, 

thus protecting the strictly anaerobic bacteria [12]. Its content of malic acid [9, 10] has little 
to do with its action. Yeast also provides vitamins to support the growth of rumen fungi 
[13]. The presence of respiring yeast, therefore, would be predicted to be beneficial to the 
rumen microflora. Yeast culture was reported to have positive effects on nutrient 
digestibility and rumen activity [14,15] while it had no effects on other studies [16,17]. The 
present work was carried out to study the effect of adding Y C at graded levels to sheep 
rations on their feed utilization and productive performance. Rumen fermentation 
parameters were also determined in order to clarify some of the yeast mode of action. 

Materials and Methods 

Two experiments were carried out in order to determine the efficiency of yeast
supplemented rations in feeding sheep. 
Experiment I: Digestibility, N-balance and rumen fermentation 

Three Naemy (local Saudi Arabian breed) rams (40 kg avg. BW) in a 3x3 Latin
square design were used in a digestibility trial to determine the nutrient digestibility, N
balance, feeding value and rumen fermentation parameters of the experimental rations. The 
basal ration (control, C) contained a mixture of barley, 25%; wheat bran, 25% and good 
quality chopped Rhodes grass hay, 50%. The chemical composition of these ingredients is 
presented in Table I. Treatments consisted of a YC-free basal ration (C), and the basal 
ration supplemented with either 4g (C4) or 8g (C8) ofYC/ram/day. Animal's requirements 
were met according to Church [18, p. 209-222]. Yeast culture (Yea-Sacc, product of 
Alltech Biotechnology Center, Kentucky, USA) was included in the ration by simple mixing 
with wheat bran just before the morning feeding. Animals were kept and fed in individual 
metabolic cages allowing a separate collection offeces and urine as described by Maynard 
cl ill. [19, p.283-338]. Animals were fed twice daily and water was available at all times. 
Animals were adapted to the rations and cages for two weeks as a preliminary period 
(during which the exact feed intake was determined) followed by a collection period of one 
week (during which the feed offered was restricted to only 95% ofthe exact feed intake 
during the preliminary period to insure no refusals). During the collection week feces and 
urine were daily collected quantitatively and were sampled for analysis. Chemical 
composition of dlY matter (OM), crude protein (CP), ether extract (EE). crude fiber (CF), 
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nitrogen-free extract (NFE) and ash for both feed and fecal samples as well as total nitrogen 
(N) in urine were conducted according to A.O.A.c. [20, p. 12S-142]. 

Table 1. Chemical composition of the feed ingredients used in formulation ofthe basal ratio (% on DM 
basis) 

Item Barley Wheat bran Rhodes hay Basal ratio* 

Dry matter. DM 93.20 90.41 91.10 91.45 

Organic matter, OM 96.94 93.89 85.51 90.50 

Crude protein, CP 11.44 13.04 8.07 10.16 

Ether extract, EE 2.21 3.00 1.23 1.91 

N-free extract, NFE 78.76 65.90 44.22 58.38 

Crude fiber, CF 4.53 11.97 32.00 20.05 

* Calculated based on composition of barley, wheat bran and rhodesgrass hay. 

For the rumen fermentation study, animals were fistulated prior to the experiment. 
Rumen liquor samples (100 ml) were collected by suction through the fistulae during the 
last 3 days of the collection period before the morning meal (Oh) and 1, 3 and 6 h post
feeding to determine the production of volatile fatty acids (VFA) and ammonia-N 
concentration. Rumen digesta was strained through four layers of cheesecloth; pH was 
immediately measured using a hand pH-meter with glass electrode followed by the 
addition of 2 ml H2S04 (SO%v/v) to retard ammonia loss. Samples were frozen for 
subsequent analysis for ammonia-N according to Al-Rabbat et al. [21], and total VF A as 
described by Warner [22]. 

Experiment 2: Growth performance of lambs 
Twenty-four growing Naemy lambs with an average body weight of 14 ± 1.S kg 

were used in this experiment. Animals were divided into 3 comparable groups (8 lambs 
each) and randomly allocated to the three diets (C, C4, and C8) as described in the 1 st 

trial. The experimental rations were formulated to meet the requirement of the animals 
according to Church [18, p. 209-222]. However, to have more pronounced effect ofYC 
on microbial protein, dietary protein was minimized to the least requirements (10%). Dry 
YC was mixed as mentioned in experiment 1. Lambs were group-fed twice daily at 8 
a.m. and 3 p.m. In the morning meal, only half of the calculated requirement was offered 
to the animals to insure the complete consumption of YC, while in the second meal 
rations were left before the animals to eat ad lib. in order to measure feed intake. 
Drinking water and mineral licks were available all the time. The amount of ration 
offered was changed every two weeks according to body weight changes keeping YC 
levels unchanged. The feeding trial lasted for 4 months during which live body weight 
was recorded every 2 weeks while feed intake was recorded at weekly intervals by 
subtracting the refusals (if any) from the amount offered. Average daily gain (ADO) and 
feed efficiency were calculated. 
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Statistical (Ifut~"sis 

Data of the digestibility, N balance and rumen fermentation pZlrameters were 

anahzed bv ANOYA for Latin square design according to Gilll23, pp.1 32-1-10] using 
the model: 

Ivhere YII' is the dependent variable, ~l is the overall mean, PI is the effect of illl period, 

AI is the elTect of /' ram, T, is the effect of the ktll YC supplementation and ell' is the 

residual error assumed to be normally and independently distributed. Due to the repeated 

measurements of the rumen samples within each treatment. the above mentioned model 

was used as a split plot Latin square to analyze the data of rumen fermentation (YF A and 
NI l;-N) 

Data oCgrowth performance were analyzed by ANOYA for completely randomized 

design according to Gill [24, pp. 287-303] using the model: 

Y li = ~l + T; + ell 

where YII is the dependent variable, ~l is the overall mean, TI is the effect of the /' YC 

supplementation and eiJ is the residual error assumed to be independently and randomly 

distributed. 

DUllcanls test [25] was used to compare the treatment means. 

Results 

Results of experiment I (Table 2) revealed that the digestion coetficients of DM 

(1),0.0:,)) and CF (P<O.O I) were improved with animals fed the YC at both levels used in 

comparison with those fed YC-free diet, while difference regarding CP was only 

sign incant between control and C8; differences between the two levels, however. were 

not significant The dietary treatment had no effect on the digestibility of EE and NFE. 

The increase in digestibility lead to an increase in the feeding values Crable 2). Total 

digestible nutrients (TDN) increased from 64,75% in the control group to 67.79 and 70% 

in groups fed 4 and 8g YC/head/day, respectively. Corresponding values were fOllnd for 

digestible crude protein (DCP) being 7,04,7.35 and 7,66%. The improvement in TDN 

and DCP were only significant (P<O.05) for C8 group in comparison to C group. The 

calculated metabolizable energy (ME) being 2.34, 2.45 and 2.53 Mcal/kg DM, 

respectively. Differences 



Etfect of Yeast Culture as an Additive to Sheep Fecd 5 

Table 2. Digestion cocmcicnts and nntl"itive value of the cxpel"imt'ntal diets as affccted b~ thc addition 
of yeast culture 

Experimental ratios"" 
Item Control C.f 

Digestio1l coe.fficiellts (%) 

DM 65.31 ± 0.85" 70.62 + loi' 

C[' 69.34 ± 0.87 a 72.38 ± 09C," I, 

EE 64.28 ± 1.28" 65.68 f Otn" 

NFL 75.47 ± 1.31 a 77.23± I 6Yl 

CF 54.28 ± 0.86 A 62.51 ± 09(,B 

!VlItritive value 

TDN.%I 64.75±1.42" 67.79 ± 134,,1; 

DCl'.o;,,' 704±OO9" 7.35 ± 0.1 Oab 

"IE (Kcal/kg OM)' 2341 2451 

,It Vailies having ditferent superscript within each row arc significantlv dilTerent (["'(J05) 
\ Ii \'allics having different superscript within each row arc signiticantlv ditTcrent (['/().() I) 
"(",>l1ln>1 ~ basal diet: C4 = control + 4g YC/h/d: C8 = control + 8g YC/h/d 
: IT)"! = tutal digestible nutrient. 
I )('1' ~ dl~estlble crude protelI1. 

("8 

71.72 J Icli' 

7~ 42 ± I 19 I; 

(>:'.49 + I 16" 

~l) 'i I = 1.47" 

h'iJ8 + on'l 

,() ()()± I -,h 
)-, 

7 66 I () 12 b 

2).1 ! 

:VII = metabolizable energy ( calculated assuming Ig TON=3.6155 kcal: Church 118. J1 :1131 

Rumen ammonia-N concentration of sheep fed different levels of YC is illustrated 
IJ1 Fig. I. Before feeding (at zero time) anunonia-N was almost equal ill all treatments: 
the maximum values were found at 1 h post-feeding being a little higher with the control 
group. After the first hour. ammonia-N concentrations started to decline lincarly to reach 
the minimum at 6-h post-feeding. DitTerences between treatments within each sampling 
timc were not significant. 
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Fig. I. RlIminal ammonial N concentration as affected by dictaI'} yeast cult lire. 
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Concentrations of VF A as affected by the dietary YC are shown in Fig. 2. The 
lowest total VF A values were reported before feeding for all dietary treatments. At I h 
aftcr feeding, sheep of group C8 (with the higher level of YC) had the highest total VF A 
conccntration followed by those in group C4, whereas sheep of C group was the lowest 
one. The same trend was observed at 3 and 6h after feeding; differences between 
treatment within all sampling times after feeding was only significant (P<O.05) for group 
('8 in comparison to the control group. The total VFA concentration at 3h post-feeding 
was the highest (P<O.05) of all sampling times. The increase in total VF A concentrations 
post-feeding lead to decreases in the pH values of rumen liquor. especially at 311 (Fig. 3). 
However, no significant differences in the pH values were found between treatment 
groups. 
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Fig. 2. Rumina totail VFA production as affected by dictary yeast culture. 
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Fig. 3. Ruminal pH values as affected by dietary yeast culture. 
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Results of the nitrogen balance are presented in Table 3. Sheep fed YC had more, 
but not significant, nitrogen intake (NI). That was due to the more feed consumed in 
these groups. Fecal N significantly (p<0.05) decreased with YC-fed animals due to 
more digested N (ON). Urinary N was increased with YC groups. Nitrogen balance 
(NS) was higher (P<0.05) with sheep fed YC supplemented diet at the C8 level 
compared to that fed YC-free diet. Group C4 had an intermediate nitrogen balance 
value and did not differ significantly than the other two groups. Nitrogen balance as a 
percentage of Nl was better with C8 group (24.23%) followed by C4 (22.76%) and 
the least was the control group (21.53%); differences were significant (P<0.05). 
However, when NS was calculated as percentage of ON, differences between dietary 
treatments were diminished. 

Table 3. Nitrogen balance (g/head/day) of sheep as affected by dietary yeast culture 

Experimental rations"') 

Item Contl'ol C4 (:8 

N intake (NI) 18.86 ± 1.23" 19.38 ± 1.54" 20.06 ± 1.<)7" 

Fecal N (FN) 5.78±0.14b 5.34 ± 0.08 ab 4.93 ± 0.10" 

Digested N (ON) 13.08±0.16 a 14.03±0.16b 15.14 ± 0.25' 

Urinary N (UN) 9.02±0.loa 9.62 ± O.OSb IO.27±O.14' 

N balance (NB) 4.06 ± 0.04 a 4.41 ± 0.06 .tb 4.86 ± (JOSb 

N13/NL 'Yo 21.53 ± 0.25 a 22.76 ± 026b 24.23 ± OJ3' 

N13/DN. o/;, 31.04 ± 0.33 a 31.43 ± 0.30" 32.10 ± 0.36" 

"b., Values having ditIerent superscript within each row are significantly different (P<0.05) 
"Control = basal diet; C4 = control + 4g YC/h/d; C8 = control + Sg YC/h/d 

The effect of dietary YC on lamb productive performance is presented in Table 4. 
Lambs had an average initial body weight of 14.5 kg ± 1.4. The final body weights 
were 29.8, 31.6 and 34.7 kg for C, C4 and C8 groups, respectively. Average daily 
gain was 126.7, 144.2 and 165 g/d for the same respective groups. Dietary YC 
improved the growth rate by 13.8 and 30.2% at the levels of 4 and 8 g/h/d, 
respectively over the control diet; differences however, failed to be signiticant. Lambs 
fed the treated groups consumed more feed as OM, TON, ME, CP and DCP. Due to 
the group feeding system used in the present study, data of feed intake and feed 
efficiency were not statistically analyzed. Lambs fed the YC treated diets utilized 
their feed more efficiently Crable 4). 
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Table 4. Performance of growing Naemy lambs as affected by dietarv addition of vcast cnltnre 

Item 
'\0. of Lambs 
Avg. initial weight 
(kg) 

A\ g i1nal \leight (kg) 

Circmth period (day I 

.'\\g towl gain (kg) 

i\ vg dady gain (g) 

Feed intake/Iamb/day 

[)1\1 (gl 

TDN (g) 

ME IKcal) 

('I' Ig) 

DCI' (gl 

£!ficienC)' offill'd utilization 

kg Ufvl/kg gain 

Control 
8 

14.6 ± 1.5 

29.8 j, 2.3 

120 

1).2±1.2 

126.7 ±19.6 

849 

550 

1989 

86.3 

6.70 

4.34 

1.47 

Experimental ratios") 

C4 
8 

14.3 ± 1.2 

31.6±2.7 

120 

17.3 ± I.) 

144.2 01, 21.3 

13.8 

890 

603 

2180 

90 . ..( 

65.4 

6.17 

4.18 

1.60 

*PER= protein cfllcicncy ratio = g body weight gain/g protein conslimed 
"Control = basal diet: C4 = control + 4g YC/h/d: C8 = control -I- 8g YCih/d 

Discussion 
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Yeast culture has been observed to improve the digestibility of most nutrients [26 -
32); that was the case in the present study (Table 2). Robinson [26] reported that 
supplementation of YC in the diet increased net digestion in the forestomach. particularly 
of fiber leading to increase energy output. Earlier work [33] found that yeast increased 
the initial rate of forage digestion in the rumen. The increase in digestibility. especially 
for cr. may have been due to an increase in the population [I I) 30] and/or activity [28, 
34] of rumen cellulolytic bacteria. Proteolytic bacteria counts were also stimulated by 
yeast culture [35]. 

To clarifY the mode of action of YC in the present study, rumina] microbial activity 
was evaluated as pH and concentrations of ammonia-N and total VFA. The concentration 
of total VFA was higher (P<0.05) at all sampling times \Nith the group fed 8g YC in 
comparison to the control group. Sheep fed 4g YC had an intermediate value and did not 
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differ significantly than the other tow groups. The control group (YC-free group) was the 
lowest. Total VF A was increased in all groups with the advance in time reaching the 
maximum activity at 3h after feeding then declined (Fig. 2). This may have been due to 
the increase in the bacterial counts and activity [11, 28,30,34,35] and the stability of 
the ruminal environment [36, p 1-47]. Similar trend was reported [37]. Addition of YC to 
the ration had no significant effect on ammonia-N concentration or pH of the rumen fluid 
within all sampling times (Fig. 1&3). Others [27, 35] have reported similar results. The 
differences between our results and other published data [17, 27, 35] may be attributed to 
differences in the quantities used andlor different strains ofYC. Newbold el al. [38] 
reported that some strains of yeast are effective whereas others are not. The ability of 
different yeast preparations to stimulate the viable count of bacteria in the sheep rumen 
appears to correspond with their ability to remove O2 from rumen fluid [1 1]. The amount 
of O2 entering the rumen of sheep daily was calculated to be in the range of 11.5 - 38 
liters through saliva, food and diffusion of the blood of the host animal [11,39]. Oxygen 
is known to be toxic to anaerobic bacteria and it inhibits the growth of rumen bacteria in 
pure culture studies [40.41] and the adhesion of cellulolytic rumen bacteria to cellulose 
[42]. The presence of a respiring yeast, therefore, would be predicted to be beneficial to 
the rumen microorganisms. 

Nitrogen balance and metabolism was found to be improved due to the inclusion of 
YC in the diet of sheep in the present study (Table 3). This may have been due to the 
increase in N digestibility (Table 2) as well as to a better utilization of the dietary N. 
Proteolytic bacteria count was increased [35] and the flow of non-microbial non
ammonia N tended to be higher for cows fed YC [27]. 

Regarding the effect of YC on lamb performance it was found that YC non
signiticantly improved ADG. Results of growth pattern agreed with those ofN balance. 
TheYC was found in other studies to improve milk yield in dairy cows' [27]. Others 
reported no effect with dairy cows' [26] or dairy ewes and goats [17]. Feeding YC 
increase the mean group feed intake; differences, however, were not tested statistically 
due to the group feeding system applied in the present study. Others [32, 34] reported 
similar results, while [17] reported no effect ofYC on OM intake. Therefore. it could be 
recommended that YC be used in feeding the growing lambs at the studied levels in order 
to have better growth performance. However, more studies with higher YC levels as well 
as with different animal breeds are still necessary for greater claritication. 
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