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ABSTRACT

The increased awareness in the use of organic and inorganic substances to manipulate rumen
function for improved productivity and fermentative activity have provided avenues for the
inclusion of various organic and inorganic substances such as various strains of yeast
culturesin ruminant diets. In this study, we investigated the effect of varied doses of bioactive
yeast, Saccharomyces cerevisiae (strain 1026-Allthech) on productive parameters (feed intake,
water intake, weight gain, feed conversion ratio, and feed efficiency) and total tract
digestibility of feed fractions, using Panicum maximum (PM) and Centrosema pubescens (CP)
as basal diets in WAD sheep. Three inclusion levels of 0.4, 0.6 and 0.8 grams per kilogram
body weight (gSC/kgbw) were administered to three randomized groups of five West African
Dwarf sheep designated A, B and C respectively. Another group (D) of same number of
animals served as the control. The degradability study was performed using the total faecal
collection technique for PM and CP in all the groups. The results of the study showed that SC
significantly (p<0.05) improved the apparent rumen degradability of the feed fractions of PM
and CP as well asthe productive performance parametersin a dose dependent manner relative
to the control. It was concluded from this study that a maximum dietary inclusion of SC at 0.8
g/kgbw is not only safe, but can be effectively used to increase rumen degradability of feed
fractions for enhanced productivity and performance of WAD sheep.

Keywords: Saccharomyces cerevisjaemen bioengineering, forage degradability, poice
performance, WAD sheep.

INTRODUCTION

West African dwarf sheep is one of the most predami breed of sheep reared in the tropical raiesfor
region of Nigeria. Its production is faced with taén challenges ranging from inadequate feed $ijff
due to prolonged dry season to poor protein qualiy high fibre content of forages in the tropi2 [
The low productivity of these ruminants is becaothe poor nutritional status in terms of feedlgya
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[3]. Although native forages are the most widelgitable low cost feeds for ruminants in the trodidls

they deteriorate rapidly especially during the season. Common forages popularly consumed by small
ruminants in southeastern Nigeria are guinea gifaaaicum maximumand the legumeQentrosema
pubescens

Legumes and grasses are the main sources of nstf@nruminants. These feed resources conserve
nutrients for long periods and even during harghumfavourable seasons like winter and harmattey) (d
when other resources are in short supply [5]. Lezgiand grasses also have high rumen degradability
potential as they supply nutrients more to rumearoties than to the host animal. In other to improve
nutrient availability to the host animal from legesnand grasses, they are usually supplemented with
other slowly degradable feeds [6] or organic amatganic substances in form of vitamins and minerals
capable of engineering rumen fermentation posiivel

Ruminants have a unique ability to convert feedsuif low nutritional value or unfit for human
consumption into useful end products that are zetili for productivity and growth. This is possible
because of microbial fermentation taking placenentumen and reticulum [7].

With the high cost and seasonality of feeds, lwelstfarmers have been challenged to search for
alternative feed resources that can economicaliplsment the conventional feed ingredients in retio
without adverse effects on the health and perfoomanf the animals [8,9] or to manipulate the rurfan
enhanced fermentation activities. As a result, \@ganic and inorganic compounds have been tased
‘engineer’ the activities of the microbes and im@oumen function generally [10].

One of such organic substances used for rumen diivegring is bioactive yeast. A lot of research has
been carried out with yeast to determine its effectthe various rumen function and productive
parameters of ruminants as well as the effect dfithey of the various species and even their strai
[11]. Most of these earlier works were done usirgtie breeds of sheep. Most works on yeast in the
tropics have been directed towards poultry witllelitor no emphasis on other livestock [12,13].
Saccharomyces cerevisiaadAspergillus oryza@among the yeasts commonly used in farm animas diet

In order to understand the productive implicatioh®ioactive yeasbn WAD sheep nutrition, this study
was designed to investigate the effectSaiccharomyces cerevisiggtrain Yea sacc 1026-Allthech) on
forage fractions digestibility and some productp@amameters.

MATERIALS AND METHODS

Experimental Animals

Twenty adult female WAD sheep used for this studgrevsourced from lbagwa and Orba markets
respectively in Nsukka and Udenu Local Governmer@a& of Enugu State. They were quarantined for
14 days and acclimatized for another 21 days aV#terinary Teaching and Research Farm, University
of Nigeria, Nsukka. The sheep were treated prohigialy for ectoparasites and endoparasites using
ivermectin at 200 i.u/kg (ivom&c Argenta Manufacturing Limited, Auckland, New Zaad])
subcutaneously and levamisole Hydrochloride bolug.a mg/kg respectively. They were also given
tissue culture vaccine (NVRI, Vom, Nigeria) agaipsistes des petit ruminantes. The sheep were ear
tagged and housed individually, under shed, in-wetitilated wooden metabolic crates at the Veteyina
Teaching and Research Farm, University of Nigédsykka. They had an average body weight of 12.78
+1.95 kg after acclimatization.

Experimental design

The study was divided into two experimental prote¢&Ps). In each EP, the WAD sheep were randomly
divided into four groups (A, B, C and D) of fiveiarals each and the study lasted for a period of 4
weeks. In EP I, fresR. maximunm(PM), was fed alonad libitumfor 4 weeks to all the groups while in
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EP Il freshC. pubescenfCP), was fed alonad libitumfor the same 4 weeks after a cross over period of
4 weeks. In both protocols, three dose levelS@f0.4, 0.6 and 0.8 grams 8t cerevisiager kilogram
body weight ($Ckgbw) were administered to the animals in group8Aand C respectively. Group D
served as control. Faecal samples were collectiy fdam each animal in the groups. Samples were
analyzed to determine the total tract digestibitifydry matter, organic matter, crude protein, erfidre,
neutral detergent fibre and acid detergent fibe.[Live body weight was determined weekly. Water
intake was determined using Forbes [15] equation:

Total water intake (TWI) = 3.36 DMI — 0.99 (Forb&885) where DMI is dry matter intake in kg/animal.
%DM
100

Feed efficiency, which is the reciprocal of feedhwersion ratio, was calculated according to the
following equation:

%DMI = X TFI

Live weight gain (kg)

FE x 100

- Quantity of feed consumed (kg)

DATA ANALYSIS

The results of the study for each parameter studiettk analyzed using a statistical package, SPSS
version 16.0. Means were taken to be statisticadjpificant atp < 0.05 whereas separation of the means
was done using the Duncan’s Multiple Range Tegt [16

RESULTS

Table 1 shows the chemical composition (%) of thkdes used for the experiment wit® having
higher dry matter and crude protein values of 4ai@ 18.95 respectively comparedrtisl with values
of 46.35 and 14.53. The neutral detergent fibre KIN&nd acid detergent fibre (ADF) valuesRdfl were
75.28 and 43.45 respectively while thos&€&fwere 68.50 and 37.23 respectively. The crude fraiaes
of PM andCP were 58.00 and 47.77 respectively. The organicanatilue ofPM and CP were 28.65
and 27.03 respectively.

Table 2 shows the digestibility of the various fdéexttions at different oral dose levels®ifcerevisiea
The DM digestibility of PM at 0.4, 0.6, and 0.8SfYkgbw were 39.66+1.39%, 49.23+1.13% and
51.17+0.83% respectively compared to the contrblevaf 36.15+0.69%. Similarly, the DM digestibility
of CP at 0.4, 0.6 and 0.8S§7kgbw were 68.42+0.67%, 72.59+0.69% and 76.29+0.98%pectively
compared to the control value of 65.92+1.09%. Thees significant § < 0.05) difference in DM
digestibility between the treatment groups and dbetrol for both thePM and CP with their highest
values observed at 0.&@kgbw. The digestibility pattern of all the foragactions increased in a dose
dependent manner above that of the control groepe@lly, there was significant differences<(0.05)
between the treatment groups and the control grobpth EPs.

Table 3 shows the effects of feeding various lew#ISC on the feed intake (FI), water intake (WI),
weight gain (WG), feed conversion ratio (FCR) aedd efficiency (FE) of WAD sheep. At 0.4, 0.6 and
0.8 ¢5Tkgbw, 31.28+0.76, 35.57+0.48 and 37.03+47kg/anireapectively were the mean feed intake
compared to the control value of 31.12+0.31kg/ahiimaPM. The Fl was significantlyp(< 0.05) higher

in the treatment groups compared to the controugrdn EP II, at 0.4, 0.6 and 0.8@kgbw;
22.48+1.14, 25.32+0.81, and 27.80+£2.89 kg/animapeetively were the mean values for feed intake.
There was significantlyp(< 0.05) higher FI by the treatment groups compacethat of the control
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group. In both diet groups, the effects were daggeddent with greater effects seen in groups feleini
doses of SC.

Table 1: Chemical Composition of the Experimental &ts

Chemical Constituent (%) P. maximum C. pubescens
Dry matter (DM) 46.35 47.12
Organic Matter 28.65 27.03
Crude protein 14.53 18.95
Crude Fibre 58.00 47.77
Fats 2.38 1.6
Ash 6.63 6.37
Calcium 4.0 412
Potassium 0.51 0.89
Phosphorus 477 7.22
Sodium 0.53 0.58
NDF 75.28 68.50
ADF 43.45 37.23
Hemicellulose 50.20 39.04
Cellulose 42.34 37.11

Table 2: The Mean (+SEM) of the effects oBaccharomyces cerevisiae on Total Tract Digestibility of
Dry matter (DM), Organic Matter (OM), Crude Protein (CP) and Crude Fibre (CF) of WAD sheep
fed Panicum maximum and Centrosema pubescens

Parameters Diet Treatments
A B C D
DM (%) PM 39.66+1.39 49.23+1.13 51.17+0.83 36.15+0.69
CP 68.42+0.67 72.59+0.69 76.29+0.99 65.92+1.09
OM (%) PM  55.08+1.02 58.30+0.82 65.76+0.69 53.66+0.93
CP 70.20+0.47 73.32+0.78 76.71+1.07 64.53+0.4%
CP (%) PM 64.55+1.08 71.66+0.98 72.03+2.25 61.89+0.87
CP 73.26+0.44 77.80+0.94 81.43+0.77 67.23+1.03
CF (%) PM  49.67+0.40 53.37+1.14 58.24+0.68 47.30+0.68
CP 51.63+0.81 57.07+0.86 64.09+1.89 49.50+0.9%

A = 0.4 $SQkgbw; B = 0.6 §Tkgbw; C = 0.8 §0kgbw and D = Contro**Means within rows with
different superscripts are statistically differanp < 0.05.

At 0.4, 0.6, 0.8 §Qkgbw and the control; 0.49+0.01, 0.68+0.02, 0.781@ and 0.38+0.01kg/animal
respectively were the mean weekly weight gainedPfigr. For CP, at 0.4, 0.6, 0.8 $Ckgbw and the
control; 0.50+0.014, 0.75+0.024, 0.89+0.02 and £03012kg/animal respectively were the mean weekly
weight gained. There was significapt€ 0.05) difference in weight gain between thettresnt groups
and the control for both forages. There was sigaift ¢ < 0.05) variation in water intake between the
treatment groups and the control in both EPs. Amtbegexperimental groups, water intake appeared to
be related to the concentration of yeast added th#h0.8 $Tkgbw group having the highest water
intake.
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In EP 1, the feed conversion ratio (FCR) value®.dt 0.6, 0.8 §0Qkgbw and the control group were
64.19+1.85, 52.42+1.01, 49.85+1.29 and 81.97+1ekpectively. The FCR was significantly (p<0.05)
lower in treatment groups compared to that of tbatol. In EP I, the FCR were 45.47+1.82,
33.87+£1.81, 31.26+3.55 and 59.50+2.90 at 0.4, @BSTkgbw and the control group respectively. The
FCR was significantly (p<0.05) lower in the treatrhgroup than the control.

In EP |, the feed efficiency (FE) values at 0.4, @.8 gCTkgbw and the control group were 1.56+0.5,
1.98+0.2, 2.0+0.00 and 1.04+0.4 respectively. TRewRas significantly (p<0.05) higher in the treatmen
groups than the control. In EP IlI, the FE value$.4t{ 0.6, 0.8 §0kgbw and the control group were
2.1+1.0, 3.20+2.0, 3.2+0.4 and 2.0£0.00 respedtivEhere FE was significantly (p<0.05) lower in the
treatment groups than the control group.

DISCUSSION

This study has provided information on the effeEtSaccharomyces cerevisigbioactive yeast) on
productive performance and some forage fractiogsadiability in West African dwarf (WAD) sheep fed
Panicum maximunand Centrosema pubescenBhe study showed that varied doses of bioactiastye
affected positively some forage fraction, totattrdigestibility and production parameters of WAEsp
in a dose dependent manner.

Table 3: Effects Saccharomyces cerevisiae on Feed Intake (Fl), Water intake (WI), Weight gan
(WG), Feed Conversion Ratio (FCR) and Feed Efficiary (FE) of WAD sheep fedP. maximum and
C. Pubescens.

Parameter Diet Treatment
A B C D
Feed intake PM 31.28+0.78 35.57+0.48 37.03+47 31.12+0.31
(kg/Animal) CP  22.48+1.14 25.32+0.81° 27.80+2.88 22.02+0.58
Weight gain PM  0.49+0.01% 0.68+0.02" 0.7440+0.014 0.38+0.0f"
(kg/Animal)  CP  0.50+0.014" 0.75+0.024 0.89+0.05" 0.37+0.012
Water Intake PM  47.72+1.18 54.30+0.72 56.87+0.77 47.47+0.47
(I/Animal) CP 34.48+1.8%3 39.05+1.27 43.00+4.5% 33.875+0.9
FCR PM 64.19+1.88 52.42+1.0% 49.85+1.29 81.97+1.18
CP 45.47+1.82 33.87+1.8% 31.26+3.58 59.50+2.96
FE PM 0.0156+0.00%5 0.0198+0.002 0.0200+0.00  0.0104+0.0%
CP 0.021+0.0% 0.032+0.02 0.032+0.04 0.020+0.00

A = 0.4 5Qkgbw; B = 0.6 §CQkgbw; C = 0.8 §Qkgbw and D = Contro?**Means within rows with
different superscripts are statistically differemfp < 0.05; *Means within same column for a particular
parameter with this superscript are not signifisadifferent atp < 0.05.

In this study, the result of the proximate analy3iable 1) of the forages indicated tl@at pubescensa
legume had a higher crude protein value of 18.96%pare to that oP. maximunwith a crude protein
value of 14.53%. This finding is in conformity withe earlier report of Morrison [17] who reportéxit

the average crude protein content of legumes aguhie containing pastures were higher than those of
grasses alone and pastures without legumes. largcplarly important to note that these values fel
within the recommended 15.22% protein level in manit diets [6].

The digestibility of the forage fractions was sigrEntly enhanced by the different levels 8

(especially at the 0.83f0kgbw concentration) in the treatment groups comgdao the control in this
study (Table 3). This can be buttressed by ther@amsehat probiotics improve nutrient digestilyliL 8],
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degradation of fibre [19] and ruminal digestion][2@ore likely by increasing pH in the rumen [21,22]
enhancing growth and/or cellulolytic activity ofmen bacteria [23] and preventing ruminal acidogis b
balancing the volatile fatty acids (VFASs) ratios time rumen [24]. Haddad and Goussous [18] also
reported that the supplementation of yeast culf¥@ Diamond V® YC) in the diets oAwassilambs
resulted in higher dry matter (DM), organic mati®M) and apparent crude protein (CP) digestibility.
Similarly, neutral detergent fibre (NDF) digestityilwas also higher in the yeast culture suppleent
group. Krehbielet al. [25] reported that feed additives and direct-fadrabes improved digestibility of
the diet. This might be attributed to rumen micablstimulatory effect, oxygen sequestration and pH
modulatory effect of yeast. Newbold [26] reportedttup to 16 L of @can enter the rumen daily through
water intake, rumination, and salivation and inhibie growth of obligate cellulolytic anaerobeselik
Fibrobacter succinogensYeasts can make the rumen environment more coreldor anaerobic,
autochthonous microbes by scavenging [E¥]. Many studies have shown that addition of yeas
decreased the redox potential of the rumen uimdétro andin vivo conditions [27,28].

Furthermore, the findings of this study can be suiggl by the report of Akat al. [13] that organic
matter degradability depended on both dose of ya@sinistered as well as the length of incubation (
hours) for both foraged?( maximum and C. pubescgnshey observed that as the dose and length of
incubation increased, the degree of forage degiitglablso increased. However, this study did not
consider the length of yeast incubation in hoursforage degradability was found to be dose depande
over a period of 4 weeks of vivo yeast administration.

The significant increase in feed intake in thettremt groups of both the. maximunmandC. pubescens
compared to the control (Table 3) can be attribtettie improved cellulolytic bacterial activitiaad the
positive effect of probiotic on ruminal pH. Proha® supplementation has been found to increase feed
intake [30,31,32]. Similarly, Chademana and Of83] reported a promoting role of probiotics on dry
matter intake (DMI) and fibre degradability. Thisgmt be because of increased population and activit
of cellulolytic bacteria in the rumen of sheep fedbiotics supplemented diets [34].

The increased weight gain (WG) in this study wasentb to be dose dependent. The significant
improvement in WG in th&Ctreated group compared to the control might be tduenproved rumen
microbial ecology, enhanced nutrient synthesiskaadvailability. Some authors had earlier repottest
probiotics improve microbial ecology, nutrient dyasis and their bioavailability resulting in better
weight gain in farm animals [35,36,37]. Haddad a@Geussous [18] also observed that the
supplementation of yeast culture (YC; Diamond V®)Y&the diets ofAwassilambs resulted in higher
weight gain. Similarly, Jangt al [38] found that the probiotics supplementationdied to increase
weight gain in lambs. Higher weight gain in lamlesl fdiets containing probiotics could also be due to
augmented microbial protein synthesis leading t@em@mino acids supply at post-ruminal level [39].
Better weight gain may also be related to highersamption and better efficiency of feed utilization
the probiotics treated groups [31].

Feed efficiency was higher in the treatment graxgapared to the control. This again might be linted
better utilization of forages by ruminants whictultbhave been stimulated ISC. Robinson [40] and
Abdelrahman and Hunaiti [41] reported that feeditadss like probiotics improve FCR and FE. FCR is
inversely related to FE therefore, as the FE wasueced by th&C,the FCR was reduced which is good
for enhanced productivity of animals. This implibst less quantity of feed will be consumed and the
weight gain will still be maintained; unlike wheigh quantity of feed will be consumed and the weigh
gain will not be proportionalSCtherefore enhanced the conversion of nutrienthéndiets into usable
form by the animals and thus avoided wastages.
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Water intake (WI) was higher in the treatment grol@n the control probably due to the higher DMI
observed in the treated group. Forbes [15] repoatedncreased water intake as the dry matter intake
increased.

Weight gain, water intake, FCR and FE ©f pubescensreated group were higher than thosePof
maximumtreated groups in this study probably due to tlgihdr crude protein content 6f. pubescens
(18.95%), absence of lignin, high soluble carbohtalr high degradability, and reduced loss of energy
due to low methane production. The high crude jmotentent ofC. pubescensnakes more dietary
protein available for the synthesis of rumen mia@bbrganisms thereby increasing their availabifdy
more efficient post ruminal digestion/absorptionl éime consequent utilization by the body. Furtheemo
lignin inhibits cellulolytic activity therefore tlireabsence in legumes pave way for better degritjadbi
legume.

The higher feed intake d®. maximumexperimental protocol may be linked to the presewicanti-
nutritional factors, poor palatability and unpleatsadour of legumes [42,43,44].

The higher degradability of the legume than grassabserved in this study may be attributed taced
loss of energy due to methane emissions which reddaore energy available for the rumen microbial
fermentative activity. More methane is produced mvfeding is restricted to grass compared to legume
[45]. It has also been shown that as the digesilof a feed increases, the amount of energy albkglto
the animal also increases and therefore the metbanitted per kilogram of production for example
growth decreases [46]. Rowlinsagt al [45] also reported that diets with a high projmort of
concentrates (e.g. legumes) that promote a higbigumate type of ruminal fermentation are conduto/e
reducing ruminal methane production. Thereforerdased digestibility of diets often means less
methane emissions per unit of production and lessgy loss due to methane production. Similarlg, th
absence or very low concentration of lignin in leguas opposed to its higher concentratiorPin
maximumenhances its degradability, as lignin is hard ieakdown by cellulolytic bacteria. Therefore,
the observed differences in the effecB@on PM andCP may not only be attributed ®Calone as plant
factors probably played some roles. For instance,age ofPM influences its degradability as older
forages have more lignin, which interferes with eimioacterial attachment to substrate and its suleséq
degradation [47].

In conclusion, the study has shown that the additibSaccharomyces cerevisiae the diet of WAD
sheep has a positive effect on their productiomupeaters and the digestibility of the forage fratsiocAs

a result, the inclusion d8C up to a maximum of 0.83{0kgbw in WAD sheep diet may serve as an
additive capable of improving WAD sheep productiblowever, further studies need to be carried out
using higher doses &Cin WAD sheep.

REFERENCES

1. Okeke, A. I. (1996).The distribution of browse plants in South-east®igeria, and the
management of selected species in agroforestryystaras Ph.D. Thesis, University of Nigeria,
Nsukka, Nigeria 367 pp.

2. Oloyo, R. A. and Llelaboye, N. O. A. (2002). Niiwe quality evaluation of seeds of some lesser-
known cropsJournal of Animal Production Research8 (1&2): 11 — 18.

3. Otchere, E. O., Ahmed, H. U. Adenowo, T. K. KKhll M. S. Bawa, E. K.,Olorunju, S. A.
S. andVoh, A. A. (Jr). (1987). Sheep and goat pcodao in the Fulani agropastorial sector of
northern NigeriaWorld Animal Review64: 50 - 55.

4.  Tchinda, B., Wegard, D. and Njwe, R. M. (199)men degradation of elephant grass
supplemented with graded levels of perennial pedéyuiVest African dwarf sheep. Ir8mall
Ruminant Research and Development in Africabbie, S. H. B., Rey, B. and Irungu, E. K.

26



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

(Editors). Proceedings of the second biennial agenfee of the African small ruminants research

network.

Minson, D. J. (1990Forage in ruminant nutritionAcademic Press, New York.

Agricultural Research Council (ARC) (1980). Timatrient requirements of Ruminant Livestock.
Farnham Royal, Commonwealth Agricultural Bureafischives of Animal Nutritiord7 (3): 295
—300.

Egbo, I. C. (2008)The in vitro method of studying the effect of eaftichloride on forage

degradability of P. maximum and C. pubesceBd/M Project, Department of Veterinary

Physiology and Pharmacology, University of NigeNaukka.

Lufadeju E. A. and Olorunju, S. A. S. (1986)eTiuminal degradation of some agro- industrial by-

productsNigerian Journal of Animal Productioi® (2): 161 - 170.

Smith, O. B. (1988). Studies on the Feeding ¥abli Agro-Industrial By products. Effects of

forage supplementation on the utilization of copod based diets by ruminandeurnal of Animal

Research8 (1): 1 - 14.

Dawson, K. A. and Newman, K. E. (1987). Effaftyeast cultures supplement on the growth and

activities of rumen bacteria in continuous cultudesirnal of Animal Scien¢®&5l): 452.

Fickers, P., Benetti, P. H., Wache, Y., MaRy, Mauersberger, S., Smit, M. S. and Nicaud, J. M.

(2005). Hydrophobic substrate utilization by yeastl its potential application¥east Researcth

(6-7): 527 - 543.

Muhammad, N., Maigandi, S., Hassan, W. A. aaddj, A. |. (2008). Growth Performance and

Economics of Sheep Production with varying LevelsRice Milling waste.Sokoto Journal of

Veterinary Scienced (1): 59 - 64.

Aka, L.O., Ugochukwu, N. C., Ahmed, A. and Bjl&l. N. (2011). The effect of ruminal incubation

of bioactive yeast Jaccharomyces cerevisia@ on potential rumen degradability of Panicum

maximum and Centrosema pubescens in West AfrisaarfdsheepSokoto Journal of Veterinary

Sciences9 (1): 28 - 35.

Vhile, S. G., Skrede, A., Ahlstrom, O. and HokKe (2005). Comparative total tract digestibilaf

major nutrients and amino acids in do@ais familiarie$, blue foxes Alopex lagopusand Mink

(Mustela visiol Official Journal of British Society of Animal Scten81 (1): 141 - 148.

Forbes, J. M. (1985)he Voluntary Food Intake of Farm AnimBlutterworths Press, London.

Steel, R. G. D. and Torrie, J. H. (198B}inciples and procedures of statistics: A biometri

approach 2" Edition, McGraw-Hill Book Co. Inc., New York.

Morrison, M., Murray, R. M. and Boniface, A. N1990). Nutrient metabolism and rumen

microorganisms in sheep fed a poor quality tropizaks hay supplemented with sulfateurnal of

Agricultural Sciencell5: 269.

Haddad, S. G. and Goussous, S. N.,(2005). tEffegeast culture supplementation on nutrient

intake, digestibility and growth performance of Assa lambs. Animal Feed Science and

Technology118: 343 - 348.

El-Waziry, A. M. and Ibrahim, H. R. (2007). Eft of Saccharomyces cerevisiaé yeast on fiber

digestion in sheep fed berseeffrifolium alexandrinum hay and cellulase activityAustralian

Journal of Basic and Applied Sciencés379 - 385.

Kamel, H. E. M., Sekine, J., El-Waziry, A. Mnda Yacout, M. H. M. (2004). Effect of

Saccharomyces cerevisiaa the synchronization of organic matter and giro degradation and

microbial nitrogen synthesis in sheep fed Barseas (firifolium alexandriumh. Small Ruminant

Research52: 211 - 216.

Mohamed, M. I., Maareck, Y. A., Abdel-Magid, S. and Awadalla, I. M. (2009). Feed intake,

digestibility, rumen fermentation and growth penfiance of camel fed diets supplemented with a

yeast culture or zinc bacitraciAnimal Feed Science and Technolot9: 341 - 345.

Paryad, A. and Rashidi, M. (2009). Effect ofaste Saccharomyces cerevisjaen apparent

digestibility and nitrogen retention of Toma@@mace in sheepakistani Journal of Nutrition8:

273 - 278.

27



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Dawson, K. A. and Tricarico, J. (2002)he evolution of yeast cultures-20 years of redearc
Proceedings of the T6Annual Alltech's European Middle Eastern and AdricLecture Tour,
October 20, 2011, Alltech UK, pp: 26-43.

Arcos-Garcia, J. L., Castrejon, F. A., Mendd&2aD. and Perez-gavilan, E. P. (2000). Effectaf t
commercial yeast culture with Saccharomyces cdevisn ruminal fermentation and digestion in
sheep fed sugar cane tops/estock Production Sciencé3: 153 - 157.

Krehbiel, C. R., Rust, S. R., Zhang, G. andil&ild, S. E. (2003). Bacterial direct-fed micrdbi@
ruminant diets: Performance response and modetiohadournal of Animal Scien¢c@&1: 120 - 32.
Newbold, C. J., Wallace, R. J., Chen, X. B. &mcintosh, F. M. (1995). Different strains of
Saccharomyces cerevisidéfer in their effects on ruminal bacterial numbm vitro and in sheep.
Journal of Animal Scien¢&3: 1811 - 1818.

Chaucheyras-Durand, F., Walker, N. D. and B&ch2008). Effects of active dry yeasts on the
rumen microbial ecosystem: Past, present and fufunienal Feed Science and Technolot®5: 5

- 26.

Jouany, J. P., Mathieu, F., Senaud, J., BahdtieBertin, G., and Mercier, M. (1998). The effef

S. cerevisiaaand Aspergillus oryzaen the digestion of the cell wall fraction of axed diet in
defaunated and refaunated sheep ruReproduction, Nutrition andDevelopmge88: 401 - 416.
Chaucheyras-Durand, F. and Fonty, G. (2002as¥ein ruminant nutrition: Experiences with a
live yeast producKraftfutter, 85: 146 - 150.

Chiofalo, V., Liotta, L, and Chiofalo, B. (2004ffects of the administration of lactobacilli on
body growth and on the metabolic profile in growiMgltese goat kidsReproduction, Nutrition
and Development44: 449-457.

Antunovic, Z., Speranda, M., Amidzic, D., SeNt, Steiner, Z., Doma-Cinovic, N. and Boli, F.
(2006). Probiotic application in lamb nutritiddemiva, 4: 175 - 180.

Desnoyers, M., Giger-Reverdin, S., Bertin, @uyaux-Ponter, C. and Sauvant, D. (2009). Meta-
analysis of the influence @accharomyces cerevisigapplementation on ruminal parameters and
milk production of ruminantslournal of Dairy Scienged2: 1620 - 1632.

Chademana, I. and Offer, N. W. (1990). Thectfté dietary inclusion of yeast culture on digesti

in the sheepAnimal Production50: 483.

Wallace, R. J., Newbold, C. J., Chen, X. B. andntosh, F. M. (1995). Different strains of
Saccharomyces cerevisidéfer in their effects on ruminal bacterial numb vitro and in sheep.
Journal of Animal Scien¢&3: 1811 - 1818.

Saudine, W. E. (1979). Role of lactobacillushe intestinal tractlournal of Food Productiom2:
259 - 262.

Musa, H. H., We, S. L., Zhu, C. H., Seri, Hahd Zhu, G. Q. (2009). The potential benefits of
probiotics in animal production and healflmurnal of Animal and Veterinary Advancés 313 -
321.

Oyetayo, V. O., Oyetayo, F. L. (2005). Potdrifgrobiotics as biotherapeutic agents targetieg
innate immune systermfrican Journal of Biotechnology: 123 - 127.

Jang, D., Oh, Y., KyongPiao, H., GuoChoi, LonBYun, H., HyeonKim, J. and Yong, Y. (2009).
Evaluation of Probiotics as an Alternative to Amdiit on Growth Performance, Nutrient
Digestibility, Occurrence of Diarrhea and Immunesfanse in Weaning Pigdournal of Animal
Science and Technologyl: 751 - 759.

Erasmus, L. J., Botha, P. M. and Kistner, 29). Effect of yeast culture supplement, rumen
fermentation and duodenal digesta flow in dairy sal@urnal of Dairy Sciengers: 3056.

Robinson, P. H. (2002). Yeast products for gngwand lactating dairy cattle: Impact on rumen
fermentation and performand@airy Review9: 1 - 4.

Abdelrahman, M. M. and Hunaiti, D. A. (2008)heT effect of dietary yeast and protected
methionine on performance and trace minerals statgsowing Awassi lambd.ivestock Scienge
115: 235 - 241.

28



42.

43.

44,

45,

46.

47.

Beauchemin, K. A., Kreuzer, M., O'Mara, F. anclllister, T. A. (2008). Nutritional management
for enteric methane abatement: A revidwstralian Journal of Experimental Agricultyré8: 21 -

27.

Brown, L. R., Flavin, C. and French, H. (200Building a Low-carbon Economy — The UK’s
Contribution to Tackling Climate Chang€ommittee on Climate Change 2008. WW Norton and
Company, New York, USA. Pp. 23 - 41. Retrieved udan 30, 2008, from
http://www.theccc.org.uk/reports/.

Jamie, F., Adegbola, A., Jefery, C., Bob, Ml amn, B. (2009). Warm-Season Legume Haylage or
soya bean meal supplementation effects on the mpeasfoce of lambsFlorida Beef Report
Htt://www.fao.org/ag/agp/ AGPC/doc/gbase/data, pp X 256.

Rowlinson, P., Steele, M. and Nefzaoui, A. @0Qivestock and global climate change
Proceedings of the International Conference at Hamet, May 17 - 20, 2008. Cambridge
University Press, pp: 216 - 216.

Allard, H., (2009)Methane Emissions from Swedish Sheep Produc8earedish University of
Agricultural Sciences, SLU, Uppsala, Sweden.

Kenneth, J. M. and Hans-Joachim, G. J. (20Dignin and fiber digestionJournal of Range
Management54: 420 — 430.

29



