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CIIAPTER - I 

INTRODUCTION 



1. INTRODUCTION 

productivity potential of livest.ock cannot lJe 

fully exploited without sufficient quantity of good quality 

feed. The feed resources available in the trop'leal parts 

of the world are comparatively lower in nutrit.ive value 

than temperate regions. On diet.s having low digestible 

feeds, first limitation is lower £eed intake associated with 

lower rate at which fibrous material digested and removed 

from the rumen (Weston, 1983). The situation is particularly 

acut.e in soti/h Asia where ch:r:onic annual feed deficits and 
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a::mual increase of the animal popul;;.tion are common~ thus 

making the problem a continuing saga (Devendrd, 1988). 

A chievemen t of maximal feed utilization by the 

provision of optimal rumen cond ttions is a highly cost 

effective method. Traditionally, it has involved. manipula-

tiny such pa.rameters as ammonia concentration, pli or the 

level and tgpe of supplementary fat to stimulate and 

increase the population of desirable o~ganisms . Only 

recently, the addition of live organisms to the rumen has 

been shown to be a highly promising approach. The microbial 

supplements have shown to improve feed conversion efficiency 

and healt.h sta tus of ruminants r and- known as probiotics. 

The term "probiot.ic" was coined by Parker in 1974 and was 

derived from the Greek words meaning "for life" which 

contrast with more familiar word antibiotic meaning "against 

life" . The term probiotic is used to describe a product. 

aomposed of live miarobial cells which are fed directly to 

the animals. 

Until recently it was not generally accepted that 

microorganisms previousll/ considered to be totally aerobic 

could grow and multiply in the anaerobic environment present 

in the rumen and gu t. This situation has now drfimati,callr; 

changed following the discovery and identification of micro-

organisms able to colonise in the ,;Jnaerobic envixonment: of 

the rumen and intestine. Strains of §..cerevisiae, L.acido-

~.!!!~ph~ are facultatiVe anaerobes and 

used as dietary adjunct in the diets of ruminants to improve 

nutrient utilization (Sharma and Malik, 1992). The use of 
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culture s:Jpplement.s has been associated with improvc~i feed 

intake (Nut et ::!.!., 1953i Phillips and Vorl Tungeln, ;935; 

N,dcol;71· aoo Kiesling; 1986;F~11cm and Harte, 1987; Gun:::her, 

1989; Williams .and Nel.Jbold, 1990b)', improved milk pro:l·~;c~ion 

in a"liL'Y c,'lttle and goats (Hoyos et ~:!..., 1987; Teh eo: :'!..~., 

1987; Williams and Newbold, 1990a), alterations ill i.tilk 

composition (Hoyos et ~. I 1987; Huber er.: a 1. i?89; 

Guntllcr. 19R9; Williams and Newbold, 1990b),improved weight 

gains dnd feed efficiencies in meat producing animal" (t?uf 

ct al. - -- 19:'3; Greive, 1979; Phillips and Von TUngeln, 1985; 

Fallon dnd Harte, 1987; Hughes, 1988). Many of the culture 

supplements affect directly on microbial activit.ies in the 

rumen. 1'h.e effects are visible from decreased cuminal' 

,1mmonia concentrations (Dawson and Newman, 1987; Harrison 

at ~'! }988), altered VF)I prDduction (Teh et !!..l.... I 1987; 

Grey and Ryan, 1988; Harrison et g., 1988; Martin 1!.~., 

1989), moderated .z:uminal pH (Malcolm and Kiesling I 1986 ; 

Teh et !!!:..., 1987; Williams, 1989a), decreased lactic acid 

concentration (Williams, 1989a), decreased soluble· sugar 

'concentra tion (Williams, 198ge, 1990a), reduced methane 

production (Williams, 1989c, 199011.) I' altered digr.?sr:ive 

patterns (RuE et ~., 1953; Gomez-Alarcon e.t ~. I 1987; 

Wiedmeier et ~L., 1987; Williams .. 1989a; Chandemana a.'1d 

Offer, 1990), stabilised rumen fermentation (Harrison e;:; 

~. I 1988), increa.sed concentration of an,1(=robic ba.cteri.a 

~., 7~)qO), and incr0dsed concentration nf cellul,~lytic 

bacteri4 {Weidmeier et ~~., 1987; HrJrrisoli ~~ ~~., 1983; 
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1990}. Above results clearly indicate that 

of 1 i ve culture improved the feed 

technique could be employed "to improve 

the large quantities of Ii gno-cellu 105i c 

quality forages avail~ble throughout 

Tbe increase in use of microbjal cultures has been 

fueled# in part, by consumer demand tor animal products that 

are produced with a minimum amount of ant;ibiot:.ics and other 

growth enhancing drugs. In the most. European. countries t.he 

use of antibiotic 2sDb~tances, anabolic agents, natural and 

recombinant growth hormones are banned as growth promoters. 

Furthermore, if India ban on the use of these products, then 

this new possibility will be available Eor the use of 

biological aids to improve animal production and increase 

profit margins. Int.ernationally, a number oE feed manufac-

turers have started to use an increasing amount of microbial 

cultures (Dennis, 1992). 

During the past number of years, live cultures 

have been used ."dth very encouraging results, however, a 

lot of qqestions are still t:o be answered. For inst.ance, 

to what extent is there a stimulatory eEfect of 1i ve 

cultUres on cellulolytic activity in t.he rumen on high 

rougbage diets compared to high concentrate diets? What 

is the effect of live culture on ruminal dilu.tion rate and 

on the rumina1 balance of nutrients? Is there a noticeable 

inc rease in the amount Of microbial mass, especially, of 

C:.:m opti:n~'lJ. Affect be achieved through 
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combined supplementation with lactic acid bacteria? Are 

the indigenous strains exhibit equally on in !:itro, in vivo 

and on growth performance? Fur-thermore it is widely 

accepted that not all strains of yeast. and lactic acid 

bacteria have the same metabolic activities and growth 

characteristics. Si.milarly, a number or studies have 

suggested that the ability of different strains to stimulate 

the growth and activity oE specific strains of rumina1 

bacteria is not the same (Dawson, 1989). These differen-

ces in strains provide an opportunity to further improve 

animal production by allowing ror the selection of new 

strains for use in feed supplements. Therefore, there is 

an immediate necessity to further improve the probiot!c 

supplement by selecting highly suitable strains to enhance 

the feed conversion efficiency and ultimately production. 

In the present investigation~ efforts have been made to 

select the highly potential microbial strains to meet "the 

following objectives: 

Ii) 

(ii) 

(i1 i) 

Comparative performance or !:..acidophilus, .~. therl!!£.:. 

philus and S.cerevisiae on rumen fermentation in 

vitro and l£ sacco etber degradability. 

Their influences on rumen fermentation pattern~ 

Their inrluences on growth of young calves -and 

efficienc~ of feed utilisation. 

-0-0-0-
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REVIEW OF LITERATURE 



2. RBVIEW OF LITERATURE 

MetcnnikofE (1908) formulated a theory correla­

ting the beneficial effects of yoghurt and the longevity 

of Bulgarians. He speculated that the intestinal environ-

ment could be improved, through the ingestion of benefi.cial 

microorganisms (lactobacilli J. This balancing would then 

improve health and increase life expectancy of man 

and animals. "Thus, tbe concept of live microbial cells inocu-

lat:ion Ear prophylaxis aalled probiotia was born. Previotl-

sly it was restricted to only lactic acid producing bacteria 
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and mono-gastric animals. However, in recent years rumen 

fermentat.ion was also optimised using live microbial cells 

to improve ruminant productivity. The two fungal Cultures 

have received considerable attention (~.~evis~# !least 

culture dnd Aspergil~ oryz~, a fungal additive) have been 

shown to increase production of ruminants when added in 

small quantities to tbe diet:. The work done on supplementa.-

tian of lactic acid producing bacteria alongwith 

~.~~isiae have been reviewed in the ensuing pages. 

2.1 INFLUBNCB OF SUPPLEMBNTING LACTIC ACID BACTERIA ON THE 
iICROBIA~ECOLOGY OF THB GUT AND TH~HODB OF ACTION 

2.2.1 Ability of lactic acid bacteria to· survive 
and colonise in the gut 

Not all microorganisms taken in the diet survive 

in the digestive tract through stomach, duodenum and small 

intestine due to acidic environment OJ; the presence of bile 

s~lts (Renner, 1991)~ Gilliland ~ a1. (1984) reported that 

~.aci££phi~ possessed several characteristics that enable 

it to survive and grow in the presence of bile salts. 

Cultures of ]actobacil1i identified as f.. acidophil us from 

the intestine contents of young calves varied in their 

ability to grow in broth containing 0.3% oxgall compared 

with control broth. In a feeding trial involving new born 

calVes, supplementation of bile-resistant strain of L.acido-

.ehil~ increased population or :facult~tive lactobacilli 

in <be upper small intestines compared to strain 
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exhibi ting lower resistance to bile siilts (Renner, 1991). 

It has been demonstr.ated i.n di££erent t;pecies of animals 

that lactic acid bacteria survive gastro-enteric p~5sag~ 

dnd are found in the fa.eces (Garvie ~ ~~, 1984; ashe and 

Nagy, 1985;; Jonsson, 1986; Ratcliff at ~. (" 1986; Conway 

et ~., 1987; Binchl-salvadori,. 1986 f 1988). 

2.1~Z Transloca~ion of miaroQrqanis.s fro~ the que 

The 'Bacterial translocation' :is the pa.ssage of 

viable bacteria through the gastro-enteric barrler into the 

mesentric lymph nodes and other organs. translocation occur 

in casl!!s of physical damage the mucosa, immune 

deficiency, prolonged antibiotic treatment or bacterial 

hyperplasia. 

Camaschella et al. (1988) hild shown tbat E~ coli - ---
was round ill lymph nodes of all animals (100 percent t..rans-

location) which had been treatea with this micro-Qrganism. 

In the animals pre ... treated with ·lactic acid bacteria 

{~.blllgaIicus and ~,thsrmophilus}, ~,££!£ were absent in 

the lymph nodes and stimulate the immunity (BourliQux~ 

1986), However, 2.. thermophil us has never been fOUhd ~n tbe 

mesentric lymph nodes nor in other organs of the< animals 

treated with this microorganisms (Camasohella et !!., 1988). 

In mice feeding oC !:!.bulgaricus and :[.the;J:'mophilus 

gave a reduction 1n 'the translocation of £.£E..!i into the 

mesentric 19mph nodes Qf 70 and SO peroent respectively 

(Bincni.-Salvadori tl~., 1988). 



- Competition for 

nutrients 

- Production of anti­

bacterial substances 

WilsOn and perini (1988), 

Freter ~ a1. (1983a.,bJ; 

Fredrickson (1977 J 

Marshell (1987), Axelsson 

~ ~!. (1987), Attaie et 

~. (1987); Bloksma et ~. 

( 1979) 

10 

2~ 1~4 Antitumer activities of lactic acid bacteria 

shown 

Epidemiological evidence and dietary studies have 

chat ~supplemenca.t.ion of' lactic. acid bact:.eria may 

reduce the riSk of calon Cancer in both animals and human 

(Friend and Shahani, 1984). When mice were intraperitonea­

lly inoculated Idth Ehrlich ascites tumer cells, feedings 

of la.ctic acid bacttE!ria. inhibi ted growt:h of tumer 

(ShacXelfoJ:d st ~., 1983 ; Takano et ~., 1985) found 

similar results with ~.bulgaricus and ~.thermophllus. 

The anti-tumer properties of lactic acid, bacteria 

mag be due to: 

Inactivation or inhibition 

of carcinogenic compounds in 

the gastrointestinal tract 

Stimulation and enhancement 

of the immune system of the 

host 

Reduction of activity of the 

Keating (7985) 

Friend and Sbahani 

( 1984) 

Shackelford et ~.(1983); 

faec,;d bacterial enzymes( like Cole et d1. (1984); 
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P-glucoroniaase~azoreduC'tase, Goldin and GorbB.cll 

nitro-reductase) which (1984a); Cole and 

activates carcinogens Fuller (1987) 

Degradation of carcinogenic Shah ani (1983) 

compounds 

24 '~S Interac~ions with immuno-competence 

In the past few- years interaction between dietary 

lactobacilli and immuno-competence have heen studied exten­

sively (Murofushi ~ ~!_, 1983; Bourlioux, 1986; de-Simone 

et ~!:..., 19a6b, 1988). These investigations have revealed that 

lactobaci IIi not only constitute an integral part of the 

healthy gastro-intestinal micro-ecology but also involved 

in the hosts protective mechanisms by increasing its 

specific and non-specific immune mechanisms (de Simons, 

1986, de Simone et ~., 1986a; de Simone~ 1987). Live 1ndi-

genous bacteria or their antigens can in fact penetrate the 

epithelial barrier of the intestine directly stimulatin9 

the immuno-compet.ent cells (Yasui ~ ~., 1989). Perdigon 

et "al.. (1986a , b;,1987; 1988) fou.nd enhancement of the immune 

response in mice fed with lactic acid bacteria. 

2~2 BF~ECr O~ LACTIC ACID BAC~ERIA ON METABOLISM 

2.2.1 Mineral absorp~lon 

Supplementation of lactic acid bacteria increased 

the bioavailability of calcium, phosphorus, magnesiu.m and 

z.inc Erom all diets (Schaafsma et !!..!., 1988). Experiments 

on rats resulted into 7 and 11 percent ,ni9her availabilit9 
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of calcium and phosphorus respectively when yoghurt was one 

of the diet. (Balasubramanya st al. 1984)~ During ageing 

of rats, a decrease of bone weight, ash and calcium con~ent 

was noticed in the animals fed a control diet but. not in 

animals supplemented with lactic acid bacteria (Dupuis et 

al. I 1985). Consumpt.ion of lactic acid bacteria re.5ulted 

into increased bone calcium and improved bone formation 

(Kaup, 1988). 

2_2~2 Ch£!estrol metaboIism 

Nllmber of studies suggested that lactic acid 

bacteria prOduced hypo-Cholestrom~c effects in pigs 

(Gilliland st ~~., 1985), rabbit (KilJosawa. et ~l ... 1984), 

rats (Dickinson et !!l., 1971; Rao et ~:!.." 1981; Pulusani 

and Rao, 1983; Ishida and Kubo, 1985; Grunewal~, 1985; 

Uchida et ~!.. r 1986; KC!up ~ ~.:!.. r 1987; Abdei Gawad et ~., 

1988, Kim, 1988; Metwall!! et !!!.., 1988) and in human 

(Bazzarre ~~ al., 7983; Jasper ~~ ~ •• 1984, Gorbach et !!.l .. 

1988" Rajala et i!..l.. I 1988). Hypocholestromic effects were 

reported on yoghurt culture with ~.~rmophiluS 

~.bulgaric~ (Jasper et g., 1984). 

~.J EFFECT OF ,LACTIC ACID BACTERIA ON GASTRO­
INTESTINAL DISEASES 

Apart from growth, lactic acid bacteria 

and 

also 

controls diarrhoea in goung calves. A number of studies 

suggested that supplementation of lactobacilli reduced the 

incidence of diarrhoea in neonatal calves (Fet..tman et al. 
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1987; Sissons, 1988)~ adult calves (Kimura, 1984 ; Bonaldi 

£!:. .l. 1986; Kopecny et a1- T 989 ) , steers (Waller et u- , 
1988) , cattle (Guo et .l. 1990 ) and in bulls (Libersd, 

1991). 

Diarrhoea symptoms disappeared at the rate of 95.8 

percent when Lactobacillus sp. culture was added in the diet: 

of cattle (Guo et ~!..; 1990). Kimura (1984) observed that 

administration of a live preparation of bifidobacteria .;;ind 

lactobacilli reduced the scouring rate in calves. B~lls 

!.. subtilis, ~.pumilus) increased daily live weight gain by 

700 g/d dnd had a better ca.rcass classification (LJ.bersa, 

1991). Steven and Johnston(1988j r~ported that inclusion 

of lactic acid bacteria in the diet resulted in 36% decrease 

in scours. Havrevoll et a1. (1988) also round that diarrhoea 

was less pronounced in calves s upplemen ted witb 

Streptococcus £aeci~. 

2.4 E~FECT OF SuPPLsNsNPAXrON OF LACTIC ACID 
8ACTKRrA ON GROWTH OF CALVHS 

Most of the studies on lactic acid bacteria supple-

mentat'ion are carried out on the ra.ts and pi.gs (Pollman et 

5l.., 1984; Vass et~. 1984; Fuller ~~ a·l., 1986; Mordenti, 

1986; pollman, 1986b; Camaschella and Bianchi-Salvadori~ 

1987, camascbella. ~~ al~1 1988). Whereas a l'imi'te(! number 

of studies are conducted ol]·,the calves (Kopecny et· ~., 

1989; Vuce"tic et.~., 1989). Supplementati.on of lactic acid 

bacteria significantly improve the weight. gain and feed 

conversion eff"iciency in calves (,Hct.vrevolJ. et :.'!.!."' 1988; 
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Kopecny et. ~. r 1989) and rat.s (Broussalian and Westhofr, 

1983; Grunewald, 1985; McDonough et !:!.._, 1985; Wong et al., 

1985,1987; Hitchines ~E.. al., 1986). 

Supplementation of :!i. bovis, £.act~bacillu~ sp. anc 

B.flbrisolvens to one week old calves significantly improve 

body weight. qain(O.81 Vs 0.64 kg/d). The effect decreased 

gradually and disappeared 70 days after weaning (KopeCl'l';1 

et al. , 1989). Hutcheson ( 1990) also reported 

probiotic eliminates the stress placed up on calves in early 

life. Vucetic et. !!:... {1989} recorded higher body weJ.ght. 

gain and"'d lower energy intake/kg of live weight gain in 

calves on suppl emen ta tion off dietary ~~cto~!lus sp. 

culture. They also concluded that supplementation of thi.s 

culture is beneficial for young calves upto 60 days of age. 

Supplementation of S.faecium I@ 6 
1. 8x 10 cEu/g} in the diet. 

of calves, increa.sed dry matter digestibility, N-balance, 

reed conversion efficiency (2.63 Vs 2.43 fu/kg), dry matter 

in faeces and body weight gain (Havrevoll et ~!., 1988). 

Steven and Johnston (1988) found 9 and 8 percen.t advantage 

in daily weight ga.in and f-eed efficiency respectively, in 
, 

group supplemented w.ith lactic acid bacteria. They a.lsD con-

eluded that probiotics behaved as appetit-e stimulants and 

modulators of stress diarrhoea. 

Bakshi and Langar (1990) used lJactob"aci 11 us sp. 

culture (@ 100g/100kg feed) in growing buffalo calves. The 

dry matter intake, nutrient digestibility, N-retention and 

availability of ME were improved in group of calves receiv-

ing Lactobacillus sp. culture. They also suggested that 
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alte,red rumen microbial population with modified rumen feI­

mentation pdttern in the presence of lactobacilli was bene­

Eicial for the host. 

However, in veal calves su ppl emen t; a t i on of 

~.fa~£!~~ did not improve 

gain (Gutzwiller and Wyss, 

dry matter intake or dat ly weight 

1988). Waller et a1. (1988) found 

that probiotic did not improve performance sufficientl':! to 

recover the cost of probiotic supplementation. 

Probiotics work effectively when the calves al:"e 

weaned at early age (Smith I 1965; Barrow et !!!l.., 1977; 

Tannock, 1983) or reared under unhygienic conditions 

(Thickett et ~~., 7997). Many studies are 

mented with ~egard to the culture used, 

not; well dOCI)­

the basis Eor 

selecting the culture and viability of the culture at the 

time of feeding (Gilliland, 1988). Surveys of the effective-

ness of probiotics (pollman, 1986a,b; ColJington et ~., 

1988; Fox, '988) alsD showed that the most consistant 

response was achieved when probiotic,s are fed to neonatal 

and young calves. 

~ork carried at Scotland Rowett Research Insti.­

tute (~illia.ms, 1988, 1989a,b r c j d r 1990a) threw more light· 

on mode of action of S.cerevisiae resulting :into altered 

rumen fermentation, gain in body Weight, milk production 

and milk composition. 
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2. 5~ t EH-lact:.ic acid and mechanism 

It is reported thllt rumen pH is mainly aS$ocia.-

ted wi1;.h concentration of lacti c acid in the rumen 

(Williams, 1990a; Williams et g., 1991), which is clear 

from the earlier investigations (MaleSrein et ~:!..., 19B '; 

./ 
Williams et ~. f 199') tha t pH depression coincides with 

the concentration of l~ctic acid. Supplementation of s. 

cerevisiae decreased the lactic acid concentration which 

v"'" 
ultimately help in elevation of ruminal pH (Williams, 1989a, -" 
1990a). Presence of yeast culture was sufficient to rise 

the pH by 0.2 to 0.5 units (Dawson, 1987; Wi.lliams et ~~. I 

7991) • pH changes in order of 0.2 units may have considera-

ble effect o-n celll.llolYS1S when the mean pH levels are 

low or in the region of 6.0 (Williams, 1989b, 1990a). Diet.s 

with readily fermentable carbohydrate or presence of starch 

and simple sugar depressed ruminal pH (Schneider and Flatt, 

1975; Offer, 1990; Williams and Newbold, 1990b; williams et 

i!!. , 199 1 ) lead to reduction of cellulolytic bact.eria 

(stewart, 1977; Thomas and Rook, 1981), impaired forage 

degradation Olilliams, 1989d,b,c,d) and feed intake (Orskov 

eol; a1. 1978). 

In this mechanism ruminal pH is elevated via 

reduction in the con cent: rat: ion of lactic acid by s. 

supplementation. Howevec, ~8ctic is not: cet:evisi.ae -------
a substrate 

V 
used by §... ~~isicl~ (Pancbal et 1984a). 

1.'hjs effect must have resulted from either direct reduced 

lactic acid production (due to utilization of lact ic acid 

precursor by :!.cerevisi.aeJ or by indirect stimul.ation of 
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lactic acid utilising bacteria in the rumen. A.uthors 

reported both direct or indirect mechanisms to ]ol .... er the 

lactic acid concentration. panchal ~! al. (1984a) found that 

yeast cells reduce the concentration of starch degrada-

tion products. HOI"ever, Nisbet and Martin (1990) reported, 

~.££'!'~y'isiae stimulate the lactic acid utilising bacteria 

ruminantum fOr increased lactic acid uptake -------
(almost four folds). 

It was not likely that the modulation DE rumen 

pH ~as the main mecbanism where yeast culture affects cellu-

10195i5 (Williams,1989b,1990a). The reduction in the concen-

tration of the Simple sugar in the presence of yeast culture 

might be responsible for improved rumen fermentation 

(Hungate, 1966; Williams et ~i., 1991). Mould and ilrskov 

(1983-84) conclude from their work with high concentrate 

d lets that it wa s not low rumen pH per ,!~, but ra ther t.he 

presence of easily degradable starch that inhibit fibre 

degradat.ion. Researchers (panehal ~ ~., 1984b; DeMot" 

1987) reported that simple sugars were actively transported 

across the yeast cell wall, resulting in their removal £rorn 

the external medium and internalisation into the yeast cell 

for their utillzat.ion. 

2.5.2 Production of growth stimulat.ing 
factors for rumen microbes 

Another possibility is that yeast cells in the 

rumen supply a chemical growth factor to the cellulolytic 

microorganisms (Offer~ 1990). §.. cerevisiae produces speCi-:-

fie factors like B-vit.amins or branched chain fatty acids 
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to stimulate the growth of cellulolytic bacteria (~;eidmeir 

and Arambel l 1985; Do. wson I 1987; Ch~emana and Ofter, 

1990). This mechanism could also explain -the i::crea.sed 

number of protozoa I .. i th S.cerevisiae treatment(Chung ~!. ~L ' 

1989; Carro et g., 7992). Andries et 0.1. ( 1990) found 

similar results when supplementing iso-acids in U:e diet. 

However, there is conflicting evidence as to the r.;':crobial 

need for such performed nutrients (Redman et 0.1. 1980 ; 

Sriskandarajah et al., 1982). 

2.5.3 !mpro~d microbial populatio~d digestibilit~ 

Many of the beneficial production responses asso-

eiated, with the use of yeast culture supplements can be 

directly related to their effects on the increased microbial 

population in the digestive tract. For the most past 

evidence Eor such effects are the res u 1 t of intensive 

studies of microbial activities in the rumen of cattle and 

sheep (Dawson~ 1990; Offer ~ 1990; Williams and Newbold, 

1990p; Edwards, 1991), but is supported by studies of the 

effects of yeast culture on digestive activities in the 

hind gut of the horses (Glade and Biesik,1986; Glade, 1991). 

Increased concentration of total anaerobic bacteria have 

been observed, but in a number of studies increased concen-

tration of specialized bacteria associated with fibre diges­

\...--­
tion and lactic acid utilization have been observed (~, 

1992) • Such increase in the number of bacterial cells 

suggest that live yeast supplements can stimulate cellulo-

lyti.c bacteria in the rumen and alter cellulose digestion 

in the rumen. 
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Yeast culture supplementati.on resulted in higher 

cellulolytic bacteria (Dawson I 1987; Williams, 1989b), 

higher fibre degradation (Williams, 1989d; Chandemana and 

Cffer~ 1990) as well as dry matter intake (Hovell, i986; 

J 
Lopez et a1., 1989). Offer (1990) suggested that s. -
cerevisiae stimulates the initial colonization of plant 

fragments in the rumen and therefore allowing rapid 

commencement of fibre breakdown.· 

2.5.4 Eeed proeein c~nversion 

Rumen microbes upgrade the biological value of 

feed pro"t.ein converting it to microbial protein 

especially when dietary source of low and medium quality 

forage. The addition of geast culture reduced the ammonia 

production in the rumen by 10 to 35% in the in vitro (Dawson 

and Newman, 1987,1988; Carro et cd., 1992) and ,in vivo 

studies (Adams et !!...!., 1981; Dawson and Newman, 1987; 

Harrison et a 1. , 19878,1988 ; Newbold et al. I 1990; 

Chandemana and Offer, 1990). This results in an improved 

microbial capture of ammonia and increased microbial biomass 

(Dawson, 1987; Wiedmeier at al., 1987; chandemana and Offer, 

1990; Carro et g., 1992). A higher proportion of microbial 

nitrogen derived from ammonia-N with yeast culture supple-

mentation support this suggestion (carro' et !l. t 1992). 

The cows kept on yeast culture exhibited a higher 

non-ammonia-N (Williams et !!l..., 1990; Erasmus, 1991) and 

dry matter (Williams et g., 1990) flow due to increased 

microbial-N flow. Also significantly increased the absorp-

tion of dry matt;er and l'lon-ammonia-N .from small intestine 
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(Williams ~ !l..., 1990). willi.ams and Newbold (1990h) demons-

trated 'that daily absorption of non-ammonia nitrogen in 

the intestine was increased by 23 percent when 'yeast culture 

supplements were provided in the diet. These investigators 

suggest: that this represents an increase in the flow or 

us efu 1 microbial protein to the small intes tine. 

Gomez-Alarcon et !!1.. (1987) found yeast culture supplemen-

tation result.ed in higher microbial yield (20.0 Vs 

15.5g/100g of fermented OM) and resulted in more microbial 

true protein reaching the duodenum (635g Vs 355 g/d) • 

In another investigation, Edwa.rds (1991) demonstrated 

increased allantoin nitrogen in th~ urine and ,decreased urea 

ni trogen concentrations in plasma which also support a 

mechanism ·for enhancing -the conversion of ammonia nierogen 

in the digeseive tract into microbial cell mass. 

Yeast culttfre also selectively stimulate ·ce.rtain 

rumen microbial population which has an impact on the 

protein quality (Carro et. ~., 1992) which is indicative 

Erom the amino acid concentration of dUOdenal digesta.. Tbe 

amino acid concentration of serine, threonine; cystine and 

methionine was found higher (Erasmus, 1991; Lyons, 1992). 

Stimulation DE protein sgnthesis has some important implica­

tions and mag be used to explain many of the product'ion 

responses tlssociated with yeast culture supp2ementation. 

Rumen function does not always. supply all the nutrients 

reqoired for maximal growth or pro d up t i on in ruminant 

animals. Protein limitations are particularly important. in 

young growing,animals and in high producing dairy cattle. 
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The m05t beneficilll responses to yeast supplementation ,,,ould 

also be expected in animals receiving the low quality eeeds 

(Ddwson~ 1992). 

2_S~5 In~ratea effect on mode of action 

Based on observations made in ruminant animals 

and with cultures of isolated ruminal bacteria different 

models have been developed, which explain the action of 

yeast cultures on digestive processes and production traits 

(Newbold, 1990; offer I 1990; Dawson, 1990, 1992; Lyons, 

1992; Wallaoe, 1992; Wallace and Newbold, 1992). None of 

these explain its effect collectively. However, the effect 

of yeast on feed intake, 

cannot 'be discussed in 

ruminal and'post-ruminal processes 

isolation. Lately, Lyons (/992) 

putforth that feed intake en tirely depends on the changes 

occurring in the rumen which also in turn influence feed 

~onversion efficiency (Fig 2. 1). However, a 11 models 

explained the effects of supplemented cultures on digestive 

processes. Dawson ~~. (1990) reported" increased concentra-

tion oE anaerobic bacteria was closely related to the 

presence DE live yeast cell in the rumen and was not 

observed on hea~ treated yeast or supplementing killed yeast 

cell s. 

Recently Lyons ( 1992) proposed an alternative 

model, in whicb all of the observed efeect; on rumen fermen-

tat ion , and the consequent effects on nutrition, stem from 

the stimulation oE growth and activity of specific bacteria 

by yeast culture supplementa.tion. 
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INCRBASBD FEED INTAlQI I. 

RUKINAL EFFECTS 

GROWTH AND ACTIVITY OF 
SPECIFl"C BliCTBRIA 
STIf'tUIA TED 

- Increased cellulolytic 
bacteria 

- Increased lactate-utilizing 
bact.er:ia 

- Hi~her microbial biomass 

Reduced rumen lactic acid 

- A void sharp la.cta te peak 
pt:Jst-reeding 

- Higher average pH over 
the day 

- More stable rumen pH 

1 
PDST-RUllINAL BFFBCES 

Increased ,rate of fiber 
break down 

- Earlier colonization of 
fiber by bacteria .. 

- raster fiber particle 
reduction and passage 

,from rumen 

Fermentation products altered 

- Increased TVFA (more acetate, 
propionate) 

- Less methane( energy less) 

- Reduced"acetate:propionate 
ratio 

Reduced rumenammania 

More microbial amino acids to 
hind gut 

- More energy derived from feed --I 
- Increased feed conversion efficiencg 

I I 
I I 

_I_lfPR_OVB_V "_'ROIJDC_"IVn'Y_~~====~=-l:=lJ1 
Fig 2 .. 1 Proposed mode of action of geast: culture 1n 1:.ht! .rumen 
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Another important Eun~tian of yeast cells may be 

related to their ability to influence animal health by 

preventing gastro-intestinal diseases as with lactic acid 

bacteria (Maffeo and Castiglioni~ 1983; Bonaldi st ~!'i 

1986; Dawson, 1992). Shityi et~. (1990) and Dawson (1992) 

suggested the addition of yeast cells to the gastro-intes-

tinal tract can have a significant impact on anfmal health. 

Some of these effects have been related to the ability o£ 

the geast cell wall to bind toxins and pathogenic bacteria 

(Dawson, 1992). Unlike some of the other beneficial etfects, 

the gea~t cells in the intes't:inal tract may stimulate tbe 

immune system and provide for better protection against 

invading pathogens (Dawson, 1992). currently little publi-

shed informations support the use of yeast culture for 

improving animal health by prevent ing 

infections (Lyons, 1992)_ 

2.7 HFFBcr OF S~CBRBVISIA8 ON RUMINAL 
FBRMENTAT.r£~ 

gastro-intestinal 

One of the common features of yeast culture 5upple-

ments was i'I;"5 ability to stimulate the growth of cellulo,-

lytic bacteria in the rumen (Harrison et ~*-., 1987a,1988; 

Wiedmeier et al., 7987; Dawson, 1990). It 1'5 p'articularly 

pronounced when forage containing diets are fed (Dawson, 

1990 ). 
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Addition of yeast culture in dairy cows increased 

total viable bacteria and cellulolytic bacteria 1.3 and 1.5 

.fold (Wiedmeier et ~., 1987), 12.2 x 10
9 

VS 7.76 it' 10
9 

and 

r2.0 x 10
7 

Vs 6.6 x 10
7 

MPN/ml (Harrison et ~. I 19B7a)~ 

respectively. 

In fe~:-:7enter system yeast culture addition increa-

sed counts of ~naerobic bacteria (1.3 to 5.0 ti,mes) and 

cellulolytic bacteria (2.0 'to 2.5 times) (Dawson and Newman, 

1987; Williams, 1990a). 

When a pure culture of S.cerevisiae dnd a mixed 

r;ulture with lactobacilli and enterococci supplemented with 

roughage diet to the steers, concentration of cellulolytic 

bacteria in both: were 5 to 40 times greater (Dawson ~ .!!!. I 

1990). 

The concentration of anaerobic and cellulolytic 

ba.cteria increased on supplementation of live yeast cells 

but there was no increase when supplements were heat treated 

(autoclavea' 121°C for 15min) to kill the geast (Dawson and 

Newma.n, 1987; Dd;.,'son, 1990). A number of studies indicating 

influence of yeast culture on rumen microorganisms varying 

with different feed combinations have been reported on t.he 

next. page. 

2.7.2 pH and lact.ic acid concentration 

One important effect of yeast culture in high con-

centrate rations has been related to its ability to decrease 

["uminal lactic acid concentrat.ions dnd moderate ruminal pH 



Summary of stEdies describing responses of rumin~l m.icrobial-E££.~!£.!?. 
to yeast cultures sUPplementati~~ 

---------------------------------~--------------------------------------------------------------
Die~ Bacterial group Condi­

tion 
Cone. in Conc. in Increase ReferenCES 

control group yeast group 

(CFUX10 9 /ml) (CFUx10 9 /ml) 

--------------------------------------------------~---------------------------------------------

50% concentrate 

40% silage 
6()% concetrate 

77% hay 

77% hay 

40% hag.l 60" 
concentrate 

Ear ley ba sed 
finished d jet 

Total anaerobes In vivo 
Cellulolytics In vivo 

Total anaer:obes In vivo 
Cellulolytics m ViVO 

Total anaerobes' In vitro ----
Cellulolytics In vitro -- ---
To~al anaerobes In vi~ 

CelJ.ulolytics In vivo 

Total anaerobes In vitro ----
Cellulolytic In vi tro ----
Tot"l anaerobes In vivo ---
cellulolytiC's In vivo - ---
Lac~ate-utilizers In vivo 

19.6 
2.50 

7. 76 
0.066 

3.8 

• 105 

.708 

.019 

104.0 

13. 4 

• 64 1 

'.018 

.0083 

25. 5 30. Wie4meier et a1. 
3.98 56% '" ("1987) 

12. 3 5S% Ha.rrison et a1 
• 120 81%'" (1988) 

43.6 11~·fold* Dawson et a1. 

3. 98 38- to Id '" (1990) 

7. 4 t 10 -fold Dawson ~ ~. 

• 158 8-fold It ( 1990) 

157.0 50%* Newman and 

16.0 /9:4% Dawson (1987) 

1.39 116"%* Edwards ( 1991) 

. 035 89 • 

.0277 3fold* 

--------------------------------,------------------------------------------------------------
*Indicates statistically significant increases (pIO. 10) with yeast 
culture supplements -

'" " 
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(Williams, 1989a). Williams et al. ( 1991) demonstrated 

consistently lower ruminal lactic acid concentrations in 

the rumen of steers fed a hag plus barley diet when yeast 

culture supplements were used. This decrease in lactic acid 

concentration was associated with greater ruminal pH and 

lower concentrations of Oligosaccharides (Malestein et !:!..., 

1981; Williams, 1990b; Williams et aI., 1991). IUrtin et 

( 1~lJ9) have demonstra ted that extract rrom yeast 

cuI tures reduce the lactic acid concentration bl) stimula-

ting the activities of the lactic acid-utilizing bacterium 

Selenomonas ruminantium. Edwards (1991) has also demons---------
trated greater concentrations of lactic acid-utiJ.izing 

bacteria in the rumen of cattle receiving ye.ast culture 

supplement. In this study, the use of yeast culture 

complemented the effects of an ionophore which can also 

be useful in controlling lactic acid production. 

2.7.3 Total volatile fatty acid and their proportions 

Several investigators have used increased volatile 

fdtty dcid production by ~umindl bacteria 1n batch cultures 

to measure the stimulatory effects DE yeast cultures on 

ruminal fermentations (Gray and Ryan, 1990i Martin ~ !..:t., 

1989)._ However, it has not been possible to .consistently 

associate similar increase in VFA production with yeast 

cultUre supplementation in the rumen or in rumen stimulat-

ing C'ultures (Malcolm and Kiesling, 1990; Wagner !:.! ~~, 

1990). Dawson ~! al • (1990) reported that yeast culture enhance the re-

lative production of propionate and decrease the ratio of acetate to 

propionate in the rumen on-Silage or forage based rations. 
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In sheep, yeast culture supplementation increa-

sed TVFA non-signiicantly and acetate :propionate ratio was 

decreased from 5.01 to 3. 8 1 mainly due to increase in 

propionate (Newbold et aI., 1990). In a similar study with 

cows yeast. culture supplementation reduced acetate (53.1 

to 48.2 M%j and acetate;prop.ionate ratio (2.00 to 1.65) due 

to higher propionate production (27.4 Vs 30.0 M%). The TVFA 

concentration was increased from 172.2 to 184.5 m mole!l 

(Harrison !!!L., 1987a). Such changes are indicative of 

improved fermentation efficiencies and decreased methdne 

production in 

provide 

Ne .... bold, 

additional 
~ .. f, 

. 1990/}- In 

ted increase or 

gastro-lntestinal tract. • and could 

energy for production (Williams and 

contrast, other studies have demonstra-

non-significant changes in the ruminal 

acetate to propionate ratio when straw or high concentrate 

rati ons were fed to ruminants (Wiedmeier et al. I 1987; 
aU 

Williams and Newbold, 1990A. Edward!!, 1991; Carro et ~., 

1992). Several authors (Dawson and Newman, 1988; Martin and 

Nishet, 1989 ; Chademana and Otter, 1990 ) have report.ed 

eitber small or no change in VFA when geast. culture 

supplemented to a high roughage diet. Differences in the 

ability of yeast culture to alter ferment(ttion patterns may 

be explained' by differences in dietary treatments. Review 

~f the available literature suggest that there is currently 

not enough data available to identify specific dietary situa-

t ions where yeas t can be used as effective agents for 

altering fermentation pattern and end products formation 

in the rumen. 



27 

2.7.4 Methane eroduction 

The carbohydrates (cellulose, starch, su gars) are 

fermented :in the rumen into acetate, propionat.e, butyrate 

with t.he intermediates like hydrogen and succinate. The 

removal of hydrogen by methanogenesis has been reported to 

increase the production of acetate (Wolin and Miller, 1983). 

Production of methane in the rumen resulted to a waste of 

10% dietary energy since 2 to 3 percent of total bacterial 

popuLation in the rumen represent methanogenic bacteria. 

Both pro/) ion ie acid and formation compete Eor the 

availahle hydrogen in the rumen as a result: of fermenta-

tion. Yeast cell walls are known to possess a large proton 

buffering capacity (Cartwright ~ ~!., 1986) and otfers a 

highly alternative from hydrogen transfer to a production 

of methane. The molecular hydrogen channeling into microbial 

system#, and also increase ill the efficiency of cellulolysis 

resulting into increased aceta.te production were obserl/ed 

due to supplementation of yeast culture. Yeast thus resulted 

into reduction of methane production in steers by 28% 

(Williams, 1990a) .. 

2a7~5 Amaonia production and microbial 
protein synthesis 

One of th~ common observations associated with 

the use of yeast culture in ruminants and rumen-stimula-

ting fermentOIs has been the reduction of ruminal ammonia 

concentrations ( Da~son 

1988; Newbold Et ~~., 

Edwards, 1991). 

and Newman, 1988; Harrison et 

1990; Williams and Newbold, 

a 1 • , 
- ,,~b 

1990:; 
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It is suggested that inclusion of yeast cui ture 

in t.he diet. reduced the ammonia production by 10 to 35 

percent in vitro ---- ( Dawson and Newman, 1987,1988; Carro et 

~., 1992) and in vivo (Adams ~ a1., 1981; Harrison ~~ al., 

1987a, J988; Chademana and Offer, 1990; Newbold et ~. ( 

1990) . In steers supplemented with yeast culture, rumen 

ammonia concentration was Slightly lOWer (18.1 Vs 2 O. 3 

mg/100 ml) (Adams ~:t f!:.!:"., 19B1). However, in sheep ammonia 

was significantly reduced by 35 percent (Newbold et ~!. I 

1990)_ Cow supplemented with yeast; culture also shows a 

significantly lower ammonia concentration (87 _ 5 Vs 12. 6 

mg/l) (Barrison et a1., 1987a). 

lReduced ammonia levels ba.ve not been associated 

with decreased protein degradation or deamination (williams 

and Newbold, 1990). Th e reduced amoun t of ammonia was 

utilized for: microbial protein sgnthesis in t.he Tumen 

(Dawson, 1987; Wiedmeier !~ e2., 1987; Chade1l'lana and Offer, 

1990; Carro et ~!.., 1992J, which was confirmed by grea ter 

microbial yield dnd microbial true protein reaching the 

duodenum (GomeZ-Alarcon et !!!:.., 1987; 'JErasmus, 1997). They 

8uggest&d that yeast may have selective stimulatory effects 

On specific rumen bacteria which result in a shift in the 

microbial population and would be reflected in increased 

protein synthesis and amino acid profiles. It is also 

supported by studies which indioate that yeast culture 

supplementation can change the amino acid and nitrogen 

metabolism in horses (Glade, 1991). 
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Production response to yeast culture 

supplementation va.ry wi th species, diet and type oE yeast; 

a.dded to diet. Some of the beneficial production responses 

associated with the use of yeast culr:.ure supplemer.ts have 

been summarized in the Table given below: 

Some effe£~ of yeast culture suppl~nt! 
on animal production 

-=-----------------------------------------------------------
Production response Animal References 

-------------------------------------------------------------
Increased intake 

Increased milk 
production 

Altered milk 
composi tion 

Improved weight 
gain and feed 
eEficiency 

Dairy cattle RuE ~ ~.(1953),Phillips 

and VonTungeln (1985); 

beef ~attle, Malcolm and Kiesling (1986), 

and sheep Fallon and Harte (19B7), 

Dairy cattle 
and goats 

Gun~her (1989), Wil1idms 
oBb 

and Newbold (199g{) ~ :1cLeod 

et aL (1990), 
/' 

Williams 

et a1# (1991) 

'-/"" 
"DY~S et ~~.(19B7), Teh et 

~.(1987),will1ams et a1. 

( 1991) 

Dairy cattle Hoyos et a 1." 1987), Teh ~ 
and goats 

Beef cattle 

!d..fI9(7), Gunther(1989), 

Williams et al. (1991) 

Ruf et ~.(1953), Greive 

(1979),Phillips",and Von 

Tungeln (1985),Fallon and 

Harter 1987) ,Hughes (1988), 



Improved diges­
tion and weight 
gain 

Da.iry goats 

McLeod at ala (1991), 
../ ---

Edwards (1991) -
Williams et ala (1991), 

",/ 
Bhoi (1992) -
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------------------------------------------------------ -------

Yeas t cu it ure has be en shown to improve nu tr i en t 

supply to the animal at a fixed intake (Williams et ~. I 

1990), but in farm trials, its effect on intake appears the 

most important cause of improved performance. In several 

studies it has been found that geast culture supplementa-

tion increased the feed intake in calVES (Bonaldi et ~.:!.., 

1986; Pallan and Harte, 1987; Hugbes, 1988), steers (Adams 

et ~., 1981); lactating cows (Malcolm and Kiesling, 1986; 

Quinonez et,,!:!._, 1988,1989; Williams, 1990a; Williams ~~ til., 

1991; Wohlt ~ ~~. I 1991) and in bulls (Drennan, 1990). 

In lactating cows yeast culture supplementation 

significantly increased the DM intake by 1. 2 to 1~ 6 kg/d 

wit.h a higher milk production (Williams, 1990a; Williams 

1991). These J;'esponses were the results of increa-

sed nutrient supply to the mammary gland as' a re.sult of 

increased dietary feed intake# rather than mo.bilization of 

bodg reserves. The additional DM intake provided 11.1 l-fJ 

of ME/d extra for cows given yeast culture, which is used 

for milk synthesis and weight gain (Williams et. al. I 1991) • 

In steers yeast supplementation significantly increased the 

DM intake as compared to control (3.17 Vs 2.07 kg/d/JOO kg 

b.wt). HoweVer, for a unit body weight gainthe reed intake 
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was lower (6.32 vs 6.42 kg/kg body weight gain) in a group of 

animals supplemented wit.h geast; culture. This was reflec-

ted to hiqner feed e.f£iciency (Adams !!t ~. t 1981). 

Williams ( fSS9al suggested direct 

stimulation of cellulolysis and increased rate of fiber 

digestion resulted in higher intaKe of feed. Yeast cuI ture 

alters shape o~ the degradation curve c~us.ing a 

reduction in lag phase before digescion commences. The model 

of Hovell (1986) showed how a change or this type can lead 

too large increase in ~ .!ib~ forage intake even though 

oU'erall feed digestibi.lity .i.s not incr.easea~ evidence is 

provided by Lopez ~.t. !f.~' (1989) which showed that voluntary 

intake of hay by sheep was related to tOe degradation 

constants of the hay measured in ~E'££. Intake was closely 

correlated to the magnitude ot the soluble component and 

to the degradability ra.te Constant but not to the size of 

~he potentially degradable fraction. 

2.8 .. 2 NUf;.rient digest::.ibilit.'-. 

A number af studies provided evidence indicating 

that live yeast ~e" h d 
.... ... .LS en aTlCe the digest.ive .processes in 

the gastrointestinal tract. These etreets have directly 

and its activity. Such effects have been stimulat:ed growtb 

summarised in a table on the next page. 

S. cerev isiae - ------ supplemen"ta'tion on digestibili tg 

showed a variable response (Ar;:;mbel and Kent, 1990; M?loney, 

1990; Wohlt et !:!.., 1991.)~ Supplementatioh of :[.£~isiae­

increased the digestibility or protein (Wohlt ~ !;!..~I 1991), 



Summary of. studies describing direct e:flli~:!.. of_lL~..£ill.£!L£!.L 
~~tive process~n domestic ~als 

---------------------------------------------------------------------------------------------
Animal Diet Observation Reference 

-----------------------------------------------------------------------------~----------------

Cattle 

Cattle 

Cal ves 

Cattl~ 

Ca ttl e 

Sheep 

Goat 

Alfalra. Hey 

Hay with barleg 
straw/rolled oats, 
beet pulp and wheat 
bran 

~ !£!££ dry matter tended to increase 
after adaptation to yeast culture 

Increased dry 
hemicellulose 
tract 

matter,crude 
digestion in 

protein and 
tIle total 

Barley/soya or corn Enhanced dry matter,nitrogen,dnd organic 
gluten/barley diets matter digestion in the to~al tract 

40% silage and 60% No effects of dry mattez/fiber,hemice­
concentrate 11u105e or starch digestibility in the 

total tract 

Hay with rolled 
barleg 

Dry matter diges·tion in t.he rumen was 
enhanced at 12h ·but: not: at 24h 

AX.:Amhel ef: al. 
11987 } 

Wiedemeier 
et. (1987) 

et 

Fallon 
11987} 

and Harte 

Harrison et ai. 
( 1988) 

WiJ,liams et al. 
11991} 

H 19h ,medium and low 
for a·ge : con centr at e 
ratioS 

Increased initial rates of organiC matter 
digestion in the rumen but did no~ alter 
the ultimate extent of digestibility 

Chademana; and 
Offer (1990) 

.Concentrate and ad 
lib lucerne as 
fOdder 

Increased dry matter/crude tiber, 
crude protein, NDF and ADF digestion 
in the total tract 

Bhoi (1992) 

--------------------~-------------------------------------------------------------------------

w 

'" 
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cellulose (Gome4.-Alarcon~ 1987; Wohlt ~!. !!.!..? 199;) as well 

as that ot fiber (Wiedmeier et !!1.~ r 1987; Gomez-Alarcon et 

al. 1990) but not:." always (Ar<Jlmbel and Kent, 1990), Carro 

et al. {1992} reported tbat effect on diges~ibility is depen-

dent on the forage to concentrate ratio. Supplementation 

of yeast culture with high concentrate diet reSUlted in 

significantlr:JI: higher DM and NDP digestibility. However, 

on high forage diet yeast: culture had no effect on DM ~ NDr 

8:'J'l'd.'" ce 11 u los e d 1ges t ibi 1 i t y. Similarly in vivo studies where .-
DM digestibility was not changed by addition of yeast 

culture (Harrison et !!d.., 1988; Arambel and Kent, 1988 ; 

Williams, 1989a,b; Chademana and Offer, 1990) suggested that 

the effects of yeast on digestion may be very subtle iJnd 

cannot eo:'lsily be i.dentified in studies of total tract; 

digestibility (Williams, 1989a; Gomez-Alarcon ~ ~!.., 1990) 

but inf luences the initial digestion rates of fibrous 

substrate in the rumen (Dawson, 1992). Gomez-Alarcon (1987) 

report'ed that yeast cult:ure increased the cellulose diges-

tibility or DM.in total tract was similar. 

Some authors (DaWSOn et ~. , 1987; WiJ,liams, 

1989a i Chademana and Offer, 1990; Williams et ~.!. , 7991) 

hav-e reported yeast CULture to increase the rate of 

degradation of DM and fibre in short term experiments (under 

24b ). However, wi th an extended period of incubation (48h) 

there was no difference in DM degradability (Dawson et ~., 

1987; Williams, 1989<'1.; Chaaemana and Offer, 1990; Williams 

et ~!. I 1991l. In goat supplementation of a mixed culture 

of s.cerevisiae and ~~aoidophilus resulted in a higher diges-

cion rat~ o~ DM, CF, NDF ana ADF (8hoi, (992). 
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In addit:.ion,the initial stages of fibre digest.ion 

by cultures of individual rumina] bacteria has been shown 

to be enhanced by certain strains of yeast (Dawson, 1990). 

In these studies with isolated cellulolytic bacteria, the 

time required to initiate fibre digestion was decreased by 

30 percent in the presence of live yeast cells. The yeast 

could not grow on the fibrous substrates provided in these 

cultures and con centra t.ian s of yeast cells in these 

symbiotic cocultures increased only after substrates were 

supplied through the action of the filter paper discs. These 

studies indicate that yeast culture supplementation may have 

a significant effect on the time and course of digestive 

processes in the rumen .. Such changes in digestive function 

could increase the availabilit:y of nutrients in the rumen 

and could have a signi-ficant impact on intake (Williams and 

newbold, 199' 

- supplemr::ntation of yeast cult.ure non-signiEican-

tl!J increased the liquid dilution rate (Adams ~ ~;!.. 198 1; 

Harrison ~ al., 1987b; Malcolm and Kiesling, 1990). 

However, Wiedmeier et a1. (1987) found that yeast culture 

produced a small increase in the rate of particulate passage 

Is. I 1 Vs 4.52 percent/h) without any change in liquid 

outflow rate, which suggested an increase "in the rate oE 

fibre degradation. 

It is clear from these studies that yeast culture 

supplements do not have equal beneficial effects with all 

types of diets~ Loyns (1992) described different diets 

where yeast culture might be used. 
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(1) Mtxed ford~concentrate diet: The rumen environment 

on this diet typically has a pH low enough -to SUppress 

cellulose digest~ion. Lactic acid, especially when high 

lactic acid silage is in the diet, can creat'e lo·w rumen pH and 

subclinicitl aCidosis problems. Yeast strains selected for 

this diet must stimulate fibre degradation and lactate utili-

zation. 

{ill High concentrate diet: As there is little digestible 

£ibre in this diet geast that stimulate cellulose degraders 

would have little value • .strains that stimulate lactic acid 

utilization, however, would be useful in fighting 

subclinical acidosis andmaintaining feed ~ntake. 

(iii) !!.i:.~forage diet: Int:ake capacity often limits per-" 

formance on this type of die~~ especially when forage 

quali1;g is poor .. Rumen modifiers for this diet must maximize 

fibr;e d'egrQdOltj.on'" and convers,ion of feed prot-ain to micro-

bial protein. InOreased population of cellulolytic species 

speed up degrada~ion rate and allow increase intake. 

(iv) High soluble nitrogen diets: Urea based diet have more 

soluble-N than carbohydra.tte available for microbial 

u~i 1 i za tio-n. C;xc ess ammonia ero ssing ~he rumen wall must 

be convert ed to urea by the 1 i vex, an 

process. When rumen Nfl3 level.s are in excess of microbia.l 

needs, addition of the yeast culture should be beneficial. 

2~8_3 BEfec~ of ~~aerevisiae on calves grokth 

Studies on young calves respo1ed well to dietary 

supplement of' ~ .. ~visiae alone (Quinonez et ~. 1989; 
./ v 

Hudyma et .1. 1990; Wa.9 ner et el.. , 1990) and alon gwi th 
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lactobacilli (Bonaldi et~., 1986; /lughes, 1988; '/ucetic 

et ~l·, 1989)~ Supplementation, or S .. ceE~visi.~ :dtb or 

without lactobacilli increased the live weigh t gain 

significantly with higher DMI (Fallon and Harte" 1987; 

Hughes ~ 1988) and .w-ith a lower energy consumption ('Iueetic 

et a 1. i 98 9). 

In Q recent:: trial conduct:ed at: National Dairy 

Research Institute, Karnal on goat kids both crude protein 

and crude fibre were digested at higher rate on supplementa-

tion of S.cerevi:..!!~ compared to these two excelled over 

individual addition. The addition of individual organisms 

inc reased growth ra te over the control bu t combi nd t i on of 

both exhibited better results. The feed conversion effi-

cieney was also better when a combination of both organisms 

was supplemented. The cont: ro 1 of diarrhoea was more 

effective on ~.acidoph~ supplementation. The data is 

briefly summax'ized in the table presented below: 

Feed conversion efficiency of kids on 
supplementation of EEobio~ 

-------------------------------------------------------------
Parameters Treatment gr£E,.p""s __ _ 

A B c D 

-------------------------------------------------------------
0-75 

DlH/KgW (0 75-)/d (g) 68.5 6S.5 7 1. 1 7 1. 1 

CP Dig. (0) 76.8 75.5 80. 1 82.6 

a Dig~ (% ) 44. 1 45. 7 55.2 64.3 

N-retained to 
N-intake (%) ')4.2 57.S 61.5 65.7 

Weight gain (gld) 64. 3 87.2 89.6 9':.9 

..• _contd. 



peed consumed/kg 
weight gijin (kg) 7. 7 5. 6 

D.iarrhoea cases 
observed (No. ) 10 3 

A,ContIol; B, ~.acidophilu5; C, ~.cerevisiae; 
D, ~.acidophilus + ~.cerevisiae 
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5.6 5.4 

6 4 

Studies with veal calves showed that inclusion 

of S.cerevisiae and &..acidophilus significantly improved 

the daily body weight gain, feed intake and meat yield 

(Bonaldi et ~., 1986; Hughes, 1988) without affecting 

carcass characteristics (Kimenai, ,g 90). The supplemented 

groups were found to be more economical (Hughes I 1988; 

Kimenai, 1990). When S.cerevisiae was supplemented at 

percent:. or 2 percent of' DMI to calves after stress. Dr-JI 

increased without any difference between the levels of 

supplementation (Phillips and Vontungeln, 1985). H-owever F 

badg weight gain did not increa.se consistently. Similarly 

in some studies neither feed intake nor weight gain was 

affected by inclusion of> S.cerevisiae (Quinonez et !!.l. ~ 

1989; Seymour ~~ ai. 1989 ) ... 

-0-0-0-



CHAPTER - III 

MATBRIALS AND HETHODS 



3 ~ l'lll.TKRIALS AND MB'rBODS 

In order to achieve the objectives delin~a~ed 

tor the current project, the investigations were carried 

out, firstly establishing and prodl).ction vari ous 

microbial cultures to be used and secondly to evaluate 

the effect of these cultures on feed degradability and 

feed utilization for growth .. The evaluation of' the 

cul'tures is carried in four 'different phas'es.· In the first 

and second phases the cultures were evaluated through in 

vi tro and in vivo studies based upon several parameters. 
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In Che third phase response of pc-abioti.c supplement on 

the growt;h of pre-ruminant and post-ruminant calves was 

studied. In the fourth and final phase a metabolic trial 

was conducted to study the effect of probiotic on digesti-

bility and nutrient utilization. 

The research methodology used in present 

study has be~n detailed separately for production and 

maintenance of microorganisms, and procedure followed 

during each those of the investigations. 

3~ 1 PRESBRVATION A~PRODUCTION OF 
PROBIOTIC SUPPLEMBN~S 

3 .. '" 1 Source and type of probiD1;!£~ 

Six different standard strains of microorgani-

sms taken from National Collection of Dairy Cultures 

(NeVe), Dairy Microbiology Division of Nati.onal Dairy 

Research Institute, Karnal have been listed as under: 

Ii) ~obaci~ acidophilus (R) 

(ii) ~. acidophilUS( 1) 

( iii) Streptococcus ~varius subsp. 

thermophilus (UST) (New name of for 

§.. thermophilus) 

(iv) ~.salivarius sub$p~ thermophi lust elf) 

(v) Seccharomy~ ceravisiae (522) 

(vi) s.cerevisiae (B) 
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3.1.2 Maintenance of standard cultures 

The standard strains of f.acidophiluS and s. 

t:.hermophilus were maint.ained on the 

litmlJs milk, however, strains of 2,.cerevisiae were 

maintained· on the mldt extract:. agar slantsw 

The cultures were aseptically inoculated in 

their respective medium and incubated for 24 to 48h 

depending Upon the growth (!:!.acidophilus and S. salivarius 

subsp. thermophilus at 37°C and 5.cerevisiae at 2SoC) .. 

After optimum growth mouth of each test: tube were wraped 

in aluminium foil and kept at: 4°C for further use upto 

3 fortnight. At a time "each strain was .inoculated in two 

t.est tubes.. One test tube was used for suh-culturing the 

medium f6r cell harvesting and another- for 5ub-cultur-· 

ing other two test tubes and so on. 

3 .. 1.2. 1 Pr~paratioa of litmds milk: 

About 10-12 ml of litmus milk and to 2g of 

ca.C0
3 

were a.dded in each test tube. These test tubes were 

sterilized at 121
o

C/15 psi for 30 minutes and incuba.ted 

at 37°c for 24 to 48h depending upon the development of 

colour. Test tubes having fade colour were discarded. The 

mouth or each test tube was wraped with alumin{um foil 

and kept at 4 0 C for further use upto a month. 
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3~ 1~2~2 Composition of litmus milk 

Fresh cow skim milk 100 ml 

Litmus solution 1.0 ~o 1_5 ml/l00 ml of skim 

milk 

1.0 to 2.0g/test tube 

-3 .. 1 .. 2~ 3 Litmus solution; 

5g of litmus powder was dissolved in 100 ml of 

distilled water and heated upto boiling. Solution was 

filtered through cotton and kept at 4°C for further use. 

3.1.2.4 Preparation of malt extract slants: 

About 1.5 to 1 .. 8 percent agar-agar powder was 

added in the malt extract broth and dissolved by heating. 

10 to 12 ml of this solution was aaded in test tube and 

sterilized at 121
o

C/15 psi for 30 minutes. After sterili-

zation these test tubes were put in the incubator at 2S0C 

for 10 minutes in the inclined position for setting of 

agar in slant form. Mouth of these test tubes ;vere 

wraped with aluminium foil and kept _at 4°C for further 

use upto a month. 

3.1.3 Production and preservation of REobio~ 

For harvesting the live cells of !--_ acid.ophi-

S~salivarius subsp~ thermophilu~ and ~.cerevisiae, 

the cultures were grown in respective media like MRS, LYPA 

and malt extract broth~ 
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3. 1~3. 1 Composition of~edia: 

The composition of the media used is given ilS 

under: 

Ingredients 

Peptone 

Meat extract 

Yeast extract 

K2 HPO 4 

Tr i ammon i urn 

MgSO 4 

MnS0
4 

Dextrose 

Tween BO 

pH 

Ingredients 

Peptone 

Yeast extract 

Beef extract 

N<l2 HP04 

Lactose 

pH 

MRS 

citrate 

LYPA 

2.L~ 

10.00 

10.00 

5.00 

2.00 

2 .. 00 

0.25 

0.04 

20.00 

L 00 

6 .. 2-6. (5 

5.0 

5.0 

10 .. 0 

3.0 

20 .. 0 

No need to~adjust 
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siae at 250C)~ After having final growth the biomass WdS 

centrifuged at: 3000 rpm for 15 minute. The supernatan~ 

was disc-arded and cells were washed with normal saline 

solution (0.9% NaCl) and again centrifuged at 3000 rpn 

tor 15 minutes~ The Cells were dispersed in 10 pereen t 

sterilized glycerol solution which act as a cryoprotec­

ting agent (Satadhouders et g .. , 1979) .. These cells were 

preserved in sterilized small tubes placing iTl the liquid 

nitrogen (Gilliland, 1985) for further use. At the time 

of using the culture for feeding animals, the tubes were 

thawed in luke' warm water till it attain a room tempera­

t,ure. 

3 .. L,4 pur.it'! of cultures 

The purl ty of these cultures was conf irllled by 

microscopic examination using Gram's staining tec.hniques 

and s~andard plate coune. 

3~ 7~5 Counting of live cells 

For estimation of microbial papulation I standard 

plate count technique was used before and 

keeping in liquid nitrogen~ 

Star.dard plate count: 

Procedure: 

month after 

I. Culture tube was vigorously shaked by rotat.ing 

between the palms to disperse the cells uniformly. 
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2. Several dilutions with normal saline water were 

prepared in the following manner: 

(1) ml of well mixed culture was transferred 

to 9 ml of sterilized saline water. Mixed well by rotating 

between the palms. 

(i i) Transferred ml of this suspension to 

second test tube containing saline water and repeated the 

procedure to 3, 4, 5, 6, 7 and 8th test tubes. The 

concentration of the bacterial cells in each of the"se 

successive dilution were in muLtiple of 1/10. For plating 

purpose, 6, 7 and 8th dilution or cultures were used. 

3. 1 ml of solution from 6th, .lth and 8th dilutions 

were ti:ansferred into sterilized petri-dishes in dupli­

cate using separate sterilized pipettes. 

4.. six test tubes of agar medium were melt placing 

in boiling water and cooled to 4SoC in a water bath~ The 

con tents of each test tube were ·poured into one oE the 

petri-dish .. 

5. Mixed the agar with inoculum gently by rotating 

the platES in oppOSite dlrections~ 

6. 

invert 

in the 

count:ed. 

7. 

Allowed the agar to set in about 5 to 10 ·min, 

and incubate 

incubator. 

at a.ppropriate temllerat.ure ror 

Colonies of each petri-dish 

48h 

were 

The pe·tri-dishes havi.ng 30-250 clearly visible 

colonies in a similar dilution were considered for count-
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ing. The average ot two plate counts of the same dilueion 

was used for calculating number of via.ble microorganisms. 

The total number of org8nisms in the culture to be used 

for feeding was calculated by multiplying the average 

count with the dilution factor~ 

PflASTJ-I 

3 .. 2 IN VITRO EVALUATION OF' PROBIOTICS 

Six individual strains of microorganisms were 

supplemented in the in ~~ sgstem (@ 10
9 

cEil/flask) 

using a 60:40, wheat straw:concentrate ratio (on DM 

basis). The incubations were carried out for 24 and -48 

hours. The follOwing pa:cameters were conliddered to select 

the two microorganisms each from bacteria and yeast. 

,. Dry matter degradability 

2. Total volatile fatty acid production 

3. Total gas production 

4. Ammonia nitrogen production 

S. Total microbial protein: nitrogen 

6_ Bacterial counts. 

3.2.1 Feeding of doner animals 

Adult rumen, fistulated crossbred male calves 

(Brown Swiss x Sah iwal) were fed ad lib on roughage and 

con centra te in the proportion of 60:40. The roughage 

consists of wheat straw and concentrate contai.ned ground-
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nut cake 30, maize 30, wheat bran 37, mineral mixture 2% 

and sal t 1%.. The feed was offered to the animals in the 

morning at 8 A_M .. and the animals were given water at 12 

3~2.2 Collection of rumen liquor 

RUmen liquor was collected from the don.er 

animals from all parts of the rumen into a clean, thermos 

flask. The rumen liquor was strained through four layers 

of muslin cloth .. All precautions were taken to ensure the 

maintenance of optimum temperature wbile collecting 

and handlin~ of rumen liquor. 

In vitro studies were conducted in quadrupli-

cate according to the method described by Tilley and Terry 

(1963). The artificial saliva was prepared as per the 

method of MCDougalls (1948) .. The samples WEre incubated 

. a 
for 24 and 48 h at 39 c~ 

3 .. 2 .. .3 .. 1 reed .ana probJ.otJ.c supplemen(:~£: 

In each flask 19 of feed# wheat. straw:concen-

trate on DM basis was taken as substrate. The 

ingredient composit.ion of concentrate mixture is detailed 

in Table 3 .. 1 .. Individual microorganisms were added @ 10
9 

cfu per flask except control .. 



Tgble 3. 1 composition of conc~ntrdte us~a for substxgte 
for in vitro studies 

------------------------------------------------------------------
Ingredients Parts 

(kg) 
CP 
(kg) 

TDN 
(kg) 

-------------------------------------------------------

Maize 30.0 3.6 25. 5 

Groundnut cake 30.0 13.5 22.5 

Wheat bran 20.0 2.4 14.0 

Rice bran 17.0 1. 7 11. 9 

Mineral mixture 2.0 o. 0 0.0 

CommOn sa it 1. 0 O. 0 0.0 

Totgl 100. 0 2 1. 2 73.9 

-------------------------------------------------------
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J~2~3~2 Estimation oE in vitro dry matter, crude 
fiber and orga;ic-matter deqradabilit~: 

After in vitro incubations of 24 and ---
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the 

C"on'tents of the flasks were filtered through G-l 

crucibles. The dry matter, crude fiber and organic :natter 

were estimated according to AOAC (1984) in the 'semple of 

feed and i.n residues obtained ..(n the G-l crucibles. In 

vit!E. degradability of dry matter, crude fiber and organic 

matt~r were determined by substracting the qu~ntity of 

respective .nutrients remai.ned after i.llcubation fro;n the 

~luantity of respective nutrients in the sample of feed. 

3.2_3.3 Estimation of total volatile 
fatty acid concentration: 

Total volatile fatty acid (TVFA) concentra tion 

was estimated according to' Barnet: and Reid (1957). 

One ml oe incubated rt.fmen liquor was caken in 

Markham's distillation apparatus and one ml of Scaris-

brick buffer (5% oxalic acid solution, 10% potassium 

oxalate solution mixed in t:he ratio of 1: 1) was added .. 

Hundred ml of the steam distillate was collected in a 

conical flask and titrated against standard 0.0 IN sodium 

hydz:oxide using phenolphthlein as inaicator.. The total 

volatile fatty acid concentration was ca-lculated by using 

'the formula: 

TVFA roM/100ml = 

Where, 

Volume of 0 .. 0 11:1 NaOH used x 100 
A 

A = Volume of incubated rumen liquor taken 
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342.3~4 Estimation of total gas production: 

Total gas production was measurea according to 

prins (1987) using artificial saliva as per McDougalls 

( 1948). 

Rumen 1 i quaI was drawn from the different 

an~mals maintained on a diet of wheat straw:concentrate 

in the proportion of 60;40 (DM basis). One 9 of substrate 

(60:40 wheat stra.w:concentrate on DM basis) was taken in 

a 500 ml bottle with a standard jeJint .. e.nd 100 ml of 

McDougall's (194"8) bu-eter solution was added to each of 

tbe above bottle. The bottles were fi tted with 

standard joint glass cone provided wi .. th a rubber cork at 

the top.- These bottles wer.e incubated .in d shaker water-· 

bath maintained at temperature So that buffer solution 

attained To this, 100 ml of freshly drawn 

strained :rumen liquor (SRL) was a,dded an-a" bottles were 

flushed with carbondioxide gas to create anaerobic environ­

ment., after removal or the cone which was immediately 

replaced after the addition of SRL~ The gas production 

(mIl was measured at 2, 4, 6, 8, 70, 12, 16, 20, 24, 28, 

32, 36, 40, 44 and 48 hours post-.incubation by punctur­

ing the rubber stopper by a fine nee:1.le. This needle was 

attached to one of the two upper arms, a 'U' shaped 

manometer (Fig 3.1). Total gas production was indicated 

by level oE water displacement. 

3 .. 2.3_5 Est:ima"tion of am14onia-nitrog en(N1l
3

"-N): 

Nfl j-N was estimated accord.ing to Comln-y (1962). 



FIG. 3.1 WATER MANOMETER FOR MEASURING GAS PRODUCTION 
IN in vitro RUMEN INCUBATIONS 
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,~ STAND,2.BURBTTE, 3. FUNNEL, 4. CLAMPS 5. FLBXISLE TUBI$G, 

6. GRAPH PAPER, 7. IRON WIRE, 8. PLASTIC SYRINGE WITHOUT" 

PLUNGER AND WIrH NEEDLE ATrACBED, 9. LINK FOR WATER LEVEL READING. 
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Twa ml of 2% boric acid solution·-mixed 

with composjt:.e indicator was put in the inner chamber of 

dish. One ml of eiich of SR£e::nd 7satura:t:ed sodium carbonate 

was put in opposite direction in outer chiiwber of dish. 

Dish was covered wi.th its lid and the contents of outer 

chamber was mixed by gently tilting. Care was taken so 

that the contents of both the chamber were not mixed. 

Dish was incubated at 37°C for one hour. The reledsed 

ammonia was absorbed in boric acid. The contents of the 

inner chamber were titrated against O.OIN H
2

S0
4

" blank 

sample was also kept simultaneously. Ammonia-N concen-

tration was calculated as per following formula: 

Ammonia-N 
(mg/l00ml SRL) 

Volume of O.D1N H
2
so

4
used 

x O. 14 x 100 

Vol ume of SRL 

Microbial protein was precipitated by tungstic 

acid (Shultz and Shultz; 1970) and dissolved in O. III NaOH 

t.o make up volume 100 ml. The concentration oE mic7;obial 

protein WaS estimated according to Lowery et 0.1. (1951) bl} 

preparing standard curve (Fig 3.2J. 

3.2.3.7 gounting of bacterial~pulation~ 

Ruminal bacteria population was counted accord-

ing to Gall et al. (1949) using nigrosin stain. 

The rumen liquor samples were diluted in dis-

tilled wat;:er so that there was about 10 to 40 microocgani-

3ms per field. This dilution usually was 1: 7000. A 1: 10 



Fig 3.2 : STANDARAD CURVE OF BSA 
CONCENTRATION (IN VITRO) 
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or 1: 100 dilut.ion was made first. and shaken vigorously 

for 3 minu.tes. Further dilutions were made from this and 

shaken by hand vigorously. 

lJ,f'ter shaking, 0.01 ml of the properly diluted 

sample was transferred by special Breed's pipette to the 

centre of the square em round area of the Breed's slide. 

The diluted sample was mixed with a 3 mm ]oopful of 

saturated methyl alcohol of water solution nigrosin and 

spread and the material in a thin film over the sq Ud re 

em area of Breed's slide~ This slide was dried quickly 

on a very hot electric plate. 

Usually it was best: to end by rocking the slide 

from side to side to effect; B very' even c'olou!: and to 

allow slight evaporat.ion, so. that there was not an excess 

of fluid when the slide is placed on t;he hot. plat.e. The 

plate was very hot and the slide touched the plate .at all 

points. Drying took 2 to 3 seconds at most and the slide 

was then removed from the bot plate. 

Excess fluid often causes uneven drying. Too 

much or too concentrated dye causes cra.cking, while too 

slow drying cOIuses a large grea of shripkage. An uneven 

plate cau.ses ridges of dye and any foreign particle causes 

an unstained area which tends to be round. 

Before counting, a survey of the. slide was made 

to see that no part of the slide is unrepresentative. Then 

10 f"ields from all parts of the slide were counted. The 

bacteria appeared wbite against a black background ( while 

debris takes the darker colour and was not. confused with 
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the bact.eria. There was a narrow zone of shrinkage near 

the border. This had a slightly lower count than the rest 

of the slide, but: the inclusion of field from th i 5 

area in 10 fields helped for correct representation. Chains 

or pairs were counted as one. AnV field having much debris 

or a large light area was discarded. The total microbial 

count was calculated by multiplying the average of fields 

with the factor obtained by calibrating the microscope 

(microscopic factor) with a certain set of oculars. 

Calculation of microscopic factor: 

(i) Diameter of the mi CToscopic field was 

measured with a stage macrometer u.sing 1.8 rom objective 

and lOX eyepiece. 

(ii) Area of the field was calculated by the 

formula 2 
Ilr (Where ... 'r' is the radius of the field)~ 

(iii) Microscopic factor is the number of micro-

scopic fields per square centimeter (The area of the smear 

2 
1/ r ). 

Number DE 
bacteria/ml 

Dilution factor x· Microscopic factor x average 
number per field x 100 

Precaution: 

The first essential ~o ~his technique was an 

abSOlutely clean slide~ New slides were SOaked in ethyl 

alcohol for at least half an hour, removed with forceps 

and dried with quick long motions with an absolutely clean 

nnon_lintlyn towel. 
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3.2~4 Statis~ical analysis 

Sta t.istical analysis of the data was carried 

out: as per Snedecar and Cochran (1967 J. 

PHl!SE-XI 

3.3 IN VIVO BVALUATION OF PROBIOTIC 

Two microbes selected on the basis of in ~££ 

studies were evaluated through in vivo studies for the 

selection of best treatment. The microorganisms were 

:Jupplemented individually .;ind in combination with control. 

The following parameters were considered to select the 

best tre~tment out of three: 

(1) In vivo PM dnd CF degradability 

(il) Level of ammonia-N 

(iii) 'l'otal volatile rdtty acids 

(iv) proportion of volati)e fatty acid 

(v) Total microbial protein 

(v i) Lact i c acid con-centra tion 

(vii) Bacterial count 

(viii) Rumen volume and flow rate of 

liquid digesta 

Jw3~t Selection,feeding and management of 
experimental ~imals 

Twelve crossbred adult male animals of about 

1~ t.o 2>; ye[3.rs of age were ssIect.ed for in vivo studies. 
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The animals were operated upon to fix permanent Eistulae 

in the rumen. 

The particulars of the experimental animals and 

their distribution in different groups are given in Table 

3. 2. Thus twelve rumen fistula.ted animals were randomly 

divided into four groups of three anim.3]s each based on 

body weights. Animals in all treatment groups were fed 

ad lib (60:40 Green maize:concentrate, on DH basis). 

Group T 4 was control wi.th no supplementation of 

probiotic, however, the animals of group T
7

, group T
2

, 

and grot.1p T 3 were prey i ded wi tn !!." acidophi 1 us, 5.cerevi-- -----
siae and combination of both organisms, respectively.. The 

limiting microbial cells were supplemented @ 10
9 

cfu/kg 

of dry matter intake by the ~nimal. 

3~3~2 Dry matter and crude fibre degradabilitq 
by Nylon bag technique 

In vivo dry matt'er and crude fiber degradabi-

lity were estimated as per Orskov and McDonald (1979). 

3~3~Z~1 suspension and Removal of the Nglon bag~~ 

The ground samples fS-6g) of 60:40 wheat straw: 

concentrate (on DM basis ,Table 3.1) were put in each of 

r;-he nylon bag. These were tied properly with nylon thread 

to an iron chain piece of 20 to 25 em length and suspended 

in the rumen of .fistulated animals. Eac:h sample was placed 

~n eighteen nylon bags and tied with three iron chains 

each having 6 bags tied to it which ["ere then suspended 

in the rum!':>n of three animals to serve as replicat.es. 



Table 3.2 Distribution of rumen fistula ted adult animals 
int.o treatment groups 
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-------------------------------------------------~------------

Animal No. 

KS 3891 
KF 4942 
I{S 3880 

Mean:tS. E. 

KS 3893 
KS 3884 
KS 3889 

Mean.tS.S. 

KS 3923 
Xl! 4788 
KF 4943 

Mean:tS.5. 

Kl! 5004 
KS 3879 
KF" 4944 

Mean.tS. B. 

Individual body 
weight. (kg) 

Date of birtb 

GROUP-T - Without supplement 
(CONTRot, ) 

3 18 _ 0 

305.0 
J 2 7.0 

316.67;1;6.39 

1.0S.88 
4.05.88 

26.03.88 

GROUP-Tl - supplemented with 
~.acidophilus(I) 

396.0 
302.0 
290.0 

296. 00±3. 46 

27.0$.88 
8.04.88 

22.04.88 

GROUP-T2 - supplemented with 
~.£erevisiae (B) 

304.0 
292.0 
309.0 

301.67:t5.04 

8.10.88 
2.02.88 
6.05.88 

GROUP- T 3 - Suppl ement ed wi th 
combination of L.ac1dophilus(I) 
and ~.cereVisiae(B) 

288.0 
298.0 
306.0 

297 .. 33:t5. 21 

27.72.88 
24.03 .. 88 
11.05.BB 
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Nylon bags were taken out at 6, 12, 24 and 48 hours. The 

bags WeI€ wi1.shed thoroughly under running tap water until 

clear water was observed to be coming out of bags. These 

bags were dried to constcwt weight in 1.!he oven at 70
D
e. 

The bags were weighed after drying to determine DM reten-

tion at various hours. The contents of the bags were also 

analysed for crude fiber as per AOAC (1984). The percent 

disappearance of DM and CF from nylon bags at various 

hours Was calculated which was indicative of tbe rate of 

degradation. From the DM and CF disappearance data, effec-

tive degradability in the rumen was calculated at O.05%/h 

outflol" rate usin 9 following equation (Orskov and 

MCDonald, 1979): 

Where, 

hours, 

-Ct P = a + b(l-e ) 

P = Degradabilitg after 't' hours of 

incuba tlan, 

a = Ins~an~ly soluble fraction, 

b potentially degradable fraction, 

C "" Fraction .rate constant ,;1,1; f'/h,i.ch ~he frac-

tion r b' would be degraded per hour I and 

t ~ time (hours) 

Using DM and CF disappearance dat'a at eli fferent 

the values of , a' , , b ' and 'C' were calculated 

arithmatically using equation P == a + b 
-Ct 

(1-e ). 'Effec-

tive degradability was calculated at O.05%/h outflow rate 



using following equatioft: 

be 
a + ----C + K 

Where j , K r is the outflow rate 

Estimation of ammonia-Nitrogen(NH -N), Tota~ 
vola~ile fatty acids (TVF~) and tAeir proportions, 
microbial protein, lactic acid and bacterial counts 
in the rumen 

3~3~3~ t Sampling of rumen liquor~ 
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Rumen liquor was drawn from all animals after 

giving adaptability period of 1D days. It was considered 

that optimum rumeD environments will be attained wi thin 

tbi$ pc.riod. To minimise the load a.nd error ( each day 

samples were drawn only from 4 animals (one from each 

group) at 0, 2, 4, 6, 8, 10 and 12 h post feeding. On each 

animal the samples were drawn Eor three days. 

3~3~3.2 Estimation of ammonia-Nitrog en(NB3-N): 

As under section 3~3.5 

3.3.3.3 £stimation of Total volatile fatty acids (TVFA): 

As under section 3.1.3J. 

3.3~3.4 Rsti.at!on of pro£ortion of vola~ile 
!attg acids(VPAs): 

The TVFA were frdctioned on Nucon gas chroma-

tograph series 5500 fitted with dual flame ioniza~ion 

detector and a pair of stainless steel columns packed with 
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chromosorb 101 to serve as stationary phase. The pooled 

samples drawn at different hours were fractionated in 

triplicate and were prepared in accordance with the method 

of Ervin et al. (1961). For this 5 ml sample alongwith 

ml (20 percen t) metaphosphoric acid (p repared in 5N 

H
2

S0
4

) was kept overnight and centrifuged at 3500 to 4000 

~pm for 15 to 20 minutes. 

5 U pe r n at an t was collected in small vi als The 

and kept in the refrigerator (at 4°C) for analysis. A 

fixed volume of supernatant was injected in Nucon qas 

chromatograph series 5500. 

VFA was done as follows: 

The calculation of individual 

Area of the peak = ~ height ~ width 

3.3.3.5 Bstimation oE microbial ~rotein: 

As under Section J:~,3. 6 (Standard curve Fig 3.3). 

3.3.3.6 8s~imation of lactic ~cid concen~ration: 

The estima.tion of la.ctic acid was dO'ne as per 

the method of Barker and Summerson (1941). 

Reagents: 

I. 

.rr. 

1 all; sodium tungstate solution: 1 aog' of sodium 

tungstate 

dissol ved 

(reagent grade and . carbonate 

in water and diluted ~o one 

Solution was st~ble indefinitely. 

free) 

litre. 

O.66J,' H
2

S0
4 

solution: 19,5 ml concentrated H
2

S0
4 

was added in water and diluted to one litre and 



Fig 3.3 : STANDARAD CURVE OF BSA 
CONCENTRATION (IN VIVO) 
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II I. 

IV. 

v. 

VI. 

VII. 

VIII. 

IX. 
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standardised it with alkali. 

solution: was added 

in about 500 rnl wa ter, heated to dissolve, 

cooled and diluted to one lit.re (stable indefi-

nitely). 

4% CUS0 4 solution: 200 ml of reagent I. Diluted to 

1 litre wit.h water and mixed. 

Calcium hydroxide: {Ca(OH}2} power (A.R.grade). 

p-hydroxydiphenyl reagent.: 1.5g p-hydroxydiphe-

nyl added in 10 ml of 5% NaOH solution and 

about 10 ml of water. It was warmed wi th 

constant stirring to dissolVe. It was diluted 

to 100 ml with water and stored in a brown 

bottle. 

Standard lactic acid solutiop: O.213g of dry 

lithium lactate (A.R grade) was dissolved in 

about 100 ml of water in a volumetric flask (1 

litre). ml or concentrate H2S0 4 

added to it and diluted to the mark with water. 

About was 

This solution contained 1 mg of lactic. acid in5 

ml and was stahle for an indefinite period~ 

if kept in refrigerator. 

Working standard lactic acid 50lution: Diluted 

I:he 5 ml of stock standard to 100 ml wit.": water 

and mixed. This solu~ion contained O.Olmg of 
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~actic acid per millilitre. Prepared the fresh 

standard solution at the time of analysis. 

Procedure: ------

I. Preparation of protein free filtrate: ml 

of strained rumen liquor ( SRL) was taken in 10 ml 

graduated cerrt.rifuge tube in dupli.cate. To it 7 mi of 

water, ml of! 10% sodium tungstate and ml of 0.6 6N 

H
2

S0
4 

was added. Shaked thoroughly and allowed to stand 

for 15 minutes. Centrifuged the contents at 3000 rpm for 

~5 minutes. 

II. 2ml of protein free filtrate was taken in 

10 ml graduated centrifuge tuhe. 

III. 5 m1 of standard lactic acid solution (No.IX) 

was taken ,j.n another centrifuge tube. 

IV. Ir. yet another tube a little water (blank) 

was tdken. 

v. ?Prl of 2(-'% CUS0
4 

solution was added to each 

tube and made the volume to 10 ml. 19 of Ca{OH)] 'power 

was added to each tube, put stopper and was shaken 

vigorously until the solids were uniformly disappeared. 

VI. Allowed ~o stand for 90 minutes wit~ repeated 

shaking (at least once) in between. 

VII. The contents were centrifuged' at 3000 rpm 

for 10 minutes and transferred ml of supernatant from 

each tube(in duplicate) to clean and dry wide test t~bes. 



62 

VIIl". O.05ml of 4% CUS0
4 

solution was added to each 

tube, followed by 6.1 of concentrate H 250 4 (through 

burette) drop by dr.op with continuous mixing of the 

contents. ( The tube con ten ts became hot; it ;,'a 5 not 

llecessary to cool the tubes). 

IX. Placed the tubes upright in boiling Yater 

for five minutes, then transferred the tubes to cold ~ater 

o (preferably running and cooled to 20 C or below). 

x. AE~er cooling the contents, 0. 1'1 

p-hr;droxydiphenyl reagent was added drop by drop to each 

tube (lower tip of pipette should not touch t.he wall of 

the tube). Mixed the re(J.gent throughout the solutio."] dS 

quickly and uniformly as possible by using test tube 

shaker. 

XI. Placed the tubes in a waterbath at 30
D

e for 

30 minutes or longer. Shaked the tubes during this period 

(at least once). 

XII. The tubes were kept in vigorously boiling 

water eor exaccly 90 seconds, removed and cooled in cold. 

water to room temperature. 

XIII. Recorded the optical density at 560 nm by 

setting the photometer at :zero wi th blank. 

Calculations: 

tactic acid 
(g/100ml or 
rumen liquor) 

a. D. of 
unknown 
sample 
------- xO.005x50xl00x10 x~~~ a.D. of 1000 
standard 
sample 



3_3~3_7 Counting of bacterial po~la~ion: 

As under section 3,.:(3.7 

3_3_3~B Rumen volume aDd flow race 
of liquid digesta 
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Rumen volume and flow rate of liquid digesta were 

mea s ured using Polyethylene glycol (PEG) according to 

method described by Smith (1959). 

(i) Collection of' rumen liguo", vuring rumen volume and 

flow rate estimation, a sample of rumen liquor was collec-

ted prior to feeding arid taken as zero hour collection. 

Then 1-00 ml of 25% PEG solution was infused in to the 

rumen. For better mixing of PEC, the rumen contents were 

;agi~ated manuall!! b~ insertinv an arm in the rumen and 

one hour was a.llowed as the mixing time of PEG in the 

rumen (Smitb, 1959). The samples cf rumen liquor were 

collected through especially made stainless steel prObes 

having large number of small holes drilled in them and 

covered with fine nylon cloth. These probes were placed 

at four different sites in the rumen so as to get a repre-

sent:ative sample of rUmen liquor. About: 100 ml of rumen 

liquor was collected at 0 1 1,2,3,4,6 and 8 hours inter-

val in platic bottles containing 0.2 ml of 10N H2 S0 4 to 

stop microbial activitg~ 

The samples oE rumen liquor were analysed for 

PEG concentration by the method of Smith (1959). 
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(a) znS0
4 

soLution (5% w/v) 

(b) O.3N Ba(OH)2 solution (4.7325g of 8a(OH)2 

was dissolved in 70 ml of hot distilled water and the 

volume was made to 100 ml). 

(e) Eael
2 

solution (10% w/v) 

fd) Trichloroacetic acid(TCA) - BaCl solution: -------2----------
TeA (75.0g) and Edel

2 
(14~75g) WEre dissolved 

separately into two beakers containing 100 ml distilled 

water eacil. The solutions were transferred to 250 ml volu-

metric flask and the volume was made upto the mark. This 

gove the" concentr;;Jt.ion 30% and 5.9% ow/v for TCA .;Ind BaCl Z 

respectively_ The mixture was kept overnight and filtered 

before being used. 

(iii) Standard curve.. Seven test tubes marked B( Blank) r 

1, 2, 3, 4, 5 and 6 were taken. One ml of 5RL collected 

at zero hour was taken in all test tub~s except blank. 

To it 0, 1, 2, 3, 4, 5 and (5 ml of PEG solution 

(Ig/IOO ml of distilled lola ter ) was added .. In each test 

tube 2 ml of 0.3N Ba(on)2 and 5% znso
4 

solution was added. 

To each test tube 0_5 ml of 10% Bael
2 

solu'tion w.as added 

and the volume made to 10 ml in all test tubes. 

The contents of the above test -tubes were t.."ell 

mixed and centrifuged at 3000 rpm for 30 minutes. Prom 

the supernatent, 2 ml of filterate was taken and 5 ml of 

TCA-BaG1
2 

solution and 3 ml of distilled water was added 
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,';'0 make tbe volume to 10 ml~ The tubes were left ey.actl y 

for 30 minutes for the development of turbidity and O. D. 

readings were taken in digital spectrophotometer at 540 

nm Wave length. A standard curve was drawn for different 

concentrations of PSG against OD re<"!ding (Pig 3.4). 

riv}.calculation of PEG concentration 
~samples of rumen 1iqU2£: 

Following the procedure of standard curve prepara-

'ti.on~ the concentration of PEG in the rumen liquor 

samples collected at different intervals was calculated 

from the O.iD~ obtained by taking one ml rumen liquor 

instead of standard solution. The value or PEG concen-

trations against time interval of collection, 1. e., 1, 

2, 3, 4, 6 and 8 hours were plotted on C!I graph papf'!r and 

PEG concentration at zero hour was extrapolated. 

(v) Rumen volume determination: Rumen volume was calcu-

lated at the time of infusion of peG into the rumen by 

making use of th~ following equation: 

Rumen volume (ml) = b/AO 

,,'here r 

'b' is the quanti ty of PEG infused into "the 

rumen. 

'AD' is the zero hour PEG concentration (mg/ml 

01 SRL)~ 



Fig 3.4 : STANDARAD CURVE OF PEG 
CONCENTRATION 
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(vi) Rumen fluid flow rate determination: The ruminal 

fluid flow rate (litres/day) was calculated from the 

values of rumina] vOlume, and exponential decline in PEG 

concentration by using the following eguation: 

Flow rate(litres/day) =Rumen volume x b x 1440 

Where, 

b is the exponential decline in the concentra-

tion of PEG~ 

3~3~4 Statistical analgsis 

Statistical analysis of the data was carried out 

as per Snedecar and Cochran {1967J. 

PHASB-III 

3~' 4 RESPONSE OF PROBIO'l'IC SUPPLEMENT ON THE GROWTH 
OP PRE-RUMINANT llNDI:OST-RUMINANT CALVES 

selected probiotic on t.he performance of in vivo 

studies was supplemen'ted in the ration of pre- ruminant 

and post-ruminant calves @ 10
9 

cfulk.g of DM intake. The 

growth and incidence of diarrhoea was observed. 

3.4_1 Selection o~e-rdminant animals 

Twenty healthy crossbred ( Holstein Friesian 

Tharparkar) calves of both sex at the age of 6 days were 

sel ected from the calf section of Cattle Yard r NDRI. 

Karnal. 
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3~' 4 .. 2 Selection of post-ruminant animal~ 

Twenty healthy crossbred (HoI stein Friesian x 

Tharparkar) female calves at the age of 4 to 6 months were 

selected from calf section of Cattle Yard, NDRI, Karna.L 

3~4.3 Allotment of animals into gr~ups 

Both types of animals were ailated randomly into 

two groups 'of ten animals each in a randomised block deSign 

(two groups fOJ: p,I;e-ruminant and .two groups tor post- I:.1mi-

nant animals). While selec:ting the animals due care was 

taken to minimise the experimental error by narrowinq the 

range of their age dnd live weigilts. as far as possible. 

In pre-ruminant animals care was tak-en to equalise the 

sex in both groups. Tile particulars of both types of 

<lnimals and their distribution to different groups are 

given in Tables 3 .. 3 and 3_ 4 .. 

Both type of animals were kept in loose hOllsing 

system followed at Cattle Yard, NDRI, Karnal. Ho;wever, 

post-rul'!'linant animals were also individually fed for two 

months after the metabolism trial. 

For both types of animals all the times clean 

and fresh drinking water was available ad lib. When the 

animals were individually fed, fresh clean tap water was 



Table 3.3 Distribution of pre-ruminant crossbred (Holstein­
Friesian x Tharparkar) calves for qrowth study 

Anima 1 
No. 

Sex Date of 
birth 

GROUP-I 

Ini1:ial body 
weight(kg) 

(Supplemented with ~.servisiae(B)+~.acidophilus(I) 

KF 5343 Male 6.11.91 33.0 
KF 5344 Male 10.11.91 36.0 

KF 5345 Male 15.11.91 30.0 
KF 5341 Female 15. 11~fJ1 22.0 
KE' S346 MaJ.e 22.11.91 29.0 
KF 5347 Male 27.11.91 3 O. 0 
KF 5345 Female , . 12. 9 1 34.0 
KF 5347 Female '5. 12. 9 1 37.0 
KF 5349 Female 2' . 12. 91 25.0 
/<,'F 5350 Female 2 '. 12 .. 91 35. 0 

Mean i S.E. 31.1:tl.53 

GROUP-II 
Without supplement 

(CONTROL) 

KF 5342 Female 17.11.91 29.0 
KF 5343 Female 18.11.91 22.0 
KF 5344 Female 22.11.91 28.0 
KF 5348 Male 30.11.91 27.0 
KF 534H Female 72.12.91 30.0 
j~ f' 5349 Male 13.12.91 44.0 
KF 5348 Female 19.12 .. 91 29.0 
KF 5352 Male 23.12.91 33.0 
KF 5353 Nale 24.12 .. 91 28.0 
KF 5354 Male 24.12.91 32.0 

Mean of S. E. 30.21:1,80 
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Table 3.4 Distribution of post-ruminant crossbred(Holstein­
rriesian x Tharparkar) calves(female) for growth 
and metabolism trial 
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Animal No. Date of birth Initial body weightfkg) 

GROUP - I 
(Supplemented with ~.~~isi~(B}+~.acidophilus(I) 

J:F 5306 26.06.91 9 o. a 
KF 5307 7.07.91 9 7 _ 0 

KF 5310 17 .. 07.91 97.0 
KF 5311 19 .. 07.91 90.0 
KF 53 72 23.V7.91 79.0 
KF 5] 14 1.08.91 78. 0 
KF 5318 7.08.91 84.0 
~. ~. 53 19 9.08.91 78.0 
KF 5320 12.08.91 8 1. 0 
KF 5327 28.08.91 63. 0 

Mean " So B. 83 .. 1J:3.03 

GROUP - II 
(CONTROL)' 

KF 5309 13.07.91 86 .. 0 
KF 5315 3.08.91 75.0 
KF 53 16 4.08.'91 80.0 
YF 53 17 6.08.91 91.0 
KF 5322 20.08.91 81 .. 0 
XF 5323 25.08.91 82.0 
KF 5325 27.08.91 81.0 
KF 5328 3.09,91 83 .. 0 
I: f 5329 12.09'.91 87.0 
KF 5330 12.09.91 83.0 

Mean • S.E. 82.9.:tl .. 3? 
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given ad ill to all t.he animals two times a day, i.e_ 

10 A.M. and 4 P.M. 

3.~.6~ 1 Feeding of Pre-ruminant animals: 

The calves were fed whole milklseparate~ mil~! 

concentrate mixture as per schedule given in Table 3.5 

and were ofto?xed green fodder ad lib. All the animals !,;ere 

having free access to W'at.er. 

In the treatment group probiotic supplement was 

well mixed in the whole milk of ten ,3nima].s. The feeding 

schedule 

Karnal. 

was same as fol lowed at Cattle 

3~4~6.2 Feeding of post-ruminant animals: 

During group feeding, each aay 

Yare, lIDR 1 ~ 

quantity of 

probiotic needed for the animals was added in small amount 

of concentrate (approx .. kg). This amount was well mixed 

in whole concentrate (Table 3.6 ) offered to. t rea tmen t 

group_ The nutrients requirement was met from green fodder 

(Berseem, maize, sorghum and oats), dry roughage {wheat 

straw} and concentrate (1 .. 5kg/dlhead) as per NRC (1984) 

standard. During indi vidual feeding each day probiotic 

supplementation was made for individual animals in small 

amount of concentrate (approx.' 250g).:. This concentrate 

was fed in the morning before offering tbe remaining 

concentrate and fodder. 



Table 3.5 Feeding schedule of pre-ruminant calves 

Bod. y 
weight 

(kg) 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-55 

56-60 

6 1-65 

66-70 

"1 1-75 

76-80 

111-85 

86-90 

Whole m.ilk 
(1/15t;h of body 

weight) 
(kg) 

I • 5 

2.0 

2. , 

2.5 

3.0 

3.5 

3.5 

4.0 

4. 5 

4. 5 

5.0 

5.0 

5. 5 

6.0 

Skim milk 
(1!2SthoE 
body weight) 

(kg) 

1. 0 

I. 5 

1 a 5 

I • 5 

2. 0 

2.0 

2.0 

2. 5 

3.0 

3.0 

3.0 

3.0 

3.5 

3.5 

Concen­
tJ:"ate 

(kg) 

o ~ 12 

O. 12 

O. 12 

O. 1 2 

o a 12 

O. 12 

O. 12 

0_ 12 

O. 12 

O. 12 

O. 12 

O. 1 2 

0 .. 12 

O. 12 

Green 
fodder 

(kg) 

ad lib 

ad lib 

ad li..!!. 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 

ad lib 
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Table 3.6 Composition of concentrate offered to the 
crossbred calves at pre- and post-ruminant 
age' 
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--------------------------------------------------------------

Ingredients Parts 
(kg) 

CP 
( kg) 

TDN 
(kg) 

--------------------------------------------------------------

Groundnut cake 10 4. 5 7.1 

Soybean cake 10 4.5 7.0 

Mustard cake 6 3.7 7.0 

Cottonseed cake 5 3. 7 70 

Maize 20 1. 0 8.4 

Barl ey 10 1. 0 B.O 

Wheat bran 30 1. 4 6.5 

Molasses 6 0.4 5.5 

Mineral mixt ure 2 0.0 00 

Common salt 1 0.0 0.0 

--------------------------------------------------------------
Total 100 20. 2 56 .. 5 
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3.4.7 Weighing of the animals 

The animals were weighed at fortnight intervals 

on a weighing bridge and also before and after the metabo-

lism triaL Each time an average of weighing on two conse-

cutive days was considered. W-eighing w.as always done in 

the mO.t'nin"g before offering tbe feed or water. The growth 

rate of the animals was determined from the change in body 

weigh ts. 

Every day a strict and regular vigilance on pre­

rUmina(lt calves was kept to Observe' symptoms of diarr-

hoea. A loose and watery faeces was considered to be a 

diarrhoea concU tion. Incidence of diarrhoea was recor-

ded in number of days in the diarrhoea condition of each 

calve, 

3.4.9 Statistical anal~sls 

Statistical analysis of the data was carried out 

as per Snedecor and Coc:hran ('967). 
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PHASE-IV 

3.5 EFFECT OF PROBIOTICS ON FEED UTILIZATION 

To determinethe effect of probiotic supplemen-

tation on N-balance, digestibility and intake of nutrients 

a conventional metabolism trial was conducted on all the 

twenty post-ruminant animals, two months prior to end of 

growth experiment. Animals were given two days adapta-

bility to the environments of metabolism shed with 5 days 

of collection period. The animals were weighed on two 

consecutive days before offering feed and water prior and 

at the end of metabolism trial. 

3.5~ 1 collection of feed, faeces 
~~rine sampl~ 

samples of feed offered and left over were collec-

ted each morning for DM estimation and chemical analysis. 

The ii.7IOunts of faeces and urine voided by the 

experimental a:?:imals during 24 hours were recorded each 

day in the morning. A composite sample ot dung and urine 

ot each animal was carried in separate bottle to'the labo-

ratory every day tor ali quoting. 

3.5.2 Aliq~oting at dung and urine 

For estimation of nitrogen, 1/200 aliquot ot the 

i:otal dung voided each day was preserved with 2S percent 
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H
2

S0
4 

in pre~l.,eighed plastic bottles. At the end of collection period, the 

bottles were again weighed, the mixed thoroughly and 2 9 sample was tak.en 

for diges tion. For dry matter, proximate and Van Soest principles, the dung 

samples were dried daily at 100"C in the oven and pooled for 5 days for eaelJ 

animal. At the end of collection period, the dried pooled dung samples were 

ground in a Willey mill for estimation of proximate principles and cell wall 

components. 

Similarly tor determining nitrogen in urine 1/300 part of total 

urine of individual animals was taken daily and pooled for five days in glass 

bottles containing 30 ml of 25 percent ff
2

SO 4" The nitrogen estimation I'IdS 

done hI) taking a known quantity of sample trem each bottle separately and 

digesting it with concentrate H
2

SO
4 

and digestion mixture. 

3.5.3 Analvtical Procedures 

The samples of ml?tabolism trial were analysed for proximate 

principles according to AOAC (1984) and for fibrous constituents (NDF, ADF) 

according to Goering and Van Soest (1970) methods. 

3.5.3. 1 Estimation or Proximate Principles of feeds anr.l dung samples: 

Samples of feed and dung were analysed for proximate principles as 

described in AOAC (7984). 

3.5.3.7.1 Moisture: ;, known quantity of the sample was taken in a moisture 

cup .;I:nd dried overnight in oven at 95 to 7PO"C. Loss in weight after drying 

gave the moisture content. 

3.5.3.1.2 Total Ash: 4 to 5 g of sample was taken in a China crucib-le and 

ignited in a Muffle furnace at 600"C for an hour. The increase in weight 

of China crucible over empty weight was taken as total ash and expressed 

percent of the sample. 
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Kjeldahl method of nitrogen estimation was 

followed. A weighed quantity of the sample was digested 

in the Kjeldahl flask with concentrate sulphuric acid in 

the presence of small quantity of digestion mixture 

(sodium sulphate and copper sulphate in the ratio of 

10: 7). After digestion, the contents were cooled and 

transferred to 700 ml volumetric flask and total volume 

made up with distilled water. A 5 ml of Bliquot was trans-

fer red to a micro-Kjeldahl apparatus and sufficient amount 

of 40 percent NaOH solution added to make the contents 

a.lkaline. The distillate was collected in a conical flask 

cont:ain~n9 10 ml of 2 percent boric acid with mixed 

Toshiro's indicator (80 mg methyl red + 20 mg methylene 

blue in 100 ml ethanol and 10 ml of it added to litre 

of 2 percent boric acid solution). The distillate was 

titrated against standard 0.01N H
2

S0
4

, The crude protein 

content in tbe sample was calculated by multiplying tbe 

nitrogen content with 6,25. 

Crude protein 
content (% DM t:: 

~lasis ) 

volume of 0'. 1N H
2
S0

4 
usea x 0.00014 x 20 

x 1 0 0 x 6. 205c:c;::;;-,,-;-::-;:;::::-:o 
~ry matter~eightin the samp~ta~---

3.S.3.1_4 Bther Bxtrac~:-

A known quantity of ground and dried sample was 

taken in a Whatman thimble and extracted tor 10h with 

petroleum ether (40_60 o C) in Soxhlet apparatus having a 
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pre-weighed round bottom flask. The flask containing t.he 

ether extract was cooled aft.er removal of excess of ether 

and re-weighed. Difference in weight gave the amount of 

ether extract in the sample and he same was expressed on 

percent basis. 

Samples after ether extraction WEre transferred 

to d spoutless beaker (1000 ml). To this, 175 ml of dis­

tiled water and 25 ml ot 10 percent H
2

S0
4 

WEre adried (to 

make it 1.25 % soLution) and the contents boiled on a hot 

plate for 30 minutes. The sample was fiLtered on double 

layer of muslin cloth and again transferred to 1000 ml 

spoutless beaker and treated' similarl!} with 1.25 percent 

NaOR sol;...tioTl. The residue after acid and alkali treat­

ments were transferred quantitatively to a China cr~cible, 

dried, weighed and ig~ited in a Muffle furnace at 600°C 

for one hour. Loss in weight after ignition was calcula­

ted as crude fibre and expressed On percent basis. 

3.5.3.1.6 Nitrogen free extract:-

The ash, crude protein, ether extract a.nd crude 

fibre contents were added up and subtracted from 100 to 

give NFE content in the sample. 

3.5.3.1.7 organic matter:-

It was determined by subtracting the ash content 

from 100. 
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3.5.3~2 Estimation of cell wall cDmponents: 

Samples of feeds dnd dung were analysed fCl~ cell 

wall compoTlen~s as per the method of Goering and V,",:lSoest 

(1970). 

preparation of various solutions used i~ the 

procedure was as followed: 

1. Sodium Lauryl sulphate 

2. Sthy~ene diamine tetra-acetic acid(BDTA) 

3. Sodium borate decahydrate 

4. Disodium hydrogen phosphate 

S. 2-Ethoxy e~hanol 

EDTA and sodium borate decabydrate 

30.90 9 

18.6ig 

6.8 1 9 

4.56g 

fO,OOml 

were put 

together in it large beaker, some distilled water added 

and the contents heated until dissolved. Sodium hydrogen 

phosphate was taken in another bea.ker and dissolved j,n 

distilled water by heating. Both the solutions were put 

together in a volumetric flask. Sodium Lauryl 

and etlloxl} ethanol we:re also added in the flask a.nd the 

final volume was made upto one litre with distilled water. 
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Procedure: -----

Approximately 19 sample was taken in a spoutless 

beaker. Hundred ml of neutral detergent solution, 2ml of 

decalin and O.5g of sodium sulphite were added and the 

contents boiled with retort condensors on a hot plate for 

exactly one hour. After boiling, the samples were filtered 

through a pre-weighed scintered glass crucible G 1 grade 

using a vacuum pump. The sample was washed with hot 

distilled fyater and acetone. The sample was dried 

overnight in an oven (100°C) and weighed. The NDF was 

calculated as follows: 

NDF (%)" 
B - A 

x 100 

Weight DE sample on DM basis 

Where, 

A Weight of empty crucible, and 

B Weight of crucible + cell-wall 

components 

3~S.3_2.2 Acid Detergent Fibre:-

Acid detergent solution was prepared by dissolv-

ing 20g Cetyl trimethyl ammonium bromide (CTAB) in one 

litre of IN H
2

S0
4 

(27 ml of H
2

S0
4 

GR grarj,e in one litre 

DE solution with distilled water). 
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After the determination of NDF, the con=ent of 

crucible was placed in the spout.less beaker. To this 100 

ml of acid detergent solution, 2 ml decalin and O.5g 

sodium sUlphite were added and the contents boiled with 

retort condensors on a hot plate tor one hour. After boil-

ing, the contents were filtered through the same crucible, 

the crucible and beaker thoroughly rinsed with hot 

distilled water to ensure complete shifting of contents 

to the crucible. The contents were washed with hot water 

and acetone, The sample was dried overnight in an oven 

(iOOOC) and weighed. The ADF was calculated as follows: 

ADF( %) 
(Wt.of cxucible+ADF) - (Wt. of empty crucib2e) x 100 

-------Weigh~e-;ample-o;-DM~asi5----------

St~tistical analysiS of the data was carried out 

as per Snedecar and Cochran (1967). 

-0-0-0-



CHllPT ER - IV 

PHASE - I 

IN VITRO RUMEN FERMBNTATION 

INFLUENCED BY THE SUPPLEMENTATION 

OF INDIVIDUAL MICROORGANISM 



PHASE - I ------

4. IN VITRO RUMEN FERMENTATION INFLUENCED BY THE ----- --------------------------------

4.1 RESULTS ------
A mixed feed of wheat straw and concentrate (60:40 

on DM ba.si.s, Ta.ble 3. 1) was used as substrate for in vitro -----
studies. The substrate was chemically ana).ysed for 

proximat~ principl~s. The analytical values were 9.49%, 

1.49%, 27. 12'J(" 11.98% and 49.47% for CPr EE, CF, ash and 

NFE, respectively. 



4.1.1, ~£!£ct~~£Pplementation 

on DM and ON degrada£il~~ 
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The subs~rat:e was ana.lysed for DM (Fig. 4.1) and 011 

(Fig. 4.2) disappeardDce after incubation with rumen liquor 

ana different microorganisms individually for 24 and 48 

hours (Table 4 _ 1). The DM degradabi.lity at 24 h inCUbation 

was 50.48, 5To02, 50.07, 49.47, 52.52, 55.57 and 49.30 per 

cent for T l' 

respectively. 

T
2

, T
3

, T
4

, T
5

, T6 and T7 treatment groups, 

DM degrddability in group supplemented with 

~'Eerevi5iae (8) seems to be higher (S5.57%) followed by 

the group supplemented with S. (522) (52.52%) 

when compared to other treatment gro~ps including control 

(49.30%). Howe-vex f in groups supplemented with strains' of 

~ !!1.£.E.!!!.9.2.!1.ll.!:!..!! (50. 07 aJl d 49. 4 7 %) an d ~.:.. 5!El!!..££!2.f.!!3..2.. (50. 48 

and 51.02%) r the DM degradability was comparable within the 

strains of individual organism. Whereas supplementation 

of L. !!..£i:!..£12hilus (I) (51.02%) seems to have comparatively 

higher DN degradability. DM degradabiliity (48h) ranged 

from 51.08 to 56.86 percent (Table 4.1). It was higher in 

the group sup~lemented with (H) (56.86%) 

followed by S.cerevisiae (522) (54.19%) than other groups 

including contrel (51.40%). It also appears {Tabl.e 4. 1) 

tha t groups supplemented with strains qf 

exhibited similar 

However, the iJM 

supplemented with 

DM degradability (57.0B%) 

degradability (48h) in 

strains 

2:.!.!l~rmophilus 

and (51.40%). 

the groups 

(52.34' and 
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Fig 4.1 : IN VITRO DM DEGRADABILITY OF 
FEED SUBSTRATE (WHEAT STRAW: CONe. 

60:40) 

DM DEGRADABILlTY (%) 

AT 48 Hours 

AT 24 Hours 

T2 T3 T4 T5 T6 T7 

TREATMENT GROUPS 

T'" £..acidophilus (R); T2T !:..acidophilus (IJi T
3

, ~.thermophi.lus (fiST); 
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S

' ~.cercvisiae (522); T
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, ~.cerevisiae (B); 

T 7' Control. 
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Fig 4.2 : IN VITRO OM DEGRADABILITY OF 
FEED SUBSTRATE (WHEAT STRAW: CONC. 

60:40) 

OM DEGRADABIUTY(%) 

AT 48 Hours 
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TREATMENT GROUPS 
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, 2..thermophilus (BST); 

T , S.thermcohilus (CH); T , S.cerevisiae (522); T
6

, S.cere~isj~e (B); 4 - 5 - _ 
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53.81% lofi;!. 5 not only different between the strains but also 

wJlen compared to control group. 

OM degradabilitw (24h) ranged from the lowest of 

51.69 percen t- in ;[·!~!~2E.~!.!.£! (eB) to the highest of 57.08 

percent in §...cerevisiae (B) supplemented group (Table 4.1) 

followed by Organic mat;ter 

degrddability in the lactic acid bacteria supplemented 

groups as well as §..c:...~!!.vis~ groups was different between 

the strains of each grollp. Same pattern was alsO observed 

at 48 hours o~ incubation. The OM degradability dclt.a (48h) 

were 53.16, 54.12, 53.32, 52.3'2, 55.17, 58.03 and 52.83 

respectively. 

Con -cen t ra t i on 
---~~ 

Data on TVFA levels on different treatmen~ groups 

and hours of incubation dre presented in Table 4.2 (Fig. 

4.3). TVFA concentration (24h) varied from the lowest in 

control group (6.03 meq/100 ml) to the highest in 

!§,..cerevisiae (8) supplemented group (8.96 meq/10D ml). The 

concentration of TVFA in the groups supplemented wi th 

strains of .§..thermophilus (6.56 and 6.5:3 meq/l00 mIl is 

similar but that of ~.~£idophilu~ (6.64 and 7.65 meq/100 

ml) is different, however, these values are higher compared 

to control (6.03 meq/fOO ml). TVFA concentration (48h) 

varied from the lowest in control group (7.59 meg/IOO mll 
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Fig 4.3 : IN VITRO TVFA CONCENTRATION ON 
FEED SUBSTRATE (WHEAT STRAW: CONe. 

60:40) 

CONCENTRATION OF TVFA(m eq/100 ml) 

AT 48 Hours 
2 

0 
AT 24 Hours 
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TREATMENT GROUPS 
T
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3
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T
4

, ~.tber.mophilus (CH); PSI ~.cerevisiae (522); T
6

, ~.cerevisiae (B); 

T
7

, Control. 
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'to be highest in S.c:erevisiae rB) supplemented group (10.89 

meg/100 mlJ. The concentration of TVFA in the groups 

supplemented with strains of §...th~£!!!£e.hi~~ (7.79 and 7.68 

meq/fOO ml) is similar but that of f.~!~££~L~~ (8.61 

and 9.45 meq/tOO ml) is diEferent~ however, the values of 

are higher compared to control (7.59 

meq/fOO ml). 

4.1.3 BfEe£t on in vitro microbial ~o~ulation 

Table 4.2 and Fig. 4.4 represent the microbial 

population during different hours and treatment groups. 

At 24 hours of incubation microbial counts (X were 

26.35, 32.-30, 18.25, .17.05, 36.70. and 12. 75 for 

T
2

, T
3

, T
4

, TS' T6 and T7 treatment" groups" respective'ly. 

The microbial counts were found higher in aJ.l groups as 

compared to control {12.7S x 10
7
;. However, it was the 

highest in group supplemented with ~.£~revi~~~ strain B 

(49,05. x 10
7

) followed by S.£~!:::!.siae strain 522 (36.70 ."( 

70
7 ), ~,acidophilus strain-I (32.30 x 

strain-R (26.35 x 10
7
), ~.thermoehilu=. strain-HST (18,25 x 

The count 

of §..therophilus stains on microbial population was lowest 

compared to other supplemented At 48 h of 

incubation the microbial counts 35.45, 34, 10, 

25.60, 24.55, 49.25, 77.00 and 15.98 for T" T
2

, T
J

, T
4

, 

and treatment groups, respectively. It was 

observed that microbial population increased in all groups 

.; t 48 h compared to 24 h incubation . Higher microbial 
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Fig 4.4 : IN VITRO MICROBIAL COUNTS ON 
FEED SUBSTRATE (WHEAT STRAW: CONC. 

60:40) 

MICROBIAL COUNTS (XI0 ) 
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, ~.thermophilus (fiST); 

T4, ~~tbeImophilus (eH); TS' ~.cerevisiae (522); T6 , ~.cerevisiae (B); 

T
7

, Control. 
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count was observed in the group supplemented witb 

S.cerevisiae strain-B. The groups supplemented with - --------
!:... !!£:!.. d 0 £~.L!.~ stra.ins (35.45 x 10' and 34. 10 x 10

7
) 

exhibited higher microbial counts compared to the strains , 
of ~.!t~E~_~philus (25.60 x 10 and 24.55 x 

Concentration 

The ammonia.-N at 24 and 48 h in different treatment 

groups are presented in Table 4.3 (Fig. 4.5 J • At 24 h 0;" 

. incubation ammonia-N level varied between the lowest for 

~.£~~i~ia~ strain B supplemented group (15.93 mg/l00 mll to 

the highest for control group (20.53 mg/100 mil. It was 

observed that levels of a.mmonia-N in groups supplemented 

with cultures of lactic acid 'producing bacteria ,did not 

differ with each other, the values ranged from 19.48 to 

20.48 mg/100 mi. At 48 h of incubation levels of NH
3

-N were 

higher in a.ll groups compared· to 24 h incubation period. 

The levels of ammonia-N we~e 22.05, 21.70, 23.63, 22.40~ 

'9.08, 16.45 and 23. 15 mg/ roo mi at 48 h incubation for T 
1 ' 

T
2

, T
3

, T
4

, T
5

, To and t:rea-tment g;roups respectively. 

The concentration of ammonia-N was found lower·,:it 24 and 

48 h incuba-tions in the groups suppl emen ted wi th cult ures 

of !i'E!!~~.:£.!.:£.~. 

The data of microbial protein at 24 and 48 h of 

incubation are presented in Table 4.3 (Fig. 4.6). The level 
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Fig 4.6 : IN VITRO MICROBIAL- N 
CONCENTRATION ON FEED SUBSTRATE 

(WHEAT STRAW: CONC. 60:40) 

CONCENTRATION OF MICROBIAL-N (g/kg DOM) 
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T , $.thermophl1us (CB); Te, S.cerevisiae (522); T6, S.cerevisiae (B); 
4 - ,.1 .- ~ 

T 7' Control. 
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of microbial protein-N g/kg of OM degraded were 42.35 r 

45.22, 40.11, 39.50 r 46.67, 48.75 and 38.91 for T,r T ,'T' 2 - J' 

and T 7 treatment groups, respective1 y. Letlel 

of microbial protein-N was highest in groups supplemented 

with §..£~£§..y"!:..~!:..§-.! (B) (1,8.75 g/kg OM digested) followed by 

2..£~visiae (522) (46.67 g/kg 011 digested). The level of 

microbial protein was found higher in all the other group~ 

compared to control. The cultures of lactic acid producing 

bar::ti!!ria showed less effect compared to yeast culture. At 

48 h incubation same trend was observed. The levels of 

microbial protein-N g/kg of OM degraded were 50.64, 56.09, 

49.81, 52.49, 55.47. 61.08 and 45.15 for T
l

, T
2

, T
3

, T
4

, 

T 5 , T6 ,- and T7 treatment groups respect.ively. 

Total gas production at 24 and 48 h incubation period 

in different groups are presented in Table 4.4 and 4.5 

respa:::tivellj (Fig. 4.7). Gas production (24h) varied between 

lowes~ in ~.£~isi~~ (BJ supplemented group (68.4 ml/q 

or substrate.} to the highest in (elf) 

supplemented group (83.7 ml/g of substrate). Total gas 

production at 24' h in §.. thermophilus strains supplemented 

groups were higher (82.9 and 83.7 ml) comparable to 

the control (83.2 ml/g substra te). However, on 

supplementation of !.. acido£hil~ there was decrease in gas 

production (76.5 and 75.0 ml/g). At 48 h of incubation 

average total gas production were 104.4" 100.1,- 112.5, 
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Fig 4.7 : IN VITRO GAS PRODUCTION ON 
FEED SUBSTRATE (WHEAT STRAW: CONe. 

. 60:40) 
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T4 , ~.thermophilus (CH); T5 , ~.cerevisiae (522); 1
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114.5, 97.11, 93. i and 110.8 ml/g of 5ubstrate (or T;, T
2

, 

and treatment groups respectively 

(Table 4. 5) • It was observed tha t lowest total gas 

production maintained in group supplements wi tIl 

mllg of substrate) and the 

highest was in group supplemented with 

strain. eH (114.5 ml/g of substrate) followed by 

strain eST (112.5 ml/g slJbstrate). 

Supplementation of both strains of and 

S.cerevisiae reduced the gas production. 

4.2 DISCUSSION --------
The results of the effects of in vitro rumen -----

fermentation influenced by suppl emen tati on of individual 

microorganisms are discussed on the basts of statistical 

analysis and available literature. 

4.2. 1 ~~£!~ £f suppLementation on DH and oM degradabilitR 

The statistical analysis revealed that the 

SQPpl emen tati on of both S.cerevisiae - ------- and 

strains significa.ntly (PLO.05)) increased the DM 

degradabaility at 24h incubation compared to control group. 

However, degradability also differed significantl.y (PI..O.05) 

between the species of these two cultures from each other. 

The DM deqradabilltg was higher in group supplemented with 

The difference between both strains of 

non-significant. SQPp-lementa t ion of 
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!!...!!2t!..£'!!..£E.hil!:!..~ did not show any effect between strains on 

DM degradation and the difference was non-significant 

compared to control group. Similarly, there was 

significant increase of DM degradability (48h) in groups 

supplemented wit.h both S.cerevisiac and !!... acidophilu$ 

strains compared to control group. However, addition of 

!!..·!~£fhi~ strain had no effect over control. 

OM degradability (24 11) was significantly higher in 

groups supplemented with both ~.~visiae and ~. acidophilus 

strains compared to control group. The strains of 

!!...£££~£~ increased the DM degradabilitr; to a higher level 

than strains of However, strains of 

!!...!~~!~£E~~!:!"~ have a non-significant effect compared to 

control group. Similarly OM degradability " t 48 h 

incubation was significantly enhanced in groups supplemented 

with to control 

group. The OM degradability (48 hi in S. cer.evisiCle - -------
supplemented groups were significantly higher than 

groups. Whereas both strains of 

!i'!?2.t!.£P-Qphi.!:.!!.~ did, not effect OM degTlHiClbility over control. 

II higher DM and OM degradability 'observed in this 

experiment by supplementation of ~'E~E~~i~£~~ corroborated 

to earlier reports (Gomez Alar.OIn et !!:..!:., 1987; ChCldemana and 

Offer 1990 and Dawson, 

to supplementation of 

cellulosse (Dawson et 

,990 I. Tbe improvemen t observed riu e 
' . .,//~ 

S.cerevisiae maybe due to higher 
1\ 

1987), hemicellulose {Glade and 
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Biesik, 1986; and Weidmmeier et 1987) or fiber 

degradability (Fi;dlon, fJ.nd Harte, 1987). Dawson et a1. (1987) 

observed 2 to 3 fold increase in cellulose degradation 

during first 96 hours of incubation. Dawson (1990) found 

that at least: four times more cellulose was degraded during 

'first 72 h of incubation with yeast cells. This short term 

stimulation of celulose degradation appears to be related 

to d decrease -jn the amount: of time required to initiate 

the digestion process (lag time). However. other workers 

observed a little or no effect on DM degradability due to 

differences in feed (Gray and Ryan, 1988; Dawson, 1989 and 

Williams~ 1989a) and strains of :2..£.~.£~is~!§.. (LeGrendre et 

~., 7957; Lassiter et ~:!.., 1958; Adams et !!..!:...' 1981 and 

Harrison et !!...:!.., 1988). 

4.2.2 Effe£.!.--!!!! ill vitro total volatile fatty acid (TVFA) 

TVFA concentration of substrate i.n all groups ranged 

from 6.03 to 8.96 and 7.59 to 10,89 meq/IOO ml at incubation 

period for 24 and 48 h respectively. The lower concentrCltion 

of TVFA observed in tbe present experiment might be due to 

wheat straw as a main component in the .substrate (60:%) or 

rumen liquor collected from the ard.mals fed similar ration. 

The concentration of TvrAs in all the treatment groups were 

significantly higher over control projecting Significantly 

higher va 1 ues on s. cerevisiae (B) supplemented group. - --------
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However, differences between both strains of §.. thermophilus 

and b.- acidophilus (R) was non -5 igni fican t. TVFj1 

concentration (48 h) was signi f'icantl y 'higher in groups 

supplemented with S.cerevisiae and f.~ophi~, however, 

groups supplemented with strains of 2..!hermDEl!~lE..~ were not: 

significntly different over the control group. The results 

oE the present investigation on supplementation cE 

~.£~~.!::isia:~ are 'in total agreement with the findings of 

earlier studies (Weidmeir et 1987 and Williams, 

1990a,.b). However,. other workers found a non-significnt. 

increase in TVFA concentration by supplementation of either 

!!...cerevisiae alone (Harrison et -a1., 1988 and Carro et !!..!:...' 

1992) or with 1990). A 

comparison of two leve1.s of! S.cerevisiae indicated that the 

effect on TVFA concentration was dose dependent ·(Williams, 

The response of supplement on TVFA 

dependent on <he composition DC diet. Several 

(DaWSOn Newman I 1988; Martin and Nisbot, 

is also 

authors 

1989 ",ad 

Chademana and kJffe:r~,. 1990) have reporte.d either small or 

no change in the ruinen fermentation pattern when animals are 

kept on forage' diet. Harrison et a1. (1988) also reported 

tha t ~.cerevisiae supplemen ta tion incr'eased . the' molar 

proportions of total isoacids. Weidemeier et 81. (1987 J 

found that <he acetate to propionate ratio remained 

unchanged when S.cerevisiae was included in the 
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dLet but there was a tendenc!I for the total pool of acetate 

to increase. However, majori~y of the reports suggested 

that addition of S. cerevisiae to either rumen fermenters 

or in vivo reduced the acetate to propionate ratio (Harrison 

et ~d., 1988; Newman and DaWson, 1988)). 

4.2.3 ~ff£ct_Q~ ~£ ~~!ro microbial pO~!~!iQ£ 

The microbial C'ounts (24 and 48 h) J4ere s:igni.ficantly 

higher in all groups over control showing highest count on 

At 24 h of incubation the 

differences between groups supplemented with ~.!!!§"!:!!!'Qe.!:!..ilT)S 

st -t'a...ins 'vere not signficant. 

microbial population 

supplemen ta tian 

multi.plication 

of 

during 

in all 

add:i.tional 

.incubation 

The reason for increased 

groups 

9-
10 

period. 

may 

ofu 

be due to 

and their 

But unusually 

hi<Jher microbial population in the group supplement-ed wi t:h 

~.£~££~is~~ may be due to higher ·proliferation rate of 

thi s mi crof lora Eor rapid incorpor.at i on of ammon i a -N in to 

microbial protein. This is also confirmed by a high level 

of microbial-N and a lower concEntration of ammonia-N on 

~.£~~visiae supplemented groups in the present studies. 

The results obtained in this experiment corrobor~te with 

the t ind ings or Weid1'lJej~ et a1. (1987), "arrison ~f al. 

(1988) and Dawson (1990). Dawson et al. (1990) observed 

that ;i.£erevisiae supplementation significantly increased 

the number of cellulolytic microorganism trom 5 to 40 times. 

In the present experiment also the increased concentration 

of mlcrobi~"fl population app&ars to be closely related to tile 
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presence of live yeast: in -tIle supplement., which l"a5 not 

observed in the con t r01 group. This stimulation 

microbial popu"la ion has been observed ;n hoth rumen 

stimulating Eerment;er cultures (Dawson and Newman, 1987) 

and in the rumen of dairy cattle (Weidemeier ~.!. al." 1987 and 

Harrison ~! !!.:!.'I 198B). 

concentration 

The level of ammonia-N 124 and 48 h) 

significantLY lower in groups supplemented with both strains 

oE S.cerevisiae. - -------- However, 

~.!~£~££~i!~~ did not effect ammonia-N concentration. It 

appears that reduced ammonia-N concentration might ha'le 

resulted due to its incorporation into microhidl-N. Thi.s 

has also resulted into higher level of microb;ial-N in the 

yeast supplemented groups. Ada1!1s et al (1981) observed a 

low level of ammonia-N (24.8 v.s 32.8 mg/l00 ml) !d'th the 

supplementation of S. cerevisiae. With a high concent.rate 

diet, Carro et .1. ( 1992) found that 

supplementation reduced the ammonia-N production by ;0 

percent. Similar results have been reported in vivo by 

Harrison et al. (1988), Newbold et g. (1990) and Chademana 

and Offer (1990) and in vitro by Dawson a.nd Newman (1988). 

However, Dawson ~! ala (1990) found that supplementation 

of S.cerev:J.siae along with !!..acidophiltls consistently 
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altered the relative concentration of ammonia in continuous 

cultures. 

Microbial protein level (24 and 48 hi were 

significantly higher in all groupS over control. However, 

the effect. of !i. thez; mophilu~ at 24 h incubation was similar 

between the two strains, tested in the experiment through 

the microbial-N significantly increased by ~.!~~!~£phi~~ 

(elf) aEter increasing the incubation period to 48 h. 

Group supplemented with S. cerevisiae (8) showed the 

highest m,icrobial protein level (24 and 48 h) .followed by 

2.£~evi~~ (522). The reason of higher microbial protein 
in all groups over control may be due to addit.ional microbial protein 
through culture supplementation and their proliferation 

during incubation period. But unusually higher level of 

microbial-N in groups supplemented with ~.£~y'£sia~ might 

be due to svnthesis of more microbial protein activated by 

supplement. This also confirmed by a h~gher level of 

microbial population with a lower ammonia concentration in 

the present investigation. Carro et ill. (1992) also found 

a lower level of ammonia with a higher ·microbial protein 

synthesis with S.cerevisiae supplementation in Rusitech. 

Williams et a1. (1990) itlso observed a higher non-ammonia 

nitrogen (NAN) at the duodenum in sheep with S.cerevisiae 
- ---------

supplementJ tion. 



surprisingly less gaS was produced in S.cerevisiae 

supplemented groups with a higher TV~A level. It appears 

that. supplementat:inn flf !i. £F!Tl"ttisiae suppressees the methane 

production, which need further confirmi~tion. "/illiams 

(1989a.) also observed a reduced methane production t-.·ith the 

supplementatio~ of ~.~~yisiae. Carro et !!.:!..(1992) also 

observed a lower methane on medi.um and low concentrate diet). 

Harrison et al. (1987) also observed a lower gas production 

(56.8 Vs 64.2ml) with the supplementation of S.cerevisiae. 

Mutsvangwa ~i 2.1· (1992) rep'arted .!Q l!.1.tr£ qas production in 

bulls receiving yeast culture was lower compared to control 

(PLO.05) and methane production was significantly (PLO.O 1) reduced aft'9r 

12 h incubation. They further reported that the increase in- level of 

propionate observed in vitro could have been the reason for the 

reduction in methane production. The production of propionate involves 

the utilization of metabolic hydrogen leading to the reduction in the 

syntbes i s of methane. This reason may be true in present investigation 

but require confirmation. 



Table 4.1 Effect of different p.cobiotics on .£.~ vitro Dr·: -:J.nd 
ON degradability of feed substrate (Wheat stra~: 

concentrate, 60:40) 

------------------------------------------------------------
Treatment DM degradabilit~ OM~~~~abi~i~~ 

24h 48h 24h 48 h 

.. _----------------------------------------------------------
(1/ ( 2 ) (3) ( 4 ) ( 5 ) 

------------------------------------------------------ ----

.\Jecin 1; S. E. 

.~1ean ;t S.B. 

Mean:t S.E. 

Mean 1; S.B .. 

50.01 5 1 • 6 1 

5 1.86 53.60 

49.95 51.78 

50.1152.37 

50.4S
bc 

52.34
b 

1;0.46 

50.37 

5 1. 11 

5 1. 5 5 

50.69 

49. 17 

48.68 

50.53 

5 1. 89 

:t 0.72 

49.28 

48. 72 

50.68 

49. 21 

.to.45 

53.05 

52.75 

54.68 

54.77 

53.Bf
C 

J:O,53 

50.82 

50.63 

5 1.48 

5 1. 37 

;t 0.21 

50.38 

5 1. 74 

5 1. 73 

5 1 • 7 B 

49.47
ab 

51.40 db 

:to.42 :to. 34 

52. U 1 

5).78 

52.94 

52. 27 

52.90
b 

:to.32 

53.98 

53.82 

53. 86 

54.09 

5J.94
C 

:to.06 

52.82 

52.61 

5 1.82 

5 1. 75 

52.25 ab 

:t 0.27 

5 1.84 

52.22 

51.80 

50.90 

:to. 28 

... . contd. 

53 . ,; ; 

53. 3? 

5 3 . .; 3 

52. ,; 1 

53.16
b 

~0.25 

54.68 

54.36 

53.03 

:to. 37 

53. 37 

52.46 

53. 9 1 

53.59 

5J.32
ab 

:to. 3 1 

52. 82 

52.66 

5 1. 47 

52. 34 

52.-32 d 

:to. 30 

95 



• ••• contd. Ta bl~ 4. 1 

(1) (2) ( 2 ) (3) (4) 

-------------------------------------------~---------- ------

53.02 53.51 55, 41 55. 77 

52.83 53. 11 55.36 54. 21 

52.78 55. 19 54, 41 55.43 

51.48 54.63 54. 71 55.26 

,'tean ± S.E. 52.52.2 54. 19
c 

54.9- 7
d 

55. 17
d 

:to.3S :1:0.46 :t:O.24 =C'.34 

55.39 56.71 56.63 5 7. 8 1 

TO 55.49 56.95 57. 28 57.29 

55. '3 56.63 57.43 58.86 

56. 27 57. 13 56.96 58. 17 

Mean " 5.E. 55. 57
e 56. eGG 57.Da

e 
58.03

e 

:1:0.25 :1:0. 11 :1:0. 78 .!. 0.33 

49.11) 5 1 . to 52,07 52.49 

T7 48.71 52.28 5 1. 48 53. 27 

50.23 5 0.39 52.49 .5 3. 49-

49.07 5 1 • 83 52.01 52. 08 

Mean " S. E. 49.30<1- 51.40
ab 

52.0l
a 

52.B3
ab 

" 0.33 ±O.42 :1:0.21 =0,33 

~~ b, c, d & e figures with different superscripts in the same column 
differ signifjcantly (PLO.OS). 

T l' £. acidophiltrs (R); T 2t f .. acidoph:ilus (I); T 3 t ~. thermophilus (HST J ; 

T4 , ~.thermophilus (eB); T5,~.cerevisiae (522); T
6

, ~.cerevisiae (8); 

T 7' Control. 

96 



Table 4.2 Effect of different probiotics on in vitro 
t~tal volatile fatty acids concentratI~-and 
microbial counts on feed substrate (Wheat 
straw:Concentrate, 60:40) 

97 

Teea tment s TVFA(meq/l00ml) 
---24h----48h 

Microbial cotlntsf% Iv'-

24h 4 Sh 

--------------------------------------~---------------------
11) (2) ( 3) (4) ( 5) 

6.45 8.30 24.8 34.0 

6.50 8.75 27.4 36.2 

6.60 8.45 28.0 36.2 

7.00 8.95 25.2 35.4 

Mean ;f S.B. 6.64
b 

B.61
b 

26.3S
c 

35.4S
c 

:to. 12 :!: O. 15 .:to. 79 ~O.52 

7.45 9.50 31.0 36. 8 

7.85 8.85 32.2 34.2 

7.60 9.90 32.0 31.8 

7. 70 9.55 34.0 33,6 

Mean :t S.B. 7.6S
c 

9.4S
t 

32.30
d 

34.10
c 

:to. DB :to.22 :to.62 • .1: 1. 03 

6.45 8.25 17. B 30.0 

6.30 7.50 19.2 22.6 

6.50 7.80 18. 2 25.4 

7.00 7.60 17. 8 24.4 

Mean .:t S.B. 6.56b 7.79 Oi 
18.2S

b 
25.60

b 

:to. 75 :to.l? :to.33 ;t 1 • 58 

6. 15 8.05 1 (j • 2 25 ... 8 

6.50 7. 30 16.8 26.2 

6. 85 7.55 18. 2 ' 2 1. 8 

6.60 7.80 17.0 24.4 

Mean .t S. B. 6.53
b 

7.6S a 1 7. 05 b 24.551;; 

± O. 15 :to. 16 :i:O.42 :to.99 

.• .. contd. 



.••. . contd. Table 4.2 

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) 

7.50 9.65 37.6 ':5.6 

7.60 9.60 35.4 .; B • 0 

8.00 9.70 36. 2 .; 7.6 

7. 75 10. 15 37.6 52.8 

Mean:tS.6. 7. 71
c 

9. 7a
c 

36. 70
e 

"""1.2S
d 

:to.t1 .:t O. 13 .zO.54 ~ T. 20 

B.75 10. 70 47.4 75 • 2 

8.95 10. 75 45.4 77.4 

T6 9. 10 10.95 5 1.2 77. 1/ 

9.05 1 1. 15 52. 2 78.0 

Mean± 5,:8, S.96
d 

10.89
a 49.05 f 77.00

e 
~, --

1;0, 08 ;to. 10 :1:1.60 :to.62 

6.47 7.48 12. 1 75. 0 

T, 
5.83 7.40 1 3. 5 .1 5. 9 

5.88 .80 12. 2 16. ; 

5. 97 7.67 13. 2 1 6. 5 

Mean , 5.13. 6.03
a 7.59 a 12.7S

a 
75.9S

a 

:to. 14 ±D,09 .to,35 :to.35 

a, b, c, d &. e figures with different superscripts _ in the same column 

differ significantly (PLO.OS). 

T , • f·acidophilus (R); T 
. 2, f·acidophilus (I) i Tj , ~. thermophilus (fiST) i 

T4, ~.thermophilus (eB); T5,~.cereVisiae 

T 7 I Control. 

(522); T 
6. ~.cerevisiae (E); 

98 



Table 4.3 Effect of different probiotics on in vi!E£ ammonia 
-nitrogen and microbial-nitrogen levels on feed 
substrate (Wheat straw:Concentrate, 60:40) 

Treatments NH -N 
3 

Microbia I-N 

-.i..'!!..g/100mlL_ LiL~_of O~_diR~ted 
24h 48h 24h 48 h 

(I) (2) (3) (4) (5) ------------------------------------------------------------
20.3 2 1. 7 40.99 48. 95 

19.6 21.0 42.35 5 0.30 

21.0 23. 1 43.72 5 1. 66 

2 1 • 0 22.4 42.35 5 1. 66 

Mean .:t S. E. 20.48
e 

22.0S
c 

42.35
C 

50.64
c 

.to.34 :to.45 :to.56 ±0.65 

18. 9 21.7 44.2 54.75 

T2 
19.6 2 1. 0 45.56 56.09 

20.3 23. 1 46.89 56.09 

79. 6 21.0 44.22 57.43 

Mean • S.E. 19.48 c 
21. 70

C 45.22
d 

56.09
E 

± 0.39 :to.49 :J:O.64 :to.55 

20.3 23. 1 4 1.50 48. 79 

2 1. 0 23. 1 38. 73 48. 79 

T3 18. 9 23.8 40. 11 50. 15 

20.3 24.5 4 a. II ,57.50 

Mean • S. E. 20. 13
c 

23.63
c 

4 a. lib 49.81
b 

:to. 44 :to.,34 .:1:0.57 :t O. 65 

20.3_ 2 1. 7 40.- 5 5 5 1. 1 T 

T4 
19. 6 22.4 37. 75 52.49 

20.3 24.5 40.55 53.88 

21.0 21.0 39. 15 52.49 

/>lean • S.E. 20.30
c 

22.40
c 39.50 b 

52.49d 

zO.29 :to.76 :t: -1 • 47 1:0.57 

•••• contd. 
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•••••• contd. Table 4.3 

( 1 ) ( 2 ) (3) ( 4 ) ( 5 ) 

18.2 18. 2 46.01 55. 79 

18. 2 18. 9 47.33 54. 49 

18.2 18. 9 44. 70 55. 79 

16. 1 20.3 48.64 5 5. 7~ 

!olean ;t S. E. 17.68
b 

19. 0 ab 
46.67

e 
55.47

e 

.iO.53 .to.44 1;0.85 .to.33 

16. t 16. 8 48. 12 6 i. 03 

16. 1 16. T 49.38 6 I. OJ 
T6 

16. 1 16. 1 48. 12 62.27 

15. 4 r 6.8 49.38 59. 78 

Mean • S. E. 15.93
a 

16.45
a 

48.75
f 

6 T. 03 g 

:to. 18 :to.20 :to.36 :to. 51 

19. 8 22.6 37.52 43.78 

27. a 21. 9 40.30 45. 15 

T7 2 0.3 24.8 37.52 46. 5 1 

2 7. 0 23. 3 40.30 4 5. 15 

Mean • S. S. 2D.53
C 

23.15
c 

38.91<3. 45. 15 • 

:to.29 :to.62 .:to. 80 :to.56 

------------------------------------------------------ ------
a, b, c, d & e figu.res with different superscripts in the same column 

differ significantly (PIO.OS), 

T

" 

f·acidophilus (R); T2 , f.acidophilus (I); T
3

, ~.thermophilus (HSTJ; 

T4 , §...tllermophilus (CH); Ts,§..cerevisiae (522); T
6

, !!..cerevisiae (B); 

T 7' Control. 

/00 



Table 4.4 Effect of different probiotics on in vi~£ gas production (ml/g substrate)(24h) 
on teed substrate (Wheat straw:Concentrate, 60:40) 

Treat­
ment 

Hours 

T bed 
1 Tabc 

2 
T cd 

3 ~ Tab 
5 

Ta 
6 T1 

------------------------------------------------------------------------------------------------
2 /3.6.%0.29 13.1±0.38 15.4:t0.45 15.6:1:0.52 12.2±0.24 72.:2=0.25 15. LtO. 10 

4 72.8:fO.32 11.8:t0.37 13.4=0.36 13.9:!:0.47 10.7:1:0.26 9.8rO.52 13.3±0.:26 

6 9.0:t0.31 9.0.1"0.28 9. O:!:O. 26 10.7:t0.46 7.8.1"0.29 7.9±0.32 10.1;1;0.45 

8 7.9.:£0.23 7.8:t0.40 B.6:tO.16 9,2:t0.27 7.7±0.21 7.4;1;0,05 8.7±0.06 

10 7.4:1:0.22 7.2:tO.31 8.2;1;0.24 8.2:t0.31 7.4:t0.23 6. 9±0. 29 8.2±0.06 

12 7.3:t0.08 7.1%0.20 7.6:tO.31 7.6±0.28 6.6:t0.21 6.6:t0.29 7.8=0.09 

16 6.7=0.26 6.9±0.23 7. 5±0. 15 6.71:0.29 6.5±0.20 6.2:tO.18 7.2:t0.17 

20 6.0±0.21 6.4±0.33 6.7:1:0.42 6.1±0.12 6.5±0.09 6.0±0.27 6.6:t0.18 

24 5.8±0.23 5.7:t0.25 6. 5:t0. 47 5. 7±0. 30 6.0leO.19 S.4:tO.05 6.2:tO.20 

b,,, ate. ut o( Qb " 0( 
Total 76.5 75.0 82.9 83.7 71.4 68.4 83.2 

------------------------------------------------------------------------------------------------
a, b, e, d S e flf)ures I"ith diff'C!!'ant nUp2L'5CL'ipt!; 1n the 
same row differ significantly (PIO.OS). 

T f ' !!.. • .:!£g~!!fl~~ 
~ . .E.!:!.!!E.!!!.£E.!!iiE-~ (If 5 T ) ; 

T 4 , ~·!£~£~££~fl~~ 
~.£~£~x!~~!! fB); 
T ~ _, . , . 

(R) ; 

(eH) ; 

T,2 ' !!.. !l£fi£e.!!i1.!:!..~ ( I ) ; T
3

, 

T 5 ' §. . £~£~~,L~l~~ (S22); T
6

, 

-a 



Table 4.5 Effect of different probiotics on in ~it££ gas production (mllg substrate)(48h) 
on feed substrate (Wheat straw:Concentrate l 60:40) 

-._----------------------------------------------------------------------------------------------
Treo!l:tments 

Bours 

Tbcd , 
LAR 

Td 
2b 

LIa c 

Td 
J 

STH
d 

T"b 
4 

STeHd 

TO 
5 

SC S22
ab 

TC 
6 

SC 13<3. 

Td 
7 

Control 

~--~------------------------------~-------------------------------------------------------------

2 

4 

6 

8 

10 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

Total 

13.4:tO.20 

13.3±O,40 

9.4:tO.21 

8.2±0.20 

7.8:1:.0.41 

6. 7±0. 29 

6.9±O.29 

6. 2±O. 10 

5.1±0.05 

S.2±0.11 

4.9:tO.19 

4.7:tO.21 

4.5:tO,08 

4.3±0.71 

3.81:0.22 

b,,{ 
104.4 

13.1±0.35 15.5:tO.40 

12.S.iO.24 14.S±O.18 

9.2:t0.47 9. 2±0. 16 

8.4±O.22 8.7±0.35 

7.6±O.22 B.O±O.22 

6,7±0.21 7.4:tO.04 

S.9:t0.31 6.7:£0.16 

S.3±0.08 6.7:1:0.26 

5.5:1:0.06 6.7±O.30 

S.5±O.1I 6.3±O.10 

S.3:tD.18 5.4±O.05 

4.5:1:0.15 5.5±O.24 

3.9:t0.19 4.8;£0.78 

3.4±0.07 3.9:tO.25 

3.3±O.04 3.8.iO.21 

'" (, ~ cI. 100.1 112.5 

15.0±0.30 

14.0±O.35 

9.8:1:0.30 

9. 4±O. 19 

B.DiO.24 

7.8±0.3S 

7.2±O.24 

5.8±0.30 

6. 4±O. 10 

5. 1:t0. 14 

S. 6±O. 09 

5.0±0.14 

4.7:1:0.13 

4,6±0.06 

4.1±O.27 

114.Sd. 

12.0±0.29 12.010.22 

11.3±0.32 10.S:tO.32 

8.4±0.31 7.6~0.27 

7.6±0.06 7.5±O.23 

7.3iO.09 7.2±0.29 

6. 3:tO. 10 6. 7:t0. 15 

6. J±O. 09 15. 2±'0. 10 

S.9±0.25 6.0±D.21 

5.5±O.37 5.3±0.10 

S.6±O.10 5.2.i0.2B 

4.9:1:0.28 4.6±0.10 

4.7±0.17 4.1:J:O.26 

4.1.r0.17 3.51:0.11 

3. 9±O. 20 3.6±0.18 

3.610.21 3.1±0.27 

aJ, /2{ 
97.4 ·93.1 

14.6:t.O.09 

13. 1=0.26 

9.710.17 

S.7±O.10 

8.0±0.19 

7.4±O.12 

7.1±0.07 

6.5=0.07 

6.2:t.0.10 

6.2=0.10 

5. 8:t:O. 16 

5.0:t:O.06 

4.4:0.02 

4.2:1:0.08 

3.9±O.11 

d 
110. 8 

------------------------------------------------------------------------------------------------
a, b ~ c, d & e figures with different .superscript.s in the same row a iffer 
significantly (PIO.OS). 

T " T
4

, 

T 
7, 

f.acidOphilus (R); T21 ~_acidophilus 
~.thermophilus (eB); T5,~.c~revisiae 

Control. 

(I); T~, s.thermophilus 
J -

(522) " T6 S. cereviside , -
(liST) ; 

(8) ; 

~ 

a 

" 



Table 4.6 St~t~stical analysis of differen~ par~meteIs of in vi~ra rumen ---- cermen ta tian·. 

Source of variation d.f. MSS 
-----~---------~--------------------------------------------------------

Between replicates 3 

Between treatments 6 

Between hours 

Error 39 

DM 
degrada­
bility 

1. 15 

36.30* 

45.64 

0.61 

Significant at 5% level. 

OM 
degrada­
hilit9 

0.52 

30.37* 

4.29. 

0.32 

TVFA 

Cone. 

2.44 

107.3611" 

390.28 

0.62 

Microbial 
counts 

1.97 

2162.97 

1379.07 

3.25 

NH -N 
3 

Cone. 

1.54 

36.76 

54.61 

0.69 

Microbial 
protein-N 

3.69 

153.45 

1366.41 

1.29 

'" C> 
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5. SUPPLEMENTATION OP LIVE MICROORGANISMS ON 

IN VIVO RUMEN FERMENTATION 

5.7 RESULTS 
---~ 

Out of the strains of Lactic acid producing bCicteria 

and yeast, one strain from each group, i.e. f..~£I!..£i~!:!.E 

(IJ and S.cerevisiae fB) was selected on the basis of 

observations obtained during in vi tro rumen fermentatjon. ----

These microorganisms were supplemented in the diets oE adult 

fistuldted male cattle. The supplementation 
"'. s 

made 

indi.vidually [!:..acidophilus (I) (T
f
), §...£~ievisi~~ (B) 



lOS 

and in combination (T 3) alongwith a group of control (T 4)] 

to Sfi.udy the effect on ruminal fermentation. On the 

performance of in vivo studies best supplement will be 

selected, which will further be used in growth experiments. 

Neasured and fitted values (Orskov and McDonald, 

1979) of DM disappearance in different treatment groups and 

incubation periods are presented in Table & Fig. 5, 7. At 6 h of 

post feeding DM degradability were 16.55, 10.2t: and 1,18 

percent higber in T3 (37.46%), T2 (35.43%) and Tl (32.52%) 

treatment groups, respectively as compared to control grouD 

(32.14%). At 12 h of incubation DM degradability were 

7. 2 1 and P.20 percent higher in T3 (47.37%), 

(45.48tj and (42.93%) 

over control group (42.42%). 

treatment groups, respectively 

This reduction' also persisted 

during 24 and 48 h DE incubations, DM degradability (24h) 

were 4.97, 2.49 and 0.26 percent higher in T3 (57.28%), T2 

(55.93%) (Ilnd (54.71%) treatment groups, respectively. 

At 48 h DM degradability was 5.24 and 3.40 percent higher 

in (64.53%) and T2 (63.S0%) treatment' groups respectively 

over control group (61.41%). However, DM degradability 

(48h) in treEltment group TT (60.86%) was slightly lower than 

control group. The supplementation of ~.£er~~i~i~~ (8) 

alone and with combination DE (I) 



Fig. 5.1 : DM DISAPPEARANCE OF SUBSTRATE 
AT DIFFERENT INCUBATION PERIODS AND 

PROBIOTIC SUPPLEMENTS 

% DlIl DISAPPEARANCE 
70,·--------------------------~------------------------__, I 

60 

50 

40 

3041---------------.---------------.--------------~ 
6 12 24 48 

HOURS ---> 

~T-1 -+- T-2 --*- T-3 --e- T-.i 

'r
l

, L.a.cidophilus (1); 1'2' 5 ••. "ecevi::ii.ltJ (Ij); '1' , 1,.,.~:id{jl'iJi1lJ: ([) J S.Cfn:evisiiM fB) 
- - 3 - . 

T
4

, Control. 
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established increase in EM degradab.ilitY over 'the control 

group. But as the time advanced, the increment in DH 

degrddability was at a decreased rate. It a~sc seems that 

supplementation oE f.~£phi)us alone had little effect 

on DM degradability. Whereas addition of S.cerevisiae (8) 

showed a substantial effect ¥' and increased the DM 

degradability Qver S.cerevisiae supplementation alone upto 

48h. Differenees in DM degradabil.ity were wi.der tor 6 and 

12 h of incubations as compared to 24 and 48 h of 

incubations. 

The coefficients of "the PM degradability curves 

plotted according to the method of Orskov and MaDon~ld 

('979) are shown in Ta.ble 5. J. Intercept oE the degradation 

curve fa value) at Dh was higher in treatment group T
J 

(22.74) ~ollowed by T2 (21.15) over PI (15~39)- and Ttl 

(15.65) treatment -groups. The rate constant for the DM 

degradarion of the component with potential degradabillty 

(c value) was lower in T
j 

(0.069-3) and T
2
(o.0657J treatment 

groUpS oveX' Tl (0.0752) and T4 (0.0704) treatment groups~ 

effect.ive degradabi,l,itg at a flow rate of O~ 05 percent/hour 

was higber in X3 (47.97%) and T
2

(46.20%) treatment groups 

aver Tl (43.50%) and T
4

(43.40%) treatment groups. 

5.1.2 Fibre degradabi11t, 

Table & Fig.S.2 showed fiber degradability durin V different 



Fig. 5.2 : CF DISAPPEARANCE OF SUBSTRATE 
AT DIFFERENT INCUBATION PERIODS AND 

PROBIOTIC SUPPLEMENTS 

% CF nrSAPPEARANCE . 
30 

~ 
25 

20 .!Ii--

15+1----------------,----------------,--------------~ 
6 12 24 

HOURS ---> 

-T-1 -:+- T-2 -- T-3 --e- T-4 

T" ~.acidophilus (I); T
2

, S.cerevjsiae (B); T
3

, ~.acidophilus (I) + S.cerevisiae (E) 

T
4

, Control. 

48 
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hours and treatment groups. Fiber degradability (6h) was 

18.87, 14.98 and 2.28 percent higher in treatment groups 

T3 (23.88%) T2 (23.10%) and T, (20.55%) respectively over 

control group (20.09%). At 12 h of incubation Eiber 

degradability were 8.87, 2.84 and 1.44 percent higher in 

treatment groups 

respectivelg over 

(25.65%), T2 

control group 

(24.23%) and 

(23.56'). 

T
1

:(23.90%), 

At 24h of 

incubation the increase was 4.95, 3.34 and 0,86 percent in 

treatment grou.ps T3 (27.97%), T2 (27.54%) and T
1
(26.88%), 

respectively over control group (26.65.%). 

48h fiber degradability was 4.68, 

Similarly at 

1. 11 percent. 

higher in treatment groups T3 (29.94%), T2 (28.99%) and T1 

(28.92%), respectively over control group (28.60%). Similar 

pattern was followed fitt.ed fiber degradability 

calculated as per Orskov and McDonald (1979). Table 5.2 

clearly indicates a higher fiber ;·:degradation in treatment: 

groups supplemented with S.cerevisiae (B). Response was 

prominant after 6 to 12 h of incubations in S. cerevisiae 

(B) supplemented However, 

incubations fiber degradabilitf} was 

treatments. 

at 24 and 

comparable 

48h 

in 

oE 

all 

Table 5.3 describe the fiber degradation· rates in 

different treatment groups esti~ated as per orskov and 

McDonald (1979). Intercept of tbe degradation curve at Ob 

(a value) was higher in T) treatment group (21.29) fo].lowed 
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by T] (20.28) over treatment groups P, (14.43) and T4 

(14.53). The rate constant :for degradation. of the component 

with potential degradability (e value) were lower in 

treatment groups T2 (0.0535) and T3 (0.0484) as compared 

to treatment groups T1 (0,0837) and T4 (0.0814). Effective 

degradability at a flow rate of 0.05 percentlh was higher 

in (26.13') and (25.20') treatment groups over 

(23.80%) and T4 (23.43%) treatment groups. 

5. 1.3 Ruminal total volatile fatty a c i d_-,(-,Tc.V"Y"A",,) 

concentration 

The data in respect of TVFA concentration in the 

rumen ae different intervals and treatment groups are: 

presented in Table 5.4 (Fig. 5.3J. In all treatment groups 

TVFA concentration (mM/l00 ml) reached to a maximum peak 

at 6h post feeding. The peak was highest ill treatment group 

(16.56) follow~d by treatment group (1S.64). 

Treatment group Tl showed a lower TVFA concentration all 

the "times as comparea to contrql group. Treatment group 

T3 showed a 6.64" 12.50, 11. 13, 9.81, 11.80, 17.49 and 7.19 

percent higher TVFA concentration at 0,2,4,6,8, 10 and 

12 h post fe~dlng resp~ctively ov~r control group. 

Similarly treatment group T2 showed 7.09, 6.29, 7.19, 

3. 71 and 1. 10 percent higher TVFA con-centra tion at 0, 2, 

4, 6 and 8 h of post feeding respectivcely over control 

group. However, at 10 and 12 h of post feeding 



Fig. 5.3 : TVFA CONCENTRATION AT 
DIFFERENT HOURS OF POST-FEEDING 

AND PRO BIOTIC SUPPLEMENTS 

TVFA CONCENTRATION (m"l/lOO mlj 
IB~--------------~~----~----------------------~ 

16 

14 

12 

10 

sr ~ 
o 2 4 

-T-l 

6 

HOURS ---> 

-+-- T-2 -4-- T-3 

B 10 

-B- T-4 

T1' ~:ac:idophilus fI); T2 , S.cerevisiae (E}i T
3

, ~.acidophi1us (I) + S.cerevisiae (8) 

T
4

, Control, 

12 
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concentration of TVFA in treatment group T] were 2.37 and 

1.48 percent. lower respectively over control group. 

Treatment group showed 1. 23, 4.94, 4. 7 1, 4. 70, 4.84, 

11.26 and 7.07 percent lower concentration at 0, 2, 4, 6. 

s, 10 and 12 h reB~ectively over control group. It seems 

that supplementation of f.acidophil~ (I) alone had no 

effect on TVFA concentration. However, supplementation with 

~.cerevisiae (B) increased the efficiency. 

s. ,. 4 Concentration oE iDdi1ridua~olatile t'.<!ll!L-~c.ids i.n 

'the rumen 

The COncentration of aceta.te, propionate and 

butyrate "during different hours and groups axe prsented in 

Table 5.4. The concentration of acetate (Fig. S.4) in the 

treatment group T 1 was 1. 90, 33.87, 6.70, 0.96 percent 

higher at 2, 4, 6 and Bh post feeding respectively compa.red 

to control group (T
4

J. However, at 0, 10 and 12h post 

feeding acetate concentratioon was lower by 3.73, 1. 53 and 

1.13 percent respecti.vely. Similarly treatment -group T 2 

showed 4.90, 26.05, 9.62, 1. 44, 1. 20 and 6.45 percent 

,ilhigner acetate con centra t ioon at 2, 4, 6, B, 10 and 12h 

pOG t feeed ing, .respectively except at Oh post feeding where 

it was 2.68 percent lower compared to control group (T 4)' 

However, trea.tment' group T 3 showed a reduced concentra ti on 

of acetate by 12.05, 4.11, 1.76 and 4.35 percent at 0, 2, 

8 and 10 b post feeding respectively compared to control 

group Whereas at 4, 6 and 12h post feeding 



Fig. 5.4 : ACETATE CONCENTRATION AT 
DIFFERENT HOURS OF POST-FEEDING 

AND PROBIOTIC SUPPLEMENTS 

ACETATE CONCENTRATION (mM/lOO M) 
70,,---------------------------------------------------. 

65 r S "", >< 
601-_---\ 

55 

50 

45+1-------.-------.-------r-------r-------r------~ 
o 2' 4, 

-T-l 

6 

HOURS ---> 
8 

-+-- T-2 ---*"""" T-3 -e- T-4 

10 

T 1, f·acidophilus tI); T2 , S.cerevisiae (B); T
3

, ~.acidopbiluS (I) + S.cerevisiae (B) 

T
4

, Control, 

12 
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concentration of acetate was higher by 16.03, 70.82 and 9.57 

percent respectively over control group (T
4

). 

Concentration of propionate (Fig. 5.5) in treatment 

group T, was lower by 7.92, 0.45, 4.09, 5.02, 4.73 and 5.45 

percent at 0, 2, 4, 8, 10 and 12h post feeding respectively 

except at 6 h post feeding where it was 5.02 percent higher 

compared to control group (T
4

J. However, treatment groups 

T 2 and T 3 showed a higher propionate proportion at all time 

of sampling. In treatment group T 2 propionate concentration 

was higher by 1.44, 9.91, 9.55, 10.42, 3.65, 6.64 dnd 8.91 

percent at 0, 4, 8, 10 and 

respecti-vely over control group (T 4)' . 

12 h post reeding 

Similarly treatment 

group T
J 

showed a higher concentration of proionate by 

13.05~ 15.45, 17.54, 7.31, 15.69 and 10,89 percent ~t 2, 

4, 5, 8, 10 and 72 h post feeding respectively compared to 

control group (T
4

). Whereas propionate concentration at 

Oh post feeding was 2.40 percent lower in T3 treatment 

group. 

Ruminal concentration of butyrate ( Fig. 5.6) in 

tratment group TT was lower by 8.33, 21.30, 13.79 and 19.00 

percent at 2, 6, 10 and 12h post feeding respectively over 

control group (T
4

J. However, butyrate concentration at 0, 

4, and 8h post feeding were higher by 14.06, 8.64 and 21.25 

percent respctively compared to control group (T
4

J. In 

general treatment groups T 2 and showed lower 



Fig. 5.5 : PROPIONATE CONCENTRATION AT 
DIFFERENT HOURS OF POST-FEEDING 

AND PROBIOTIC SUPPLEMENTS 
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Fig. 5.6 : BUTYRATE CONCENTRATION AT 
DIFFERENT HOURS OF POST-FEEDING 

. AND PRO BIOTIC SUPPLEMENTS 
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concentration of butyric acid. In treatment group T2 butyric 

acid concentration was lowered by 10.93, 16.67, 19.75, 

44.44, 35.00, 26.43 and 34.00 percent at 0, 2, 4, 6, 8, 10 

and 12 h post feeding respectively compared to control group 

Similarly in treatment group butyric acid 

concentration was lowered by 8.33, 21.30, 3.75, 27,59 and 

42.00 percent at 2, 6, 8, TO and 12 h post ceeding 

respectively compared to control group However, 

butyric acid concentration at a and 4 h post :eeeding were 

84.34 and 14.81 percent higher respectively. 

5. '.5 Acet:llte:priopionate rat:io in' 'the rumen 

Acetate to pripionate ratio in different hours and 

groups are presented in Table5.4 (Fig. S.7J. The ratio 

dropped after feeding and was lowest at 4h post feeding~ 

Tbereafter, it rose gradually in all treatment groups upto 

72h post feding. In treatment group T 1 except at Oh post 

feeding (where ratio was '.23 percent lower) 

, 
ace-tate:prop1onate ratio were 2.45, 18.50, 3.62, .6.31, 3.16 

and 4.56 percent higher 

. / 
feeding over ·conrtro1 

I 
proportions. Similarly 

at 2~ 4, 

group due , ., 
" / 

in tr.atment -
post feeding acetate to propionate 

0.44 percent higher respectively. 

6, 8, 10 and 12h post 

to a higher aceta.te 

groups T 2and T3 at 4h 

ratios were 14.97 and 

However, at 0, 2,6, 8, 

10 and 12h post feeding, acetate to propionate ratios in 

both groups (T
2 

and T
3

) remained lower (4.02, 4.56, 0.72, 

4.SG~ 5.06 a.nd 2.28 percent in treatment group T
Z 

.!!Ind 9.90, 



Fig. 5.7 : ACETATE PROPIONATE RATIO AT 
DIFFERENT HOURS OF POST-FEEDING AND 

PROBIOTIC SUPPLEMENTS 
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15.08, 5.79, 8.42, 9.49 and 1.30 percent in treatment group 

T
j 

respectively) due to a higher propionate proportion. 

5. '.6 Levels oC Ruminal ammonia-N 

In all treatment groups ammonia-N fmg/l00 mll level 

incresed after feeding and reacbed to peak at 4h post 

feeding (Table 5.4 and Fig. 5.8) in all treatment groups 

19.44,' T2 18.39, T3 16.38 and T4 19.28). Level of 

ammonia-N in treatment group T, was 5.39, 2.89 and 2.51 

percent lower at 0, 10 and 12h post feeding respectiveltj. 

However, at 2,4,6 and Bh post feeding ammonia-N was 1.98, 

0.83, 0.56 and 0.00 percent higher respectively over control 

group. Treatment grollp showed a lower ammonia-N 

concentration by 2.99, 3.77, 4.61, 3.79, 1. 17, 2.89 and 3.20 

percent at 0, 2, 4, 6, 8, 10 and 12h post feeding 

respectively as pompared to control group. Similarly, 

treatment group showed lower concentration by 6,68, 

13.91, 15.04, 10.40, 6.72, 6.03 and 6,85 percent at 0, 2, 

4, 6, 8, 10 and 12h post feed ing respectively. 

Supplementation of f..!..cidQ£hilus (Xl seems to have almost 

no effect. However, E.,.cerevisiae supplementation tended to 

lower the ammonia-N concentration particularly at th"e pea"k. 

5,1,7 Levels of Microbial prot~!£-!£~~~ 

Microbial protein levels in the rumen liquor at 

difErent hours a'nd treatment groups are presented in 

Table 5.5 (Fig 5.9J, In all treatment groups level of 



Fig. 5.8 : AMMONIA-N CONCENTRATION AT 
DIFFERENT HOURS OF POST-FEEDING AND 

PROBIOTIC SUPPLEMENTS 
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Fig. 5.9 : MICROBIAL PROTEIN CONCENTRA­
TION AT DIFFERENT HOURS OF POST-FEEDING 

AND PROBIOTIC SUPPLEMENTS 
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microbial protein gradually increased after feeding. 

Treatment group T 7 showed less or almost similar microbial 

protein level compared to control group IT 4). The values 

were 9.48, 7.92, 0.00, 0.00, 0.00, 3.93 and 5. 37 percent 

higher at 0, 2, 4, 6, 8, 10 and 12h of post feed ing 

respectively. However, treatment groups T2 and T3 showed 

comparatively higher microbial protein levels in comparison 

to control group (T
4

). In treatment group T2 microbial 

protein levels were 12.19, 14.21, 5.88, 6.01, 5.67 and 5.37 

percent higher at 2, 4, 6, 8, 10 and 12h of post-feeding, 

respectively. Similarly treatment group T3 showed 0.00, 

15.85, 13.68, 12.25, 12.03~ 12.66 and ·10.74 percent highe:r 

microbial protein respectivelg over control group (T
4

J. 

5. 1.8 ~icr~£ial population in the rumen content 

Table 5.5 (Pig. 5.10) showed the microbial population 

in the rumen liquor at different hours and treatment groups. 

Microbial populati.on increased gradually after feeding and 

reched to a maximum level at 12h post feeding in all 

treatment groups. An unexpected high microbial population 

was noticed in .·group T3 followed by treatment group T
2

. 

In Treatment group T 1 microbial counts were 7.31 and 2.32 

percent lower at 0 and 2h post Eeeding respectively over 

control group (T
4

). However, 4h aEter Eeeding microbial 

population increased by 12.28, 3.50, 5.17, 10.29 and 5.12 

percent at 4, 6 r 8 r 10 and 12h post feeding respectively 

compared to control group. Treatment group T2 and T3 also 



Fig. 5.10 : MICROBIAL POPULATION AT 
DIFFERENT HOURS OF POST-FEEDING AND 

PROBIOTIC SUPPLEMENTS 
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showed a higher microbial counts oveer control group (T 4) 

and (T 1) treat.ment: groups. In treatment group T 2 microbial 

counts were 34.14, 23.25, 38.77, 59.64, 70.68, 83.82 (!Ind 

73.07 percent higher at 2, 4, 6, 8,. 10 and 12h post feeding 

respec~ive2y over control group, Similar but a higher 

response was observed in treattment group and the 

microbial counts were 9.75, 34.88, 57.02, 49.12, 105.t7, 

132.35 and 130.76 percent' higher at 0, 2, 4, 6, 8, 10 and 

72h pos~feeding respectively compared to control group. 

5.1.9 Lactic acid concentration in the Iumen~ 

Lactic acid . levels in the· rumen liquor dUring 

different bours and treatment groups are presented in Table 

5.6 (Fig. 5.71). Level of lactic acid reached to a maximum 

level after 2h of feding, thereafter, it declined gradually. 

At 2h post feeding the level of lactic acid was considerably 

lower in treatment group T3 (1~24 mM/I) which increased to 

1.93 mM/l in treat:ment group 1!2' 2.13 mMll in treatment 

group T 4 and 2.21 mM/l in treatment group T I' II. t: Oh post 

feeding lactic acid concentrations were 7.40, 14.8 i and 3.70 

percent higher in trea'tment: 

respectively over control group 

groups T l' T 2 

Similarly 

and 

cre.a tmen t 

group T 1 also showed a higher concentration of lactic acid 

vpto 4h post feeding. At 2 and 4h post feeding it was 3.75 

and 4.59 percent higher respectively over con~rol group 

& < 8 10 and 12h post;: feed ing lactic However, d ... ter t!, ~ 



Fig. 5.11 : LACTIC ACID CONCENTRATION AT 
DIFFERENT HOURS OF POST-FEEDING AND 

PRO BIOTIC SUPPLEMENTS 
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acid concentration dropped by 9.80,0.00 and 3.44 percent 

respectively over control group (T
4

J. Treatment group T2 

showed a lower conventration of lactic acid 9.38, 6.89, 

27.45, 9.09 and 3.44 percent at 2, 4, 6, 8 and 10h of post 

feeding respectively. In lactic acid 

concentrations were 41.78, 3.44 and 27.56 percent lower at 

2, 4, and 6h of post feeding respectively over control group 

(T
4

J. However, at 10 and 12h of post feeding it was 3.44 

and 3.57 percent higher respectively compared to control 

group (T 4 '. 

5.7, 10 Flow rate of~uid digesta: 

Ruminal digesta flow kine'tics are presented in Table 

5.6 (Fig. 5.72), It could be seen from table that the 

average values of rumen fluid volume (litres) wex.e 3C.25, 

25.91, 26.67 ,:ina 25. T6 in the animals of treatment groups 

and respective1y. On further calculation it 

was found that rumen fluid volume presented 9.53, 8 __ 75, 8.84 

and 8.46 percent of the body weight in the animals of 

treatment groups T" T
Z

' T3 and T 4 , respectively. Flow 

rat:es of liquid digest:a (lldJ ra'nged between 46.69 (control 

Flow rate. of .liquid 

digest:a were 9.23, 8 .• 86 and 10.25 percent higher in 

treatment groups T" T2 and T3 over control group (T
4

J. 



Fig. 5.12 : FLOW RATE OF LIQUID DIGESTA 
ON DIFFERENT PROBIOTIC SUPPLEMENTS 
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5.2 DISCUSSION 

5.2.1 DH disappearance in ~~lon ba~~ 

DM disappearance at 6h incubations were significntlg 

higher in 7'2 (by 10.23%) and T3 (by 16.55%) treatment groups 

when compared to control group. The difference between 

treatment group (32.52%) and (32. 14%) was 

non-sig n i fican t. Similar response waB obtained at 12h 

incubation. DM degradabilitg 112h) were significantly 

higher by 7.21% in T 2 

over control group. 

and by 71.66% in T 3 treatment groups 

At 24h incubations DM degradability 

was significantly higher by 4.97% in treatment group T3 over 

control group. The difference between other treatment groups 

was non -5 ign if iena t. DM degradability 148h) was 

significantly higher by 3.40% in P2 and by 5.24% in T3 

treatment groups 

difference between 

non -s j gn i. f i can t . 

~.cerevisiae 

~.~cidophilus 

degradability 

I B) 

(I) 

in 

over control 

and 

It conoluded 

either alone 

group. 

treatment 

However, 

groups 

that supplementation 

or in combination 

the 

was 

of 

with 

enhanced the DM degradability. As DM 

S.cerevisiae supplemented group 

increased from 35.43, 45.4.8, 55.93 and 6'3.50 percent at 

6,12, 24 and 48h to 37.46, 47.37, 57.28 and 64.63 percent 

respectively when §..cerevisiae ",as supplement-ed with 

!:...acidophil~ (I) in treatment group T 3 . Similar results 
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have been reported by earlier workers (Gomez - Alarcon et 

~., 1987; Weidmeiex~! f!l...~ 1987; Arambel and Kent, 1990; 

Chademana and Orrer r 1990). However, other workers obtained 

no such response (Harrison et !!.!., 1988; Carro et !!l..{1992. 

Mutsvangwa st f!!- f 1992). This could be due to difference 

ot microbial strain supplemented in this experiment or 

differences of survivability DE microorganisms at the time 

of feeding. In the present experiment DM degradability 

differences between different treatment groups were greater 

upto 12h of incubation and thereafter it declined. In the 

presence of yeast: culture, the lag time for DM degradation 

reduced. Chademana and Offer (1990) confirmed the findings 

DE present study and reported increiised DM disappearan'ce 

on rations varying in concentrate:forage proportion (10:90 

to 60:40) and supplemented with yeast culture when incubated 

in the rumen upto 24h. However, no effect was visible at 

48h incubation. Similar responses have been reported by 

Dawson et al. (19B7), Williams and Newold· (1990b)~ Williams 

et a1. (1991). However, Agala: et al. (1992) round that 

supplementation of S. cerevisiae significantly improved the 

DM degradability upto 96h. 

5.2.2 f!!!e degradabi11ty: 

At 6h incubation treatment group T2 "(23.10%) and T3 

(2.3.88%) have significantly higher fiber degradability (by 

14.98 and 18.87 percent) over 

,2h of incubation treatment 

control 

group 

group (20.09%). At 

T3 (25.65%) had 

significantly (by B.87%j higher fiber degradability over 
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control group (23.56%). Fiber degradabiliity ( 12h) in 

treatment groups T2 (24.23%), Tl (23.90%) and control group 

(23.56%) were non-significantly different. Similarly 

at 24 and 4Bh of incubation, there was a non-significant 

difference among the treatments. The improvemen t in the 

fiber degradability during first 12h of incubation supports 

the data of earlier studies (Wallace and Raleigh, '960 ; 

Weidmeier ~! ~., 1987; Williams, 1989b; Chandemana and 

Offer, 1990 and Offer, 1990), The ability of S.cerevisiae 

to stimulate fiber digestion in the hind gut of horses is 

also reported (Glade, 1988; Glade am;! sist, 1988 ano' Pagan, 

1990).· Weidmeier et .!!. (19B7) observed that addition· of 

S.cerevisiae in ~he ra~ion of ruminants increased the number 

and proportion of cellulolytic bacteria in tbe rumen, 

thereby resulting into improved digestibility of structrual 

carbohydrate. The precise mechanism by which S.cervisiae 

modifies the degradation of forage not known. It seems 

likely that tbe ~'£2.revi5iae stimulate tbe initial 

colonisation of the plant fragmen~ in the rumen allowing 

more rapid commencement of fiber breakdown. 

5.2.3 Ruminal total v;olat:ile fatt.y acids (TWA) _concentration: . ~.~~~~. 

A non-Significant difference of T'VFA ooncentration 

existed before feeding among all the treatment groups. The 

TVFA concentration in treatment groups T did not difter 
t 

significantly from 0 to 12h post feding when compared to 
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control group. In treatment group TVFA concen t xa t i on 

was sj.gnificantly higher by 6.64, 12.50, 71. 13, 9. 8 1 r 

11.80, 17.49 and 7.19 percent at 0, 2, 4, 6, 8, 10 and 12h 

post feeding respectively. The concentration was 

significantly higher by 6.29 and 7.19 percent in treatment 

group T 2 at 2h and 4h post feeding. It appears from present 

data that supplementation of f!..aci~£2.hilus. (~f possessed 

no effect on TVFA production. Whereas supplementation of 

~.cerevisiae increased the production. Again 

supplementation of S.cerevisiae (B) with !:..~cid0l2.hiJu~ had 

• prominent effect on TVFA production. The data of 

Mutsvangwa et Iii. (1992) supported the present observations 

that total concentration of VFA were' significantly higher 

in bulls receiving S.cerevisiae as compared with that of 

control. Several other workers (Newman and Dawson, 1987; 

Dawson and Newman, 1988; ffarrison et i!l. F 1988; Williams 

et 021. 1988; Martin and Nisbet, 1989 and Carro et ~t.. ~ 

7992) have reported a higher ,concentration of ruminal TVFJl. 

ffowever, other workers (Phillips and Von Tungelin, 1985 i 

Chademan and Offer, 1'99Q and Frikins et ~.!., 1990) found 

that total concentration of VFA' was not {lffecteri by yeast 

culture supplement at any time. Harrison' et ~.!. (1988) 

reported that molar proportion of propiona.te and val erate 

was higher. A higher proportion of these Vl"'A may account 

for a higher VFA level occured in present experiment. 

Although the primary factor for a higher TVFA with addition 

of yeast culture is unclear. 
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5.2.4 eoncen t:.I~a~t=i~o~n,-_,o~£,--~",· nd i vi d u a 1 vol a t i",lC'e~--"f at t,Y,--,a""c ids 

in the rumen .. 

The concentration of acetate in all treatment groups 

was statistically similar at different hours except at 4h 

post feeding in treatment group, where acetate 

concentration was higher compared to control group (62.9 

Vs 49.9 mM/TOO M). Similarly the concentration of propionate 

in T 1 treatement group was also statisticl!1.l1y similar at 

different hours. However, the concentration of propionltte 

improved in treatment groups T 2 and T 3" In the treatment 

group " 2 
the propionate eoncen t:ta tion was significantly 

higher at 2, 4, and 6h post-feeding (by 9.91, 9.55 and 10.42 

percent respectively) compared to control group (T
4

). Even 

propionate concentration at 0, 8, 10 and 12h post feeding 

was also .improved in T 2 treatment group but did not reach 

to statistical significance. Treatment group T 3 showed a 

significantly improved propionate concentration (by 13.06, 

15.45, 10.89 percent at 2, 4, 6 and 12h post 

feeding respect.ively) compared to control group (T 4). The 

conc.entration of propionate at 8h (23.5 mM/l00 M) and lOb 

(22.3 mM/100 M) post feeding was also non-Significantly 

higher in treatment group 

The concentration 

T
3

, compared to control group 

of butyrate between different 

grou~s and hours was almost similar except in treatment 

group Oh (11.8 mM/l00M) and in control group at 
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6h (10.8 mM/l00 X)I where exceptionally higher butyrate 

concentration was observed. 

Tile results or the" present stud!) are at pdr with the 

results. of Hession et al. (1992). They found tba t yeast 

culture supplement had no effect on acetate concentration. 

fiarrison et al. ( 1987) round tha t. yeast cultue 

supplementation in fistulated Holstein cows showed increased 

concentration of propionic acid (27.4 Vs 30.0 M%) dnd did 

not affe.ct the concentration of butyric acid ( 14. 7 Vs 

14.5 M%). Similarly AdFf,ms ~£ ~£. (19BI) reported tl)at yeast 

culture supplement in the diet. of lambs had no significant 

effect qn acetJ..c acid concentration (at 7h 63.2 Vs 61.2 a,nd 

at IIh 62.2 Vs 60,9 moll 100 mol in yeast culture 

supplemented group). In the same experiment propionate 

concentration was increased (.at 7h 22.5 Vs 24.9 a.nd at 17h 

24.1 Vs 25.6 mol/100 mol in yeast supplement.ed group) a.nd 

concentrat.ion of butyric acid was not affected by yea.st 

cul ture supplement (at 7h 11.7 Vs 1t. 0 and at 1111 1i . .3 Vs 

10.9 mol/100 mol in yeast culture supplemented group). As 

in the prsent expeiment a higher concentra.tion of propiona-=.e 

with yeast culture was also obtained i~ steers by Malcolum 

and Kiesling (1990) (15.8 Vs 16.2 mol/700 mol), in sheep 

by Newbold et al. (1990) (132 Vs 165 m mol/mol) and in bulls 

by Mutasvangwa II ~ (1992) (at.: 8h 31.74 Vs 33.87 and at 

15h 33.71 Vs 36.79 mM/l). 
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lfot"eveJ;, r.he results of the present study differ from 

other studies. many workers reported that inclusion of 

yeast cult:ure in the diet l:esv.lted in a higher acetic acid 

concentration (Harrison !!.:!;.!!I, 1987, 1988, Weidmeier et ~.!:., 

1987, williams, 1989, Malcolum and Kieslin, 1990, Mutsvangwa 

et al, 1992). This difference in VFA proportion might be 

due to level of yeast culture in the diet of animals. 

Williams (1989) compared two levels of yeast culture and 

found that concentration of acetate increased with 

This increasing the level of yeast culture supplement. 

also migbt be due to differences in the proportion of forage 

to concentr8te in the diet. Carro £! a1. (1992) found a 

lower acetate and higher butyrate when yeast cul ture was 

included in' tIle medium and low concentrate diets. However .. 

yeast culture had the opposite effect in high con"centrate 

diets. The da.ta of the present study indicatea that the 

depend on the feeding pattern and time of variations 

sampling. The microbial cultures influence fermentation 

pattern and alter fermentation stochiometry. 

5.2.5 ~£~~ropionate ratio in the r£~~ 

Aceta~e:propionate ratio was non -5 igp. i f iC,ant.ly 

differed between all treatment groups except 7'3 before the 

start. of feeding. At all time intervals group T T showed 

a non-significantly higher acetate to propionate ratio, due 

to a higher tendency in acetate producti.on. 

group 

propionate 

showed 

ratio at 

non-significantly lower 

all time intervals 

In contrast, 

acetate to 

of !Sampling. 
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Similarly 

was 9.90, 

in treatment group T 3' Clcetate 

and 9.49 

to propionate ra t io 

16.17, 8.42 percent lower at 0, 

2, 4, 8 and 10h of post feeding respectivelg over control 

The reduction in acetate to propionate ratio 

was due to a higher proportion oE propionate at: the expense 

DE acetate. appears from tho present da ta that 

§..'E.ere!:.isia!!. caused a shift in more propionate production 

at. the cost of acetate. In the present trial' the reduction 

in the acetate to propionate ratio confirm earlier results 

(Harrison ~~ al" 1988 i Newbold et ~~., 1990; Carro et !!l.., 

1992) indicating that S.cerevisiae (B) with f.~£id£2hi!us 

tI) had a major effect on fermentation stoichiometery in 

the ;cumen. Several authors (Adams' ~! al., 1981; Teb ~! 

~., 1987; Dawson and Newman, 1988; Martin and Nisbe"t, 1989; 

Chademana and Orfer, 1990; Mutsvangwa et: a1. F '992) have 

reported either small or no change in acetate to propionate 

ratio when S.cerevisiae was supplemented to a high forage 

diet. In the present study, rumina1 VFA patterns were 

altered by addition of S.cerevisiae (8) with !!..~ci£ophilus 

(I). Nolar proportion of acetate was lower and molar 

proportion of propionate was greater in animals receiving 

mixed cultures. The shift in molar proport.ion of aCEd:ate 

and propionate resulted in a lower acetate "to propionate 

ratio in rumen fluid of animal receiving mixed culture. 
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5.2.6 Levels of cuminal ammonia-N 

Ammonia-N concentration was significantly lower by 

5.39 t 2.99 and 6.68 percent before reeding in treatment 

group T 1r "1'2 and T3 respectively as against control group. 

In 

by 

~reatment group T
J

, ammonia-N was significantly lower 

6.68, 13.91, 15.04, 10.40, 6.72, 6,03 iInd 6.83 percent 

at 0, 2, 4, 6, 8, 10 and 12h post feeding respectivelg over 

control group Similarly treatment group T2 also 

showed a lower ammonia-N at all time intervals after 

feed ing. Level oe ammonia-N was s1gnificantly lower (by 

3.77 and 4.61 percent) at 2 to 411 of· post feeding. But in 

treatRJent group T l' ammonia-N aoncentrat:ion was simi.lar as 

compared to control group (T
4

). The data revea~ed that 

s,upplementation of £.cerevisiae (B) lowered the level of 

ammoni.a-N but combination !:.. acidophilus (I) had added effect 

However, ~.acidophilus (I) alone did not show any rsponse 

over ontrol. Greater cancen tra tion of total anaerobic 

bacteria due to increased p~otein synthesis (Table 5.5) 

supported the contention of lower level of ammonia 

concntration in animals red ~.cerevisiae. . il.mmoni,a 

preferencial source of N ror a large proportions or the 

ruminal microbial population (Bryant and Robinson, 195 t) 

and incorporation of ammonia .into 1:uminal bacteria has been 

demonstx<lted (Mathison and Milligan, 19.71). Lower 
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concentration of ammonia in the rumen of animals fed 

S.cerevisiae IB) may reflect increased transportation of 

ammonia into microbial protein. A high proportion of 

micIobial-N derived from ammonia.-N with the yeast 

supplemented vesels as comp/la.:e'a to the constrol one, 

support this suggestion (Carro et ~~., 1992). Similar 

results have been reported in vivo by Harr ison et a 1. 

(1988), Newbold et 2.l... J f~90) and Chademana. and 

Offer 11990 ) and in vitro ---- by Dawson and Newman (1987) 

suggested an improved microbial capture of ammonid 

(Chademana and Offer, 1990). However, Adams st al. (1981), 

FIikins. et !!l. (1990) and Mutsvangwa et al. (1992) found 

tha t;. yeast culture had no significant effect on rUl1tina 1 

ammonia but bulls_ given yeast culture tended to have lOlver 

ruminal ammonia levels (Mutsvangwa et a1. 1992). 

5.2. 7 Levels or microbial pro~ein in the rumen: 

Microbial protein level in rumen liquor dral>'n before 

feeding was non-significantly different; among t;he treatment 

groups. The level in treatment group T3 was significi'lntly 

higher by 15.85, 13.68, 12.25, 12.03, f 2.66 and 10, 74 

percent at 2, 6, 8, 10 and t2h p-ost feed ing and in 

trea tment group T2 it was higher by 12,19, 14.21, 5.67 and 

5.37 percent at 2, 4, 10 and 12h post feeding respectively 

over control group The observations revealed that 

.supplementation of 2..£~.:f.~iae (B) improved the micr'Jbial 
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protein synthesis in the rumen but f..!!,£id££!!.il!:!.J! alone die' 

not influence the microbial synthesis to any extent ':.-'lough 

in combina tion with S.cerevisiae exhibited a stimulatory 

effect. Similar responses were recorded by Harrison et a1. 

(1988) and Weidmeier et a1. (1987), Williams et a1. (7991) 

found that presence of yeast culture tended to increase non-

ammon ia nitrogen at the duodenum in sheep. Similarly 

Weidmeier et a1. (1987) indicated that supplementation of 

yeast culture enhanced microbial protein synthesis for ..... hich 

ammonia-N available during 
" '-c, 'j 

fermentation was 

effectively utilized. A lowever lev~l of ammonia-N and a 

higher microbial population support this contention (Carro 

~ !!l.., 1992). 

The microbial population was non-significantly .~igher 

in .11 )groups supplemented with S.cerevisiae 
.' 

(B) upto 48h 

post feed ing compared to control group. However, after 6h 

post feed ing the microbial population was significantly 

higher by 59.64, 70.68, 83.82 and 73.07 percent at 6, 8, 

10 and 12h of post feeding in treatment group over 

control group (T
4
'. Similarly aeter 8 to 12h post feeding 

microbial popUlation was significantly higher by 

132.35 and 130.76 percent at 8, 10 dnd 12h post reeding in 

trea tmen t group T3 over can trol group Even microbial 
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T 
j 

as compared to treatment group T2 after 10 to 12h post 

feeding. The present da ta clearly indicated tha t 

supplementation of S.cerevisiae (B) with or without 

f.acidop,hilus significantly increased the ruminal microbial 

population. The resu 1 t suggested that S.cerevisiae 

increased the population of fiber degrading bacteria and 

their activity (Carro et 1992). 5.cerevisiae may 
-', " 

provide factors stimulatory to rumen 'c.i)lulotyic bacteria. 

(Bryant, 1973; Dawson et ~l., 1990) and proteolytic bacteria 

(Weidmeier et ~.,. 1987; Williams, 1.990a). Feed ing yeas t 

cultUre 'has increased number of cellul.olytic rumen bacteria 

(Hoyos et ~., 1987; Weidmeier et !!!:.., 1987; Harrison et 

~., 1988; Dawson, 1990; Firkins et f!!:." 1990) and this has 

been confirmed by present experiment. Specif fcal growth 

factors (B vitamins or branched chain fatt/] acids) exhibited 

with yeast cultur,e have been reported to stimulate the 

growth of certain types of rumen bacteria (Dawson '990 ; 

Chedemana and Offer, 1990). This mechanism could also 

explain the increased fiber degradability observed in our 

experiment with S.~erevisiae treatment. 

5.2.9 Lactic acid concentration in the rumen.' 

Lactic acid concentration reached to a maximum at 

2h Post- feeding, thereafter it declined gradually. The 

concentration of lactic acid before feedic:g was 

non-significantly different among all treatment groups, .l..t 
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2h post feeding the la.c'tic a.cid concentration was 

significantly lower (hI] 41. 78%) in t.he treatment group T3 

over control group (14). Similarly treatment group T 2 a.lso 

had d non-significantly lower (by 9.38%) concentration of 

lilctic acid. At: 4b post feeding a non-significantly lower 

concentration level of lactic acid was maintained in 

treatment groups T2 and T
3

, except at; 10 and 12h of post 

feeding in tIea tmen t group where lactic acid 

concentration Was slightly higher over cOntrol grup ('1'4)' 

In treatment group T 1 a highest concentrat:ion of lactic a.cid 

was observed at 2h post feeding compay;ed to treatment groups 

T 2 and -r J. Rowever, it: was not sign.ificantly higher over 

control group (T
4

). It appears that 5.cerevisiae (8) w,ith 

or without (I) significantly lowered the 

concentration oe lactic acid at 'peak hour (2h post feeding). 

Lactic acid is not a substrate used by S.cerevisiae for - ------
growth (Panahal, 1984a.), thert.~fore, the major reduction in 

lactate concentration mag result from the use ot lactate 

precurSor or stimulation of lactate used by other 

microorganisms. A similar peak in l~ctic acid concentration 

t .. as :cepocted in cows fed starch based concentrate (Hr;ilestein' 

~ ~i'f 1981). Their peak concentrat.ion (6.5 trlM/l) occurred 

Th post feeding, followed by a rapid decline to a base line 

levels. Recent studies on sheep fed a mixed diet, have 

shown a similar significant reduction in ruminal lactate 

concentrations when yeast culture was supplemented to the 
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diet. (Newbold et a1., 1990). S)milar responses were also 

recorded by other wOrkers with a low ruminal pH (Williams, 

1990b and Williams ~ :!;£., 1990). 

5. 2~ 10 f1£.w rate of liquid digesta.: 

A non-significant difference was observed among the 

different treatment groups with respect ~o flow rate of 

liquid digesta. However, flow rate was higher by 10.25. 

8.86 and 9.23 percnt in treatment groups T
3

, T2 and T 1 , 

respectively, compared to control group (T
4

). It seems that 

supplementation of S.cerevisiae (B) and ~.~ci~££~!£~~ fI) 

had a tendency to increase the flow ·of liquid digesta but 

not significantly. The increased liquid dilution rate may 

improve the efficiency of bactr.ial growth and flow of ,:X,.-

1 inked glucose polymer, total amino acids and tOtal 

microbial aminQ,- acids to small int~stin~ (Stouthamer a.nd 

Bettenhaussen F 1973 ; Harrison et .1. 1975). SimiJ,ar 

observations were made by Galyean ~! ~~. (1979), Rogers ~! ai. 

(1979), Adams sf; ai. (1981), Weidmier et a.l .(1987), 

Harrison et al (1988) and Malcolum and Kiesling, (1990/, 

Harrison et: al. (1988) reported that: liquid dilution rate 

was 10% higher in cows fed yeast culture as c9mpar~d to 

control although difference was non-significant. 



Table 5.1 

Incubation 
Period 

(h) 

6 

12 

24 

48 

Percent dry matter disappearance of substrate at different hours of incubation 
periods and probiotic supplements. 

------------~---------

TRBATMENT GROUPS 
T, T2 T3 T 

4 
Measured---Plcted Measurea----rltted Measured-----;iteed- Measu;ed-----Fitted 

,----------

32.52
d 

32.39 35.43 b 35.54 .37.46 C 
37. 5 1 32.14

a 
32.02 

:1:0.80 ;to.84 ;to. 50 :to. 48 :to.57 :1:0.S5 ::to. 79 ;to.7S 

42.93
a 

43.27 45,4S b 45.22 47.37
c 47.26 42.42

8 
42.72 

±0.95 :1::0.91 :to. 39 :1:0.48 :to.53 ;to. 42 :to. 8 7 :to. 8 2 

54. 7,a 54.44 55.93 ab 55.99 57.28
b 

57.92 54.57
a 

54.3 i 
::to. 64 :1:0.65 :0.46 :1:0. 16 ;.to. 27 :to.27 :to.56 iO.60 

60.86
d 

60.97 63.50 b 63.43 64.63
b 

64.60 61.41
a 

61.50 
.:to. 68 :1:0.64 :to. 6 , .:to. 53 :1:0.29 :to. 32 .;to. 13 :to. 7 1 

d,b,c., figures with dlfeerent superscripts in the same J;"OW differ significantly 
(PLO.OI) 

T" ~.~doph~lus (IJi T2' ~.£~isi~ (8); T 3 , f.~~£~il~~ (I) + ~.~~~ia~ (E); 

T4 , without supplement. (Control), 

~ .., 
'" 



Ta.ble 5.2 Percent crude fibre disappearance of substrate at different hours oe incubdtio~ 
p~riods and probiotic supplements. 

-------------------------, 
Incubation 
Period 

(h! 

6 

12 

24 

48 

T, 
Meaiured---Fiteed 

20.SS a 

~ J. 3 J 

23.90
a 

:1;.1.29 

26.8S
a 

.:t 1. is 0 

28. 92 a: 
;t1.78 

'10. 53 
;1;1.21 

:n.86 
.tl.30 

27.06 
:!:l.51 

28.82 
:!: 7. 82 

TREA'l'EHP CkOUPS 

T2 

MeasuIed----Flcted 

23. w b 

:];1.01 

24.23
ab 

;i:: 1. 03 

27.54
a 

:1:1,00 

28.99 a 

:t7.35 

22.90 
:t1.02 

24.79 
;1;0.98 

:] 7 •. 17 
.± 7.06 

29. 71 
:t7 • .32 

'3 
Measu;ed----~it~ed 

23.88 b 

;to.52 

25.6S
b 

.t:l.26 

27.97 a 

.t7.29 

29.94
09 

:tl.47 

23.85 
;to. 57 

25.68 
:t7.05 

27.97 
.1:1.46 

29.93 
"z1.41 

T4 

Med~u;ed-----pitt€d 

20.09<1 
±O,93 

23.56
d 

:!: 1 • 2 1 

26.55
d 

:t 7.40 

28. GOd 
:t 1 • 06 

20. 13 
.:to.90 

23.84 
.t1.28 

26.74 
:11.34 

28.56 
-$:1.08 

a~b~CF figures with difFerent superscripts in the same row differ significantly 
(PLO.OI) 

T,~ ~.~.!:.E.£E!2..L!: .. !:!.E (I); X2 ' !..cerevisiae (8); T 3 ", ~.!!£i:..£.ophilus (I) +E,. cerevisiae (OJ; 

T
4

, Without supplement (Control). 

w 



Table 5.3 Parameters in the 
of degradation of 
supplements. 

equation 
DM and 

of Orskov and Me Donald (7979)" to descri.be the rate 
fibre in diets supplemented with diEEerent prabiotic 

Dry Hatter Crude fibre Treatment 
groups --a----------E-----------c-----------d------ --a------------b-------------c------------d-------

T/ 

T2 

T3 

T4 

15.39 
:iT. 36 

21. 15 
:/:1.09 

22.74 
zO.73 

15.65 
z 7.30 

47.00 
~O.41 

44.31 
zOO.S') 

43.43 
=0.72 

47.58 
:t 1. 14 

0.0752 
LO.0069 

0.0657 
:to. 0052 

0.0693 
;to. 00 73 

0.0704 
:f:D.0056 

43.50 
.rO.67 

46.20 
:to. 29 

47.97 
:to. 38 

43.40 
:to. 46 

14.43 
.tl.9S 

20.28 

.:t". 17 

21.29 
:to. 47 

74.53 
.t:.O.50 

P "" a + b (1_;t:t) ~ whe.re P""Perc€nt of DM/Fib:te degraded after time t (h); 

a '" the .interc:;ept of tlle degra.dation curve at: time zero; 

74.45 
.tl.44 

9.66· 

:to. 41 

9,33 
:tl.J9 

14.48 
IO.84 

0.0837 
.to.OJ71 

0.0535 
IO.0064 

0.0484 
;t().0127 

0.0814 
.to. 0159 

b ~ the potential degr?dabllity of the component of DM/flbre which will in time be degraded; 
e"" the rate constant for the degradation of the component with potential degradability; 
d '" effective (jegradabi.lity at a £law :tate of 0.05 %/h. 

T,~ L.tl.cidophilus (N; T S.cerevisiae (B); T , L.acidophilus (ll + S.cerevisiae (B); 
- 2' - J - -

T ~ Without supplement (Control). 
4 

23.80 
.H.42 

25.20 
:J: 1. 10 

26. 13 
.1:0.92 

23.43 
.:to. 99 

w 

'" 
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Table 5.1/ l'VFA, individual VE'A 
at different hours 
supplements. 

and acetate:propionate ratio 
post-feeding and probio~ic 

Treat- h TVFA Acetate Propionate Butyrate Acetate 
ment (mM/lOOml) ----------------------------------- Propionar:e 
groups (mM/?OOM) ratio 

(1) (2) ( 3) ( 4) (5) (6) (7 ) 

0 8. 77:tO.32
d 65. til 20.4

B 
7.3

a 
3. '9

ab 

2 11. 33:tO. 30B 
64.S

a 
22.1 

a 
6.6

d 
2.92

b 

4 12. 32:tO.29a 66.8
a 21. ,if! a,aa 2.69

b 

T 6 74. 37:tO.34
d 

62.1
il 

21.7
ab a.Sa 2.86

a 
1 

3.03
b 

8 11.20:/0.45
8 

63.0
B 

20.8
a 

9.7
B 

10 8. 98:tO. 16
B 

65.S
a 20. 18. 7.Sa 

3.2G
b 

12 8. 141:0.20
B 

61.3
d 19. ,a 8. ill. 3.2l

a 

Mecw 70. 73:tO.84 64.1 20.8 8. 1 3.02 
i:S.B. :to.7S ZO.38' :to. 39 ;to.08 

0 9.51:t0.28<3. 65.4
a 21. ,a 5.7?;l 3. ,Oab 

2 12. 67:tO.32
bC 

66.4
a 

24.4
b 

6.0
il 

2.72
b 

4 13. 86;i;O.33
b 

62.9
b b 

24.1 6.Sa 
2.61

b 

T2 6 fS.64;tO.3S
d 

63.8
8 

23.3
bc 6.0a. 2.74

8 

8 11.90,0.50" 63.3
a 22.f'b 5.2

a 
2. 79

ab 

10 9.88:1:0.29
a 67.S.:! 22.5 

b 
6.4

a 
3.00

8b 

12 8.63:1:0.11
a 

66.0
a 

22.0
bc 

6.6
a 

3.00
8 

t-lean 11.73:1:0.96 65. 1 22 .. 9 6. 1 2.85 
:1:S.E. :to. 66 :1:0.44 :to. 19 :to. 07 

0 9.47.:1:0.33
a 

59.1
8 

20.3
a 11.8 

b 
2.91

a 

2 13.4':1;0.39 
c· 

60. l' 25.1
b 

6.6
i1 2. 42C1. 

4 '4.311-o~4Tb 57.9
a 25.4 

b 
9.3

a . a 
2.28 

76. 56:t04 35
h 

64.S
a c 

8.S
a 

2.60
d 

T3 6 24.8 

8 13. 76:t0 4 30
b a 

23.5
b 8.3a. 2.-611).. 6 1.3 

10 ,?89:t0.SO
c 63.8d. 22.3 

b 
6.3

8 
2.86

8 

12 9.39'0.0~ 67.98 22.4c 
5.88 3.03a. 

Mean T2.G1.±O.98 62. 1 23.4 8. 1 2.67 

.IS.E. :t:1.30 :1:0.70 .±O.79 ;to. 10 

. .. contd. 



Table 5 . .5 

TIeat- !lours 
ment 
group 

(1) (2) 

o 

2 

4 

6 

8 

10 

12 

Mean:tS.B. 

o 

2 

4 

6 

8 

10 

12 

Mean:±S.E. 

o 

2 

4 

6 

8 

10 

12 

Mean:tS.B. 

:35 

A mml'uli a. -N, Mic~abi~l protsin, microbial counts .!;.'Hi 

lactic acid concentration dt different.: hOI..;J:s 

post-feeding and probiotic s!J.pplemellt:.s. 

Ammonia-N 

rmg/ iOOml) 

(3) 

11. 04:f:O. 22
a 

16.49:1:0.50 c 

19.44:1:O.30
c 

Microbial 
protein 
rmg/ 100ml) 

(4) 

62. O..t3. Od 

75. 5:1:3. 5d 

a 
95.0:1:4.0 

14.31~O.J7C 102. O:f:3. oQ 

12. 79:tO.30
b 

108.0:1:3.0
11 

11.74:1:0.23
dC 

110.0:l:5.0
a 

11.24:tO.12
ab 

114.5:1:3.5
11 

13.86:1:1.18 95.29;0.'4 

11. 32:1:0. 30
a 

15. 56:t0. 38
b 

18.39:t0.26
b 

13.69<0.27" 

72. 64:t0. ISh 

i7.74:t.O.Oa
dC 

a 
82.0:t3.0 

be 
92.0:1:7.0 

b 
108.5:1:9.5 

ab 
108.0:1:3.0 

ab 
114.5:1:3.5 

be 
lZ?Ot3.0 

11.16:1:0.20
ah 

127.5:t.3.S
bC 

13. 50.t: 1. 00 

10.89:1:0.33
11 

i3.92:±O.278, 

76. 3B:tO. 4211 

12. 75:1:0.25
a 

11. 93:!:O.21
Ci 

11. 36:1:0. 22
a 

?D. 74:t.O. 15 d 

12.57:1:0.76 

104.79:1:8.3 

. a 
68.S.:t3.5 

95.0.t:4.0
c 

b 
,70B.0.:t3.0 

b 
714.S:t3.5 

b 
121.Dz3.0 

e 
T29.0:tS.O 

134. 0.t:3. a
C 

110.0:t8.5 

Microbial 
countsB 

(x 10 ) 

(5) 

7. 6.:tO.92
a 

8.4.:t7.03
a 

a 
11.0:d.09 

11. 8:t I. t8
a 

a 
12.2:tO.44 

a 
15. O:t!. 41 

16.4:t1.02~ 

71.8:1:1.21 

n.O:tO.77
a 

7O.6:1:0.87
a 

73.6:t1.44
a 

18. 2:tl. 16h 
b 

19.8:1:1.16 
b 

25.0<1.48 

27.0:l:0.94b 

17.9:r2.47 

• 9.0:r1.00 
a 

11.6.:tO.92 
a 

14.8:t1.07 
a 

17.0±O.89 
b 

23.B.:t2.48 
e 

31.6:rl.69 

36. 0:t4. 03 c 

20.5:t3.87 

Lactic acid 

(mU!L) 

(6) 

a 
O. 29..tO. 010 

O.2U:O.010
c 

O.91:IO.OOS a 

O. 46:tO. 0 lOa 

a 
O.33.t:O_010 

0, 28:tO. 005
Ci 

O. 27:i:O. OOSa 

O. 68:tO. 027 

O.3T.:t.O.005
a 

1. 93:±O. 002
b 

0.8 7;tO. a70
a 

O.37:!:O. 020a. 

O.30:±O.OOSa 

O. 28:t.O.O W
a 

a 
0.28='0.005 

0.67=0.033 

O.28:tC.OOS
a 

1. 24:tO. 030a. 
. . a 

O. 8tisO. 005 
a 

0.40=0.005 

O.33.tO.OOOGi 
a 

a.30rO.OOS 
a 

O.29:!:O.OOO 

0.52=0.014 

. .• Conta. 
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•.•. . Contd ... Table 5.5 

----------------------
(I) (2) (3) (4) (5) (6) 

0 11.67:tO.16
b 68~5.t3.5a 8.2:1:1.16 

a o. 27.t0. 0 10ii 

2 16. 17:1:0. 46
c 

82.0:tB.O 
ab 

B.6±O.67
d 

2.1]:1:0.030 
be 

4 '9. 28;t0. 42
c 

95. OJ;4. 0 
a 

9.8:1:1.32 
a 

0.87±0.020 
a 

14. 23xO.46 bc a 
71.4.t'f.60

Q a 
T. 0 102.0.f3.0 0.5 r:tO. 0 10 

12. 79:tO. 23
b • a O.J3:tO.020il 8 10B.O:J:3.0 11.6:1:7.81 

10 12.09:1:0. lobe 174.5.t3.5 
ab 

13.6:tl.83 • 0.29.1:0.005 • 
12 11. 53:tO. 22b 

. ab 
721.0:1:3.0 75.6:tl.60

a O. 28:tO. OOSa 

Mean:tS,E. 13.97.1:1.08 98. 71:t7.0 11.3:1:1.01 O. 67:tO. 026 

a,b,c, figures 
hours in 

wit.h different superscript.s at. similar 
a column differ significantlg (PL 0.01). 

T1' £.acidophilus (I); '1'2' ~.cerevisiae (B); 

T 3 , ~.acidDphilus (I) + ~.cerevisiae (B); 

'1'4 I without. supplement (Control). 



Table 5.6 Rumen fluid volume and flow rate of liquid digesta on different 
p~obiot1c supplements. 

Treatmen t 
groups 

Tl 

T2 

T3 

T4 

-------_. 

Body weigbts 
of animals 

(Kg) 

3'6.67;t6.39
d 

296.00;t3.46ii 

301.67;t5.04a 

. . . 
297. 33:r5. 21 

PARAMBTERS 

Rumen fluid 
volume 

(Lit.) 

30. 25;t2.39a 

25.9?:rO.73a 

26.67:fO.41a 

25. 16:fD. 85
d 

Rumen t.'luid 
volume d$ 

percentage 
of body 
weight 

(%) 

9. 53:tO.57a 

8. 75;tO. ?7a 

8.84.tO.04 a 

8. 46.±O. 16a 

Flow rate 
of liquid 
digesta 

(Lit./day) 

5?OO:t3.79a 

5CJ.83:r7.28a 

5?48;t7.76~ 

46.69;t3.85a 

a,b,c, figures with different superscripts in the same row differ slgnifi=antly (PLO.Ol) 

T I L.acidophilus (I); T , S.cerevisiae (B); T
3

, L.acidophilus (I) ~ S.cerevisiae (8)i 
1 - 2 - -

Ttf' Without supp.lcIIlent (Contrdl). 

-~ 
" 



Table 5,.7 Statistical analysis DE different parameters or in ~iXQ rumen fermentation. 

d. f. MSS 
DM OM 

Between hO:.lrs 3 1854.38 121.34 

Between treatments 3 48.86* 11.06* 

Error 4 I 1.02 3.98 

d.f. 
TVFA 

6 212.6 ; 

3 31.69* 

242 0.93 

MSS 
NH -N 

3 

254.24 

25.10* 

1 1. J 0 

-- ---'---- --- -------------.--- ---- ----------- ---------------------- ---- - ----------- - - - - - --

d.f. MSS d.f. MSS 

Acetate Prop. Buty. Acetate :Prop M.Protein Lactic Acid 

Between hours 6 17.4 i . ?0.93 8.29 O. 14 6 3351.41 2.79 

BetWeen treatments 3 33.43 4.78* 1.50 0.23* 3 594.92* 0.07* 

Error 18 8.46 0.52 2.18 0.01 46 28.69 0.02 

d. f. MSS d.f MS5 
Rumen fluid Vol. Flow rate Microbial counts 

BetWeen hours 2 5.35 379. 49 6 603.21 

Between Treatment:s 3 15.23 14.8 3 682.71* 

Error 6 5.38 18.9 730 21.29 

• Significant at 5% ll!:!vel. 

c, ., 
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PHASE - III 

efficien£~ on varlous~robiotic su~elements 

6. 1 RESULTS 

Earlier observations on in vitro and in vivo 

experiments revealed that supplementation of a mixed cu.).ture 

of ~.£S..revisiae (B) with ~.acidophi.l~ (IJ proved better 

compared to other treatments. Therefore two growth trials 

,were conducted, one on pre-ruminant and the other on post-

ruminant calves supplementing tbe above mixed .culture. r'{i th 
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pre-ruminant calves (1 week old) a growth trial of 98 days 

duration was conducted on 20 animals, divided into two 

groups DE ten animals in each group. Another growth trials 

was conducted on other 20 post-ruminant calves, divided into 

two groups of ten animals in each group, for a period of 

238 days. A meta.bolic: trial was conducted on all 20 animals 

in the post-ruminant group towards the end of growth trials. 

The results of this study are presented in ensuing 

paragraphs. 

6~1. 1 Effect of sup£!~nt~~~2~~ live W£~~~!_~~!rr_iQ_ 

EE~-ruminant calve~ : 

The data on live weight gain in pre-ruminant 91;olving 

c~lves is pres<?nted in Table 6.1 (Fig 6.1). Nhile the 

initial body weights were similar between groups, the body 

weight after 98 days of experimental feeeing were 67.1 and 

76.7 kg in control and supplemented groups respectively. 

The total body 

group (36.9 kg) 

weight gain in 98 days was 

than the supplemented gn)up 

lower in control 

(45.6.J.:g). The 

aVerage dcdly body weight gain (g) was 376.53 and 466.21 

in control and supplemented groups respectively. After 

discontinuation of culture supplement average final body 

weight (after 98 days) also appeared higher in supplemented 

group (1i5.3 kg) in comparison to control group (105.9 kgl. 

HOWever ~ the total gain body weight during 
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post-ssupplementation looked more or less similar in both 

groups. 'l'he average daily body weight gain was 

comparatively higher in supplemented group (395.92 g/d / over 

control group (390.82 g/d). From these results it appeared 

that during culture supplementation the calves grew at a 

faster rate. However, on withdrawl of .5upplementa'Cion tr.e 

rate of growth slowed down. 

6. 1. 2 Effect of sUPIl.1ementation Oll: incidence of d iarE.!!!2~~ 

in the pre-ruminant calves 

In general the occurrence or diarrhoea, exp'2-~ted to 

be higher in pre-ruminant calves. Therefore, the cf,llves 

,.,ere inspected daill} and cases of diarrboea were recorded 

in both groups. It was observed that calves remained in 

diarrhoea for 5 _ 9 days in control and 3 _,8 days in 

supplemented group (Ta.ble 6.1). Incidence of diarrhoea 

seems to be less pronounced in culture supplemented group 

compared to control group. However. supplementation do not 

have a complete check on diarrhoea. 

6.1.3 Feed Conversion efEiciency~~~~ed CO~! 

e~£_~~~E~ain in pre-ruminan~ calves 

The totdl DM intake through feed du-·ri~g 98 days was 

68.26 kg in control and 74.41 kg in culture supplemented 

group (Table 6.2). The average DM consumption per: kg of 

live weight gain appears to be lowel' in culture supplemented 

group (1.72 Vs 2.08 kg) as compared to control group. 
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Similarly, reed cost:. per kg of 1 i ve weight: gain was 

considerably less in group supplemented with culture fRs. 

49.60 Vs 6"1.00) in compa17ison to control group. 

6.1.4 Effect of sup~mentation on live w~~ht-2~~~ 

~~ost-ruminant caly~ 

Average live bodg weight of post-ruminant calves 

taken fortnightly presented jn Table 6.3 (Fig. 6.2). The 

mean initial bodg weight of calves on control group was 82.9 

kg and on culture supplemented group 83.1 kg. All the 

calves gained body weight during the experimental period 

and attained the average body weight of 208.0 and 225.0 if.g 

on respective treatment at the end of growth trial (238 

days) • Total bodg weight gain during the 238 days of 

feeding trial was higher;in supplemented group (141.9 kg) 

over control group (125.1 kg) representing 596,19 g daily 

weight gain in supplemented group compared to 525.63 -; in 

control group. 

6. 1.5 BEEect 

eff~~ien~~_and~~~OS!_2er~~~!_2ai~_1£_~~!= 

E!!~inan't_£~.:!..!~~ 

'l'able 6,4 presents Cne efficiencies- of" feed 

conversion towards live weight gain in post-ruminant calves 

fed with and without supplementation of culture. The average 

total DM intake during t"be 238 days of feeding trial were 



Fig. 6.2 : BODY WEIGHT GAIN IN POST­
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809.16 and 860.43 kg in control and supplemented groups 

respectively. However, feed consumed per kg of live body 

weight gain was lower in culture suplemented group (6.11 

kg) Vs control group (6.55 kg). Total feed cost during 

feeding trial was high in the culture supplemented group 

(Rs. 4173.15) over control group (Rs 3912.94). Whereas feed 

cost per kg of liVe body weight gain was Rs 31.48 in control 

and Rs 29.60 in the culture supplemented group. 

Table 6.5 provides informa t i on on the pe rcen t 

chemical constituents of green. fodder (Be rseem) and 

concentrate offered and reslue Le1.tduring metabolic trial. 

The data showing average body weights,. and DM intake 

from concentrate and fodder bas been displayed in Table 6.6. 

The total DM intake was higher in group supplemented with 

culture (5.42 kg/d) as compared to control group (4.90 

kg fd). The DM in take per 100 kg body weight was incidently 

similar in both groups. . . kg •. ,0.75 However"DM lntake per ~ was 

lower for control group (105.26 kg) OVer supplemented group. 

£oefflcients of eeed constituents 

perusal of Table 6.7 (Fig 6. 3) indicated that 

digestibility of DM, OM r CP, CF, NFB, NDF {;. ADF a.ppeared to 
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be higher in the group of animals supplemented with cult'A're 

than those of con~.rol group. However, digestibility of 

was slightly lower in culture supplemented group (66.73'<1 

ovec control (67.73%). Digestibility coefficient of A~F 

l"as almo5t similar in group supplemented with cultt:r-= 

(50.57%) and control group (50.06%). 

Table 6.8 shows the data on intake of aiffere~~ 

0.75 / nutrien ts of g/kg r-l and kg/day 100 kg body weigiH in he:::.': 

groups. Total intake of CP (glday) was 649.54 and 588.88 

in control and culture supplemented groups respectively. 

The CP intake per iOO kg body weight was similar in control 

grou.p (369,71 glday) and supplemented group (372.59 gldiJ.yJ. 

The CP intake per kg of metabolic body size was a1 so not: 

different in the supplemented group compared to contrci 

group (13.73 Vs 13.83 glday). DCP intake was higher in 

group supplemented wi.th culture over control group (463.]t 

Vs 432.45 g/day). However, ,DCP intak@ per 100 kg body 

weight !vd'S 259.03 and 255.79 g/da'l in con t ro1 and 

supplemented groups respectively. Wher~as DCP intake per 

kg or metabolic body size was 9,23 g/d in supplemented group 

and 9.31 glday in control group. TDN intake was 2.71 and 

2.90 kg/day in control and supplemented groups, 

respectively. However, TDN i.nt:ake per 100 kg body weigh t 

was 1.54 Vs 1.02 kg for supplemented and control grollp. 



14S 

Similarly TDN intake per kg metabolic body size was slightly 

lower in supplemented group (57.45 g/day) than those of 

control group (58.18 glday). 

The average nitrogen intake (glday) was 103.78 au-:=: 

710.22 in con t rol and supplemented groups~ respectivel"] 

(Table 6.9). Nit~ogen excreted in dung ~ppears to be high~r 

in supplemented group over control (36.09 Vs 34.3? glday), 

However, N excreted in dung as percentage of nitrogen int~~e 

was higher in control (33.06%) compared to supplemene~'i 

group (32.71%) • N excreted in uri.ne was 43.70 and 43.51 

. per day in control and supplemented group, respectively. 

However, N excre'ted in urine as percent of nitrogen inta."-= 

was 41.91 and 39.39 in control and supplemented group. 

respectively. The efficiency of N-retained as per cent or 

N intake was higher in supplemented group (27" 89%) over 

control group (25.49%). Similarly N-ret~ined as percent 

of N-absorbed was higher in supplemented group (46.01%) over 

control (43.34%). From the data it appears that efficiency 

of nitrogen retention from feed and absorbed nitrogen "'"aE 

higher in calves fed culture supplemented feed. 

6.2 DISCUSSION 

l~e~~-ruminant calves : 

Initial bOdy weight in both groups were statistically 

similar (PL.O. 05)" However~ at 98 day the body weight of 
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calves 1,I8S significantly higher ( by 14. 31 percent) in 

tre.;itment group supplemented with mixed culture (76.7 kg) 

compared to control group (67.1 kg). The total body "'eight 

ga,in during 98 days of supplementati.on in mixed cul tlJre 

supplemented group {45.6 kg} was significantly higher by 

23.58 per cent over control group (36.9 kg). Similarly 

average daily body weight gain in culture supplemented group 

(466.21g ) significantly higher by 23.81 percent 

compared to control group (376.53 g). After discontinuation 

of supplementation final body weight (715.3 Vs 105. g kg) 

and total body weight gain (38.8 Vs 38.3 kg) were similar 

in both the groups. It clearly indicates that supplement 

significanOtly increased growth rate of calves. A t the samt! 

time when supplement is withdrawn growth slowed down to .a 

normal level comparable to con trol. Similar ,results h",',;-e 

been observed in young growing calves (Fallon and Harte, 

1987 and Hughes.,. 1988). In both series ox experiments ye~st 

cul t.ure l,ras included in the calf starter ra.tion 2 

kg/tonne which significantly increa.sed the live weight qa'::i1 

as a resul t of proportional inc);ease in teed intake a:-:o 

digestibility. Simila.rlg in the present experi.ment also a 

higllex DM in take (Table 6. 2) was noticed in culture 

supplemented group (74.41 Vs 68~20 kg). This indicates that 

additional nutrient came from improved intake and might also 

from improved digestibility of feed, as the 



147 

(Table 6,2) in supplemented group was lower (1.72 VS 2.0B 

kg/kg gain in body weight), 

6.2.2 ~~rec~ Qf supplemen~ion £Q_~c~~~Q£~ 

£~i~EEEoe~_~~rumi~anE-~~Y~~ 

The average days oE diarrhoeet. per animal during 98 

days was significantly lower by 35.59 per cent in 

supplemented group (3.B days) compared to control group (5.9 

days). Further in culture supplemented group only 6 animals 

surfered from diarrhoea, however, in control group all the 

10 animals suffered. The result of the present study arl? 

consistl"!nt with the findings of Guo ~ .!.!. (7990). They USEd 

Chinesl"!, Russian and Japanese strain.s of lactic acid 

bacter ia and found symptoms of di arrholO;a d isappearea' .. .!i en. 

a cure rate of 95.81 per cent. Similar, findings \·Jere ais';. 

observed by Kimura (1984), Bonaldi et ~,L (19861. Kopenc:; 

(1989) and Steven and Johnston (1988), They found thp t 1,·i:!e."J 

selected strains of lactic acid bactl"!ria includec! in the 

diet, the calves bad no digestive disturbance with re=gard 

to diarrhoea. As earlier reported by Be=chman et al-. (7977) 

a low incidence of diarrhoea was due to attachment of lac~ic 

acid bacteria on intestinal epithelial with a removal of 

pathogenic microorganism. Gilliland et ai.. ( 1979) sh 0(,'-':; d 

thpt feeding humans unfermented milk containing cells of 

significant increase in the numbers 

of lactobacilli in their faeces. In a similar type of study 

in which unfermented whole milk containing cells of 
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Ellinger et ala 

(1978) observed decrea.se in number of col iform bacteria in 

their faeces. It concluded from the present study that 

lactic acid bacteria with ~.£~~~~~ had a significant 

check on diarrhoea. However, further research need to carry 

out to select the strains to completely check the diarrhoea. 

6.2.3. 

and fed cost l2er unit 

The statistical analysis of dat<J (PL 0.05) on D,'" 

intake dllring 98 days culture supplementation significantl:; 

improved the DM ir.take by 9.11 per cent in supplemented, 

group (74.41 kg) compared to control (68.20 kg). However, 

tile DM intake per kg of live wei.ght gain was significantly 

lower by 17.31 per cent in supplemented group (1.72 Vs 2.CB 

kg! • This ind i Cd ted that culture supplement in the 

calf increased <he efficiency of feed pre-ruminant 

utili.zation. Similarly total feed cos~ and feed cos t per 

kg ga.f.n in body weight were significa.ntly lowered by 9.43 

and 33.51 per cent respect:ively compared control 

tIea tmen t. In several studies it has been found that yeast 

culture supplement significantly increased the feed i.ntake 

in cal ves (Bonald.i et ~., 1986; Fallon and Harte, 1987; 

Hughes, 1988), St.eers (Adams e< ~.!. , 1981) , lacta ting COk-' 

(Malcolum and Kiesling, 1986 ; Quinonez e< aI, 1988, 1989; 

Williams 1990a; Williams et al' T 199 1 ; Woblt §:~ i!.t... , 1991) 
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and in bulls (Drennan, 1990). This additional Dt4 intc.ke 

bg calves provided extra energy Eor a higher gro~.,th rate 

as observed in the present experiment. 

Dhoi (1992) reported that supplementation of strains 

of yeast and lactic acid bacteria significantly incre.;;sed 

the feed conversion efficiency in the kids. Similarly, 

Steven and Johnston (1988) also recorded 9 percent advantage 

in daily weight gain and B percent advantage in feed 

efficiency when only lactic acid bacterial culture h"aS added 

in the diet of calves. 

The initial body weight in the both groups being 

similar, the body weight after 238 days ot growth period 

were signi-ficantly higher by 8.17 percent (225 Vs 20"8 kg) 

in group supplemented with mixed culture of S.cerevisiae 

(8) (I) as compared to control group. 

Similarly total live body weight gain in supplemented group 

was significantly higher by 13.4.3 percent (141.90 Vs 125.1::'i-:g) 

over control group. The average daily live body weight gain 

in supplemented group of calves was significantly higher 

by 13.42 per cent over con~rol group calves. 

The results of the present study corroporated to 

reports obtained with supplementation of S.cerevisiae and 
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lactic acid bacteria by Bonaldi at a1. (1986), Kopecny et 

a1. (1989), Vue-tic et a1. 

calves. However, Phillips 

(1989J and Liberse (1991) in 

and Vontungeln (7985), Quinonez 

et a1. (1989), and Mutsvangwa et a1. (1992) did not find 

positi,ve reSponse wich supplementation of S. cerevisiae and 

lactic acid bacteria in the young and adult cattle. This 

lack of responses might be due to the differences of strains 

and quality of culture used in the present experiment. The 

supplementation of same strains {(§.:cerevisiae (B) <I­

~'E!ci£!.E.philus (I) ] as used in the present study has also 

resulted to improve the body weight gain significantly in 

kids (Shoi, 1992). 

Growth is influenced by different factors such as 

nutritional, hormonal, biochemical or genetical. Since 

there is no reason to suggest that culture supplel1}entation 

stimulates hormone profiles in the body (Williams, 1990a), 

the influence oE culture on rumen functioning might have 

affected the growth rate. The additional nutrients available 

in the diet due to higher intake might have also a 

supportive factor for increased growth rate. There may be 

an increase in the metabolisahility of digesta absorbed 

from the rumen or change in rat:e of pasage of the d.igest.ii~ 



,s, 

6.2.5 !!.£eect:. of sueplenrent:ation on_--,e~e~e~d!O-_con ve r s i on 

efficiency and fead cosL£er unit: gain .in post­

ruminant calves 

Feed vain ratio is one of the important nutritional 

parameter to eva1udte the effect of culture supplement in 

the diet of growing calves. Tbe efficiency DC feed 

supplement for growth in calves is discussed hereunder. 

Feed conversion efficiency on live body weiqht gain 

in both groups is gi.ven in Table 6.4. Anima.ls supplemented 

with mixed culture of S.cerevisiae 

(I) consr.ut'led significantly higher 

(B) 

DM 

and 

bg 

!1..'2-.£idophilus 

6.34 percent 

(860.43 Vs 809.16 kg), However, the cOJ?,sumption of DM per-

kg of live body weight was significantly lower by 6.72 per 

cent (6.11 Vs 6.55 kg/kg bOdy weight gain). During trial 

total Eeed_.~cost was significantly high~r by 6.65 per cent 

(Rs 

"as 

4173.15 

lowered 

Vs 

by 

3912.94). Feed cost per 

5.97 percent (Rs 29.60 

supplemented with mixed culture._ 

kg body weigh t 

Vs 31.48 J in 

gain 

group 

An improved DM intake was observed in post-ruminant 

on culture supplement in the presen~ study. Simil.;;rly Adams 

et al (1981), Phillips and Vontunge1n (1985); Bonaldi ~! 

al. (1986), M.!llcolll/fl dnd Kiesling (;986), Fallon and Harte 

(1987)1 Hughes (1988) Williams et al. (1991), Wohlt~! !!l:.. 

( 199 1) and Mutsvangwa et ~ (1992) found a high~r DN intake 

with supplementation or yeast culture. 
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In accord~nce to the present: study Bonaldi et: ;,1. 

(7986) reported "that when DM intake calculated in terms of 

DM consumed per kg of live body weight gain, it ~'as 101,/(=r 

in group suplemented with ~.cerevisiae and ~.~£id~£~i££~. 

More recently Drennon (1990) reported improvemen ts 

in 1 i ve weigh t gain, feed conversion efficiency and "" 
inta.ke when yeast culture containing was 

included i.n the diet of bulls over a 205 da!:l tri,al period. 

Similarly, Bhoi (1992) reported a higher feed conversion 

efficiency in kids, where same s.trains of S. cerevisiae and 

were supplemented in the diet. However, 

Quinone~ et .!4.., (1989) did not find any response in DM 

intake in HF calves. But they also did not find any effect 

on body weight gain in the calves. This may be the effect 

of supplement of different strains of microbial culture used 

in hls study. 

Based on the over all treatment means in Table 6.4 

after accounting for maintenance requirement of calves given 

culture, required an extra energy for a higher live body 

weight gain. The additional DM intake provided extra energy 

for calves given culture. No other physiological eefects 

need to be proposed ~o explain the effects of oulture. 

The increase in voluntarg feed in take by cal ves 

getting culture supplement in their feed may be related to 

pH modulation via reduction in lactic acid concentration 
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(Williams, 19900.) • Williams ~t a1. (1991) reported that: 

low ruminal pH from diets high in rapidly fermentable st.arch 

fed t:o young calves was a fa.ctor limiting appetite. and tndt 

low pfJ ,.;as related to high levels of lactic acid in the 

developing rumen (Frost and Nevison, 7989). But: in present: 

study the level of concentrate was not high since calves 

were fed forage and concentrate in a ratio of 60:40. In vivo 

results also supported that lactic acid concentration was 

within a normal range. 

It is clear from the results that the addition of 

mixed culture of ~.£~evi~ia~ rB} and '~'!£.!£9.2.~ilu~ (I) in 

t:he ration of calves stimulated higher DM intake and rumen 

fermentation with a higher concentraton of propionate and 

TVFA, along with enhancing the feed conversion efficiency. 

6.2.6 Chemical composi~ion of feeds and residues: 

In the present study level of nutrition was not 

changed in both groupS, even with regard to SOUrce of feed 

stuffs. During m~tabolism trial the calv~s of both the 

groups were offered green fodder (Berseem) and concentrate. 

CF content of berseem was comparatively b~gher due to ~he 

late cut. The proximate constituents of berseem were well 

within the range reported by Sen and Ray (7971). The 

COncentrate mixture "as adequate in protein and energy 

contents. 

fodder. 

Resi.due collected in the morning was ma inl y fr!').-r. 
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6.2.7 Eff~E!~~~~~~~~ntatio~~~~~~~ta~~-E~ 

.e£2:.E.=.£!!~inant £!!.!.!~~.!!£l!!2 metabolic trial: 

The aversge body weights of calves at tbe sta.rt of 

metabolic t.ei"d were significantlg higher in culture 

supplemented group since the calves in this grovp grew 

significantlg due to treatment effect. During the period 

of metabolic trial the calves on culture supplement grollp 

again exhibited the higher gain in body weight. During 

metabolic trial DM intake through concentrate was similar 

in both groups. However, DM intake through green fodder 

(Berseem) was si.gnificantly higher in, culture supplemented 

group, t'hus total DM intake was also, significantly higher 

in the same treatment group. DM intakes per TOO kg bcdy 

weight and per Kg metabolic body size were, not statis;tically 

different in both groups. The calves in supplemented grOtlp 

were heavier therefore, physiologically DM intake was also 

higher. 

The performance response can be explained by the 

increased nutrient supply resulting from increased intake. 

Yeast culture- has been shown to ·improve nutrient supply to 

the animal at a fixed i.ntake (Williams ~i ~.!., 1990b), but 

in farm trials its effects on intake appears to be the most 

important cause DE imp+:oved performance. The stimulatory 

effects of culture on fiber digestion provide an immediate 

explanation or increased intake. 
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coefficients of feed constituents: 
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Results of digestibility of feed constituents are 

presented in Table 6.6. 

6 • 2 _ 8. 1 !!~E!:.!l.~~l:..l:l.!!l.. 

Df1 digestibility in control and culture supplerilentea 

groups t-lere 55.54 and 57.58 percent, respectively. Th€! DX 

digestibility was significantly higher (3.67%) in calves 

of group supplemented with mixed culture in the iiEt. D .... 

digestibility results of the present study is in Clr.:ccrdanc':':: 

",ith response observed by Bhoi (1992) I.,ith supplcme:;eatior. 

of mixed culture or s t rd ins of 

Other workers also found a 

higher CN digestibility with suppIementlition of yeast cultu,l"!2 

in steers (Williams et i!'!:"., 1991) and in bulls (Nutsvangl"a 

et !!l., 1992). supplementati.on of probiotic in tr..e fonr. 

seems to improve rumen environment which enhanced ON 

digestibility. The s~imulatory effects of cultur~ en DM 

digestion provide an explana.tion of increased intake noticed 

in present experiment. 

6.2.8.2 OM digest.ihilit;y 

Digestibility of OM in control and supplemented group 

were 67.35 and 65. 19 percent, respectively. 

digestibilit!! significantly enhanced (6.26%) 

supplementation of culture. 

by 

014 

the 
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Digestibility CP in con tIal and supplemented 

groups were 66.73 and 67.29 per cent, respectively. CP 

digest.ibility was slightly higher in supplemented group but 

variations observed were non-significant. Similar results 

have been reported by Le Gendre et 031. (1957); Adams et 

~. I (7981); Arambel and Kent (1988) and Mutsvangwa ~! !!~ 

11992}. However, Weideier et ~i., (1987) and Wahlt !t! ~. 

(1991) found that supplementation of yeilst culture improved 

the CP digestibility when included in the diet of ruminant. 

They reported yeast culture proviaed some factors 

stimulatory towards proteolytic bacter i"a. Bv t in the 

present experiments presence of any stimulatory factors 

were not noticed. 

6.2.8.4 CP Digestihili~: 

Digestihility of CF in con t r01 and sup[J1em~nted 

grou.ps ,t'ere 66.64 and 68.03 per cent respectively. CF 

digestibility tended to he higher in supplemented group but 

without sho~ing any significant effect. However, Shoi ,f992) 

found in kids that supplemen ta tien ot. mixed culture 

containing same 

£.~£i:.E..££hi.:!..!!.@. 

digestibility. 

II} 

strains of S.cerevisiae 
--~-----

signific~ntllj improved 

Whereas supplemen ta tion 

IE; and 

the CF 

of alone 

did not improve the CF digestibility. 

contrary to the results of present experiment, 

supplementation of yeast culture also reported to improve 

digestibility of cellulOSe {Wohlt 199 1 J and 

hemicellulose {Weidmeier et ~.!. I 1987 J. 
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J!lng and \Iarel (1987) noted that increase in the 

number of cellulolytic bacteria did not correspond to 

increase in digestion cell wall, cellulose or 

hemicellulose. Similarly, Firkins et al. ( 1990) also did 

not find any response in hemicellulose digestibility by 

supplementation of yeast culture. These factors might be 

responsi.ble for not showing improvement in fiber 

digestibility in the present experiment. 

Digestibility of HE was similar in both groups. The 

results of the present study with re'gard to digestibility 

of E8 are at par with results obtained by Bhoi (1992) in 

the kids. Culture supplement did not show any effect on 

performance ,/or prolireraCion 01' lipolytiC bacteria dnd no 
.' 

such repoort is available in earlier liternture. 

6.2.8~6 

Digestibility of NFE in control and supplemented 

groups I"ere 56.17 and 58.14 percent respectively Ivhich are 

statistically non-significant. Bhoi (7992) also reported 

either 1n combination or individually not pro"duced any 

significant response when included in the die-t of kids. 

The digestion of NFE is neither checked nor enhanced in the 

prsent study. 
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6.2.8.7 NDF Digesribili~: 

Digestibility of NDF in control dnd supplemented 

groups were 54.59 a.nd 56.12 percent respectivel!!. However, 

the difference betweeen both groups was statistically non-

significant _ Harrison ('987); Arambel and Kent (J9BB); 

Firkins et a1. (1990); Wahlt et al .(1991) and Mutsvanq; .... a 

et i!.!. (1992) also reported that supplementation_ of 'least 

culture had no effect on digestibility of NOP. Til i:; 

statement confirms the prEsent findings under this project. 

However f in contrary to present results Bhoi (1992) found 

that supplementation of S.cerevisiae - --------- (lr) with or without 

!:!..!!£~~Q!:.l:.~ (I) improved the digestibility of NDF in the 

kids. This might be due to differences in the species of 

animals and their feeding regimes. The results of the 

present exper imen t;s concluded that: a mixed culture of 

~.£~£~~isf~~ (E) with ~.acidophilus (I) had no effect on 

the digestibilit.y of calves fed under 60:40 forage 

concentrate ratio. 

Digestibility of ADI! in the control and supplemented 

groups Were 50.06 and 50.57 perce"nt respectively. The 

difference between both groups was non-significant., Earlier 

workers (Adams ef: :!l.., 1981; Harrison, 1987b; Weidmeier et 

~., 1987; Arambel and Kent, 1988; Firkins ef: aid 1990 ; 

and Wohlt et a1. 1991) also did not find any response of 
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yeast cu)t.:ure to enhance ADF digestibility which confirms 

the results of the present study. lIowever, 8hoi (1992 ) 

reported tllat in goats supplementation of ~.£~£~y.£~.£~~ (E) 

alone or in combination with £.~£i~£££il~~ (I) increased 

the j",DF digesti.bility due to improved buffering action or 

altered rumen environment. But such type of response is not 

encountered in the present investigation with calves. 

In the present experiment", the pr.esence oE yeast 

culture in the rumen had effects on rumen stoichiometry and 

increased rate of DM degradation which resulted in increased 

forage intake and growth of animals. Williams et al. (1990J 

found that .presence of yeast culture tended to increase the 

DM flow in duodenum and absorption from small intestine in 

It is p1!lrticularly important with die1:.s where 

physical. limitations on rumen fill may restrict the amount 

of material entering the rumen. The "accepted conceptual 

model for the effect on intake assumes a maximum capacity 

of the reticula-rumen for digesta volume. The animal eats 

forage un til this is achieved, after wbieh further intake 

depends on the creation of space in the rumen as a :!'esul-= 

of the outflow. This in turn depends on ra"te of reduction 

of forage particle size and hence rate of digestion. 
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significantly higher by 16.95 percent (30.63 Vs 26.19) 

in culture supplemented group over control. Nitrogen 

retained ~s percent of intake and absorbed were calculated 

and found statistically similar in both groups. But again 

a higher tend~nc!! of.'nitrogen retention was observed in the 

culture supplemented group. Earlier studies also indicated 

that. supplemelltation of cultures increased the nitrog!'!n 

retentions in the kids IEhol, 1992) and in huffalo calves 

(Baksh i and Langer (1990). This m-ight be due to increased 

absorption of protein from the small lntestine~ t-thich was 

Slightly higher in the present study but did not reach to 

a statistically Significant level. William et a]. (7990) 

also found that add i tion of yeast culture in sileep 

significantly increased the absorption of non-dmmoni", 

nitrogen from small intestine. Erasmus /1991) conducted 

his experiment on lactating HF cows with yeast culture 

supplementation, He reported that Cows give!n yeas;:: culture 

shot,'ed lIon-ammonia-N and flow rate higher over contrel 

mainly due to increased microbial-N flow. Microbial-N was 

56 and 47 percent of N-intake on yeast culture and control. 

Amino acid concentration of duodenal d.igesta i;: cows cn 

yeast culture was significantly higher for threonine, ~erine 

cystine and metilionine, and lower for glutamic acid compared 

to cont ral group. These contentions support present finding 

",'Jlere nitrogen retention was found high on mixed cul ture 

[E..£££.£.y.i~iae (B) and !!..acidophilus. (I) supplementation.) 



162 

lJowever, other ·workers reported faecal and urinary 

nierogen losses and nitrogen retention were uneffected by 

the addition of yeast culture (Le Greidre et ~~., 1957; 

Adams et ~.:!.., 1981; Wohlt et al. 1991 and Mutsvangwa et 

~. , 7992. This might be due to differences in quality oE 

protein present in the diet. 



Table 6.1 Body weight gain and inci.dence of diarrehoea in 
pre-ruminant calves kept on with or without: 
probiotic supplement. 

ParameteL'S 

Initial body l.Jeight (Kg J 

rinal body weight (Kg) 
(98 day trial) 
due ing supplementation 

'fotal gain ill body weight 
(Kg) 
during supplementation 

ilverage dai ly body 
I'leight gain (gjd) 
during supplementation 

,lverage days in 
diarrehoea 

Final body 1·If.~ight (Kg) at 
98 day post supplmenetdtion 

Total gain in 
body weight (Kg) at 
98 day post supplementa.tiOll 

Average daily 
body loISlght ga1n (g/d) 
during post supplementation 

Control 
group 

30.2±7.80 

67. i:t4.82 

36.9s4.43 

376.53:t4S.21 

5.9.i7.66 

Probiotic 
supple­
men ted 
group 

31.1:H.53 

76. 7:1.-3. 76 

45.6±3.65 

466.21:t37.0i 

J.8:tO.93 

105.9:t4.74 115.3:/;4.72 

3B.3±1.20 38.8:/;1.04 

390.82~12.27 39S.92:tl0.63 

Statistical 
observa­
tions 

::5 

s 

s 

us 

;;5 

each value is the average of 10 observations (PLO.05). 
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Table 6.2 

------

Feed conversion efficiency and feed cost: per 
unit gain in pre-ruminant calves kept on with 
or without probio~ic supplement. 

16.; 

Par,lm~ ters Control 
group 

Probiotic 
supple­
mented 
group 

statistical 
observa-

Total DM intake (kg) 
(98 days trial) 
during supplementation 

Total gain in 
body weight (kg) 

DM intake per 
kg gain in body 
Weight (Kg) 

Total feed cost (Rs) 

Peed cost (Rs) per Kg 
gain in body weight 

68.20 
::t2.75 

36.90 
:t4.43 

2.08 
:1:0.26 

1942.03 
.t96. 18 

61.00 
:tB.33 

74.41 
£2.18 

45.60 
<3.65 

1. 72 
:to. 13 

2144.19 
:t74.67 

49.60 
:tJ.84 

ti OlJS 

s 

s 

s 

s 

s 

---------------------------------------------

Baci. value is the av-erage of 10 observations (PLO.05), 



Table 6.3 Body weight gain in post-ruminant calves kept on 
with or without probiotic supplement. 

Parameters 

Initial body weight 
(Kg) 

Final body weight 
(Kg) 

(238 days trial) 

7'otal gain in 
body weight 

(Kg) 

Average daily 
body weight gain 

(g/d) 

Control 
group 

82.90 
~ 1.38 

208.00 
:3.49 

125.10 
:t3.69 

525.63 
:1:15.50 

Probiotic 
supple­
mented 
group 

83. 10 
1;3.03 

225.00 
:1:3.68 

141.90 
.±4.50 

596.19 
i:18.92 

Statistica.l 
observa­
tions 

NS 

S 

S 

s 

Bach value is the average or 10 observations (FLo.05). 
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Ta.hle U. ·'1 Feed conversion efficiency and reed cost per 
gain in post-ruminant calves kept on 
or without probbiotic supplement. 

unit 
wi th 

Parameters 

Total DM intake (Kg) 
(238 days trial) 

Total gain in 
body weight (Kg) 

DM consumed (Kg) 
per kg bodg weight 
gain 

Total feed cost 
(RS J 

Feed cost (RS) 
per kg 
body ."eight gain 

Control 
gcoup 

809.16 
~8. 97 

125.10 
1:3.69 

6.55 
:to. 19 

3912.94 
:t44.88 

31.48 
:to.80 

Probiotic 
supple­
mented 
group 

860.43 
x14.10 

141.90 
:t4.50 

6: II 
:1:0.20 

4173.15 
.t48. 58 

29.60 
::to. 95 

Statistical 
observa­
tions 

5 

5 

s 

5 

s 

Zach value i.s the average of 10 observations (PZO. 05"). 
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Table 6.5 

Parameters 

Organic matter 

Crude protein 

Crude fibre 

Ether extract 

167 

Promixate and Van Soest compositon of feeds and 
residue of post-ruminant experimental calves 
(%, on DM basis). 

Greed fodder Concentrate Residue 

87.60.tO.50 92. 27iO.J4 87.58±0.54 

15.90:tO.71 19.30:/:0.59 16.94:/:0.87 

21.1Hl.DO 10.19:/:0.28 17.20:=0.91 

7.4S:f:O. 10 3.80:tO.18 7. 72:tO. 11 

Nitrogen free Extract 49.15:/:1.31 58:99:£0.48 5:. 73:t2. 2 1 

llsb. 12.41:1:0.50 7. 73.tO. 34 12.421:0.54 

Neutrdl detergent fibre 51.37:tO.79 49.37:±1.11 5;.O4±O.23 

Acid detergent fibre 40. 29:i:O. 88 8. 39.±O. 48 37.14=1.57 

Each value is the average of four observations. 
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Table 6.6 IIverage daily feed intake during 
post-ruminant calves kept 
probiotic supplement. 

metabolic trial in 
on with or wi thout 

Parameters 

Average body weight 
at the l)egiaing of 
metabolic trial 

Average body weight 
at the end or 
Metabolic trials 

Concen trate 
DM In take (Kgld) 

Green fodder 

D" intake (Kg/d) 

Total ml intake 
(kg/d) 

DM intake per 100 kg 
body Iveight (Kg/d) 

DN inteke per kg 
W 0.75 

(gld) 

(Kg) 

(Kg) 

Control 
group 

167.31:4.42 

169.9;1;4.43 

1.99:rO,07 

2.95:tO,07 

4.94:1:0.70 

2.931:0.11 

10S •. 26:r3.44 

Probiotic 
supple­
mented 
group 

184. 3.t3. 99 

187.6:1:3.91 

2.13:1:0.06 

3.29:tO.07 

5.42:tO.ro 

2. 93:!.-O. 09 

107.931:2.82 

Statistical 
observa­
tions 

5 

5 

NS 

S 

s 

NS 

NS 

Each value is the average of 10 observations (PLO.OS). 



Table 6.7 

Parameters 

Dry matter 
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l>igest:.ibility coeEficients(%)of nutrient.s in post­
ruminant calves kept on with or without. probiotic 
supplement. 

Control 
group 

55.54 ;I; 0.49 

Probiotic 
5upple­
men ted 
group 

57.58 " 0.8 7 

Statistical 
observa-
t 1. on s 

S 

Organic matter 61.35 ;I; 0.64 65.19 t 0.90 S 

Cl.·uds Protein 66.73 ;J; 0.72 67.29 i. 0,69 N_<:: 

Crude Fibr~ 66.64 > 0.57 68.03 i. 0.63 11 '-' 

1·;tJler F:xtrilct 68.73 • 0,80 67.73 t 0.63 he 

Nitrogen free Bxtract 56.17 .f: 0.59 58. 14 I 1.04 pc 
,,~ 

Neutral detergant fibre 54.59 i. 0.64 56. 12 i. 0.90 NS 

,leid detergent fibre 50.06 1.-0.71 50.57 i. 0.89 to·':.," 

Each value is the average of 10 observations (PLO.05). 
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Table G.B Nlrteient intake in post-ruminant calves kept on 
fd th or wi thout probiotic supplement 

----------
Parameters 

CP intake (g/d) 

CP intake per 
700 kg body weight 
(gla) 

CP intake per 

kg W 0.75 (gld) 

DCP intake (gld) 

[)CP intake pe.r: 
100 kg body weigh t 
(gld) 

DCP intake' per 

kg fl· 75 (gld) 

TDN intake (kg/6) 

TDN intake per 
100 kg body weigh t 
(kgld) 

TDN intake per 
kg I' 0.75 (gfd) 

Control 
group 

649.54' .t 18.96 

369.71 ~ 23. 19 

13.81 ;t 0.60 

432.45 :t ? 1. 5 1 

259.03 :t 12. 13 

9.31 :t 1,61 

2.71 1: 0.08' 

t.62.i: 0.06 

58.18 .x 2.20 

Probiotic 
supple­
mented 
group 

688.88:t 14.36 

372.59 ;t 13.52 

13.73 :t 0.43 

463.31 :t 9.82 

255~ 79 :t 7.75 

9.23 :t 0.26 

2.90 :t 0.08 

1.54 :t 0.08 

57.45 :t 2.28 

Each value is the average of 10 observations (PLO.OS). 

Statis::ical 
observa­
tions 

NS 

NS 

NS 

S 

NS 

NS 

NS 

NS 

NS 



Table 6.9 Nitrogen balance in post-ruminant calves 
~ith or without probiotic supplement 

kept an 

I'arameters 

N-intake (g/d) 

N-excreted in dung 
(g/d) 

N-excreted in dung 
il5 % of intake 

N-excreted in urine 
(9Id) 

N-excreted in urine 
as % of intake 

N-balnce (g/d) 

N-retained as 
% or N-intake 

N-retained as 
% oE N-absorbed 

Control 
group 

103.78 .i <.98 

34.39 :t 1.41 

33.06 :t 0.68 

43.70 ± 2.79 

41.91:t 1.16 

26.19 ± 1.02 

25.49 :J: 1.37 

43.34 ± L67 

Probiotic 
sl.Jppl~­

men ted 
group 

110.22.i. 2.30 

36.09 :t 1.20 

32.71 ;;l.- 0.69 

43.51;t 1.46 

39.39 i 0.71 

30.63 .:t 0.54 

27.89 :t 0.78 

46.01 ;!; 1.04 

Statiscical 
observa.-
t i on:5 

,',is 

NS 

115 

5 

';5 

I!S 

Each value is the average of 10 observations (P[0.05). 
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Table G.10 Statistical analysis of body weight gain and feed ':;-:::'lersio:7. 
efficiency in pre- and post- ruminant calves. 

Parameter!:; Calculated 't' value ---- -----------------------

Initial body weight 

Final body weight 

Total gain in 
body weight 

Daily hody weight gain 

Days in diarrhoea 

Final body weight 
(Post-supplementation) 

Total gain in 
body rveiqht 
(Post-supplementation) 

Daily body weight gain 
(Post-supplementation) 

Total DMI 

DM intake/kg gain 

Tota.l feed cost 

Feed cost/kg gain 

----

Pre- Post-
ruminant ruminant 

0.86 1. 10 

2.44* 3.46** 

2.56** 3.57** 

2. 11 '* 3.63** 

2.38* 

1.02 

1. 96 

1. 74 

2.37* 2.40* 

2.24* 2. 19 • 

2.29* 3. 14** 

2.46* 3.53** 

For each parameter number of paired observa tions ().'ere 10 • 

• 
Significant at 5% level. 

*. Significant at It level. 
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Table 6. t 1 Statistical analysis 
recorded during 

of different parameters 
metabolic trial in 

post-~uminant animals. 

Parameters 

Initial body wt. 

Concentrate DMI 

Total DMI 

DMllkg W
O

.
75 

OM Dig. 

CF Dig. 

NP8 Dig. 

ADF Dig. 

CP intake/100 kg 
body ryt:. 

DCP intake 

Per day 

per TOO kg body 

kg 
0.75 

per r~' 

N intake/day 

wt. 

Calculated 
't' value 

3.21** 

1.26 

2.26* 

0.84 

2.46* 

1.03 

0.44 

0.91 

1.15 

1.37 

1.48 

1.87 

3.61** 

Parcuneters 

Final body wt. 

Green Fodder DM I 

DMI/100 kg Body wt. 

DM Dig. 

CP Dig. 

EE Dig. 

NDF Dig. 

CP intake/day 

. . 0.75 
CP ~ntake!kg W 

TDN intake per ; 

day 

100 kg body wei2ht:. 

Kg wO• 75 

N balance 

Ca.lculated 
't' value 

3,34** 

2.33* 

0.93 

2.84** 

0.69 

0.81 

0.64 

1.53 

2,32* 

;r. 5 ~ 

'1.64 

3.94** 

N excr~ted in dung as: N excreted in urine as: 

glday 1.53 

% of intake 1. 16 

N retained as: 

Percent of N intake 1.01 
Percent of N absrobedl.68 

glday 

% of intake 

For each pa.z;a.meteJ; number of paired observations l..rere 10 • 

• •• Significant at 5% level Significant at 1% level 

:.74 

7.08 



CHAPTER - VII 

SUMM~RY AND CONCLUSIONS 



7. SUMMARY AND CONLUSIONS 

SUMMARY: 

Manipula1:ion of intestinal micro-flora in both 

ruminants and non-ruminants has a significant effect on feed 

efficiency and growth rate. Manipulation for optimum rumen 

fermentation and digestion can be achieved .by suppl~mentation 

of live microbes as dietary adjunct. The commonly used 

dietary cultures ( Yeast or/and lactic acid producing 

bacteria) also called probiotic have been'reported to enhance 
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ruminal production of total volatile fatty acid, anaerobic 

and cellulolytic bacteria along with reduction of ammonia, 

m,ethane and lactic dcid concentration. The achievement of 

optimal ruminal condition is known to improve feed intake 

and efficiency of feed conversion towards growth and milk 

production. Howe ver, d.i :£EeTen t strains of lactic acid 

bacteria reduce pathogenic microorganisms in the 

gastro-intestinal tract and inc.r~ase immuni ty towards 

diseases and anti-tumor activities. These supplements are 

sai;er to use since they have no ill effect; on the health 

or animals or consumers like that of antibiotics. The use 

of probiotics as growth promoter is the·refore an answer to 

enhance animal productivitiy. 

The information on the influence oE diffrent strains 

of micro£lora on rumen fermentation and feed utiliz~tion 

E01: growth is lacking in India. The present investigations 

were thereeore, carried out with two strains of each 

(New name !i!£~f!..tococcus 

salivarius ------- subsp. and S.cerevisiae. - ------- Si.x 

strains evaluated through .ruminal stud ies (in vitro ----
and in y"ivo), metabolic trials and growtb experiments. The 

results obtained in different experiments have been 

summarized in the ensuing paragraphS. 
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7.1 In yi~ro rumen fermentation influenced bg the 

~221ementation of individual microorganisms 

In the first phase six strains oE microorganisms were 

evaluated in !:itIo using wheat straw and concentrate mixture 

(60;40) as substrate. In vitro sgstem was suppLemented with 

each strain of microcrganissms (@ 10
9 

cru/vessel) and data 

collected at 24 and 48 h incubations. The different 

treatments were as follows: 

Treiitments Microo~anisms supp~mented 

Lactobacillus acid0eQilg~_ (R) 

f.acidophilus (Il 

Streptococcus thermo~~ilus (BSTJ 

§... thermophilus (CH) 

Sachromgces cerevisiae (522) 

S.cervisiae r81 

T7 Without supplement (Control) 

7.1.1 Effect of 5npplmentation On DH and ON de9radab~~: 

DM degradability at 24 hand 48 h incubation periods 

improtfed in "treatment groups T 7(50.48 and 52.34%); T 2 (5'7402 

and 53.81%), TS (52.52 and 54.79%) and T6 (55.57 and 56.86%) 

respectivelv over control group (T
7

) (49.30 .nd 51.40%). 

OM degradabillty also showed the similar trend CIt both 

incubation periods. The degradability increased by 
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supplementation of both strains of S. cerevisil'ie folloe"ed 

S. cerevisiae strain B exhibited bet ter 
- ---------

performance. However, the strain of ~. tlJerm0E.,hilu!E. did no:: 

perform Gignjficantly. 

7.1.2 Et:EecL!!.!!. in ~i:!E.2 total volatile eatt!:} acid (TVPIl) 

Concen'trat:ion 

TVFA concentration (meg/l00 ml) was higher in all 

culture supplemented groups at 24h and 48h incubation 

(Treatments '1'" 6.64 and 8.61; Ti' 7.65 and 9.45; T3 ,6.56 

and 7. 79,;T
4 

,6.53 and 7.68; T 7.71 and 9.78; T6 ,8.96 andl0.89; 

6.03 and 7.59) • Strain ~.~~iae (B) exbibited 

higher TVFA production over other strains. 

7.1.3 Bff~ct on in vitro microbi·al population: 

M::robial counts (X r0
7

) were significantly higher 

in all culture supplemented groups at 24h and 48h of 

incubation {Treatment T
1

, 26.35 and 35.45; T
2

, 32.30 .;:J:1-i 

34.10; T
J

, 18.25 and 25.60; T
4

, 17.05 and 24.55; 7'5' 36.7[' 

and 49.;'5; 49.05 and 12. 75 and 

respecti,'ely} F hut strains 

microbial population over the strains of lactic acid 

producing bacteria. 
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7. 1.4 ~{f~ct~ in Eitro ammonia-N cOQce~tration; 

11mmonia-N concentration (rog/IOO mJ.) I-Ias sigT.i=icant:;~' 

lOI~'er in treatment groups T 
5 

(17.68 and 19.08) by r]. ee - - ,. , ... -
17.58':;; al)d T

6
(lS.93 and 16.45) by .'12. 4 7 28.9<:'1:, 

respecti\-"ely at 24 h dnd -:8 h lncubatjon period_~ compare~' 

to Con t 1:01 group (20.53 and 23.15). The red~=tion i~ 

ammoniaN was more pronouaed on suplementing s~:ains of 

7.7.5 Effect on!Q vitx£ microbial 2E£!cin-~: 

Microhi.al protein -N (g!kg 011 digest':aJ .... ·as 

significantly higher in all culture treatment grc>.-'ps. The 

respective values at 24 h incubation lv-ere 42.35, 45.22, 

40.11, ]9.50, 46.67, 48.75 and 38.91 and at 48 h [y'f'ie 50.6';, 

56.09, 49.87, 52.49, 55.47, 61.03 and 45.15 tor treatment 

7. 1.6 ~££~ct~£!£ vitro ~o~al gas production: 

Sr.rpplementation of f=.. acidoehilus (I) and both strains 

of ~.£erevisiae significantly reduced the gas production. 

The total gas production (ml/g substrate) was 75.0,71.4, 

68.4 and 83.2 at 24 h and '00. " 97.4, 93,' and nO.8 at 

48 h incubation period for respective trelitment groups T 2 , 
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7.2 Supplementa~lon of live microor~anisms on in vivo 

rumen fermentation: 

Two microbes ~.acidophilus (Il and ~.~~:!..isiae (IJ) 

were selected on the basis of earlier experiment dna 

evaluated 1~ vi~£ either individually or in combination. 

The treiJtments were 

, , 
2 

2.cerevisiae fE), 

f.acidophilus (I) + ~.£~~visiae (E) 

Wi thout supplement (Control) 

£IN degradability was significantly higher in group 

T2 by 10.28 dnd 7.21% at 6h (35.43 Vs 32. :~%) anu 12h (;.5.':8 

Vs 42.42%) respectively Similarly DM di'!gradability :'"2S 

higher in mixed culture by 16.55, 11.66 and 4.970 at 6,'2 

and 24 h. 

7.2.2 Fiber deqradabl1it~ 

The fiber degradability on treatment group T 2 (23.10%) 

was significantly higher by 14.98% at 6 h compared to control 

group (20.09%') a.nd treatment group T3 compared to control 

by 18.87 and $.87 % at 6 b (23.88 vs 20.09%) and at 12 h 

(25.65 vs 23.56%), respecti vely. Supplementation of 

~.£~revi~~ a.lone had stimulatory effect upto 6 h but: in 
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combina~ion with ~.acidophilus (I), the degradability was 

higher upto 24 h. 

The TVFA concentration (meq/l00 ml) l\'as siq .. ific04J.y 

higher on mixed culture (T
3

) by 6,64, 12.50, 11. i3, 9.::', 

ii.SO, 17.49 and 7.19% at Oh (9.47 vs 8.85), 2h (23,41 ',?S 

17.92), 4h (14.37 Vs 12.93), 6h (16.56 vs 15.08), ah (13,'6 

Vs 11.77), lOb (11.89 vs 10.12) and at 72 h (9.39' ..,s 8.";6) 

compareri to control group. lIowever, on S.cerev;,":iae al·~.",", 

(T 2 ) shoc."ed a higher TVFA concentration by 6.29 a.nd 7. ~:?; 

at 2h ('12.69 vs U.92) and 4h (13.86 V5 12.93) compared 'to 

control qroup. 

7. :2.4 Concen'tra1:..ion DC individual vola.tile Eaf.:1;', acid in 
---------------------------------------------~---------

the rumen' 

Group (§..cerevisiae alone) showed a hig!'J~r 

concentration of propiona.te by 9.91, 9.55 and 10.42% at 2, 

4 and 6 h and group T
J 

(mixed culture) by '3.06 1 '5.45, r 7 • 54 

and 10,6'9 % at 2, 4,6 and 12 h compared to control treatment. 

However, concentraion of acetate and butyrate. were not 

significantly affected bg the treatments, 

7.2.5 Acetate:Propionate ratio in the rumen: 

In treatment group (mixed culture acetate 



propionate ratio was lowered by 9.90, 15.08, 16.17, 8.42 

and 9.49 % at 0, 2, 4, 8 and 10 h., respectively compax/;:,j 

to control group. 

significantly. 

However, other groups did not ditf<;J~ 

7.2.6 Levels of rnminal ammonia-N: 

Ruminal ammaniaN fmg/100 ml) in group T2 t.,as lowered 

09 2.;:)9 1 3.77 and 4.61% at Ob (71.32 Vs iT.67), 2/1(15.S6 

Vs 16.17) and at 4h (18.39 vs 19.24), respectively compared to 

control group. Similarly, group T] showed a lOt.rer ruminal 

ammonia-Nby 6.68,13.91,15.04,70.40,6.72,6.03 and 6.83 

% at 0, 2, 4, 6 .. 8,. 10 and 12h respectively compared to 

control. However, supplementation of !!.:.. 5!£idop"h.i..!.!:!.!E. alone 

did not affect significantly. 

7.2.7 Levels of microbial ~otein in ~he rumen: 

In group 7'3' mcrobial protein (rog/fOO ml) ~evel was 

higher by 15.85 13.68, 12.25,. 12.03, 12.66 and 10.74 % at 

2, 4 r 6 r 8, 10 and 12 h and in group T2 it was higher by 

12.19, 14.21,. 5.67 and 5.37% at 2,4,10 and 12 h respectively 

compared to control group. 

7.2.8 Microbial population in ~he rumen: 

In treatment group T2 microbial population (X 10
8

) 

was similar upto 4 h,. however,. aEter 4 h, it increased by 

59.64,70.68,83.82 and 73.07% at 6,8, 

respectively, compared to control group. However, group 

T3 showed a higher concentration of microbial cells by 
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iD5. i7, 132.35 and 730.76% at 8, 10 and 12 h, compared tD 

control. 

7.2.9 Lactic acid concentration in the rumen: 

fJ;.;cept at 2 h (peak period) the concentration of 

lactic acid (mN11) was siimilar between all group.,;. l. t .., 

h, loh'er con cen t ra tion was observed on t rea tmen t. $ T 2 end 

T. compaced to control. 
J 

Flow rate of liquid digesta I lid ) 

non-significantly higher in treatment groups T3 (51.48), 

T 
2 

(50.83) and (5/.00) respectively as cc':!pa::ed to 

con tIOl- (46.69). 

7.3 Growtll rat.£.£..2tltrient. uti lisation and feed conversion 

T~\'o growth triaJs on pre_ruminant and post -ruminant 

cal yes leere conducted to study the effects of mixed eul tUl e 

[S.cereldsiae (B) and L. acidophilus (I)] on feed ccnversion 

effici~ncy towards gain in body weight. The treatm-:nt grcup 

was compared to the non-supplemented group. In e<1ch t ri a1 

20 ca~'''t:''s were separate.ly grouped into two dnd metabolic 

trial was ~onduc ed on post ruminant calves. 

7.3. T Effect of supplementation on live weight =~ain in 

pre-ruminant calves: 

The initial body weight of pre_ruminant calves was 
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3 • , , . kg on treatment group and 30.2 kg on contl:~,] group 

Jlo~.;eV<E'r, after 98 days 'trial the respective JiI."~ .. !':eights 

(>iere 76.7 kg and 67.1 kg. Group supplemented :,-ith mixeG 

c!llft1r~ showed sjgnifi~antly f:igher body Iveight g"in (':66.2· 

vs 376 :d g/d). Alter discontinuation of treatment theee 

was no difference in body weight gain in heth the yTCUpS. 

7.3.7. Rffect of supplementation on incidence....2!...- diarr/,o~a 

in pre-ruminant calve~: 

Incidence of diarrhoea was lowered by 35.59 peccen( 

in SUP1,lemented group (3.8 days/animal), where only six 

animals were suffered from diarrhoea as compared to c-ontrol 

group .f5.9 days/animals) where all the ten an:imals were 

suffered. 

Feed conversion e~Eicienc~d reed cost 

per unit gain in pre·ruminant calves: 

Supplemented group showed a higher DM intake (74 41 

Vs 68.20 kg), a lower DM intake per kg of body weight gain 

(?72 Vs 2.08 kg) and a lower feed cost per kg body weight 

gain (Rs. 49.60 vs 6'.00) 

7.3.4 RfEect oE supplementaf:ion on live weight .gain 

in post-ruminant calves: 

The initial body weight of post-ruminant c.;llves 1".'.15 

83.'0 kg on treatment group and 82.90 kg on control g1;Cf.;lJ 

Howel'er, after 238 days trial the respective liv'e ~'e.ights 



w@rE 225.00 and 208.00 kg. The grotlp supplemented ·.>itt mix-:;d 

culture showed significantly higher body weight gain (596.19 

vs 525.63 g/d). 

7. J. 5 Effect oE supplementation o~_~~d conversion efEiciency 

und feed cost per unit qain in Post-ruminant calves: 

In supplemented group total feed intake ~,'as l".igller 

(860.43 Vs 809.·6 Kg), consumption of DM (kg}/kg liVE booy 

weight gain was lower (6.11 vs 6.55 kg), and fee ':.1 ~cst pcr 

kg bod" weight gain was lower (Rs 29.60 Vs 31.48). 

7.3 6 CheMical composition of feeds: 

T!]e CP content in Berseem and, concentr.;It:c :.:-:0:- ':;. ~ :':'0 

The feef! ,..-as adequate /.0 supp.l'J '!'-$S~,,,::·_"·.].' 

nutrienfs to the animals. 

7.3.7 «ffeet oC supplementation on f~ed intake by po~t-

ruminant calves during metabolic trial: 

~otal DM intake during metabolic t~ial ~~~ ~~;~."~ 

in sup;;lemcnted group (5.42 vs 4,94 kg/d) ·c 

co;;, col. flowevec 1 DM intake per ~oo kg body h'e;:?,':': -:in:: t>:J 

kc ~,O.7~ were simijar in both groups. 

7.3.8 h"ffect DE supplementation 00 dig(!5t.i bi Uty c02..£.[,ic~~E.!!.. 

of feed constituents: 

In supplemented group, digestibility cC'f1ffic::e:;~s 

cf DM (57~58 vs 55.54%) and OM (65. f9.vs 61.35%) ~,'f'-r~ higr.-er 

by 3?67 and 6.26 % respectively compared to control group. 
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Ho~everr digestibility coefficients of. other constituents 

were not significantly affected by treatment. 

7.3~9 Effect oE supplemen~a~ion on nutrient intake_in post-

ruminant calves durinq metabolic tr.ial.: 

cr and TDN intake were simil;;r: in 

l!Oh'QV01', DCP intake (g/d) increased bV 7. 1'; pcr·~er.'t 0;:£'r 

COJltI'D.l ,,'roup. 

7.3, TO l-:ffect of suppLementation on nitroqen halance: 

I:l the culture supplemented group nitro~~_-: .1:::::a.:::: 

(gld) :.'<:S bigher by 6~21 % and nitrogen balance {"lId} ~,'i1S 

higller L':.1 16.95% (30.63 vs 26.19) com'paced to cont::0i group. 

However, rlitcogen excretion remained similar in both groups. 

CONCLUSIONS 
-~--------

1. Su ppl emen,ta.:t:i. on DE !::... acidoehilu5.. (I), 

(522 ) and S. cerevisiae (B) enhanced in vi";'·Q 2;:d ---
ON degradabilitg. The strains of geast [~.:·r>r€vis_;"e 

(522) S.cerevisiae (B )] enhanced 

microbidl-ni~rogen, microbial counts, a.nd 

reduced ammonia-N and 'total gas producti01-', These 

eefects fur-ther improved When !=..aci!!.Q.phil.!:!li. culture 

was added along with 5.cerevisiae. 

2. Supplementati,on or §..cerevisiae (B) alone or along 

with f.acidophilus (I) increased the in vivo DM and 

CF degradability. The concentration of ammcnia-N 

and lactic acid reduced on supplementa ti on of 



S.cerevisiae (81 alone or with combi'.'dtion of 

(I I. The propionate CO{lC~ntrd t ion 

increilserJ ... .-1 tli suppl ementation oE S.cerevj~i~e - ------- (8). 

combination with f.~£idQ~Ll~ (1) caused 

lower acetate:propionate ration. 

J. Pre-ruminant calves significantly gained body weight 

at reduced feed cost on supplementation of 

S.cerevisiae fB) + ~.aciciophilus (I) and experienced 

low incidence of di.arrhoea. 

Post-Iumi.n.ant calves kept on supplementation of S 

a higher body gain, lower OM intake/kg be:!'} 'V!€igi;t 

gilin and lower feed cost/kg bou.y weight 9'~ in. u·~ 

digestibility and N-balance improved 

culture. 

"" "" * 



!-:l--FECT OF LIVE MICROBES AS DIETARY ~lDJUNC7' ON 
R(fMINAL FERMBN'I'II.'I'ION, NUTRIENT TJ'J' ILIZAT ION 

~ND GROWTH OF CALVES 

RAMAN HALIK 

SUpplementati.on of probiotic have beer. reported to 

ruminal £eJ::lfelltation~ feed intake and feed effici-:::ncy tOf,.:ards prce;,.:ctil,-e 

traits in ~uminants. Therefore, two strains of each !:.. aci dophi 1 1,;[', 

§.... thcrmopll.i_ 1.IIS and S.cerevisiae were evaluated through Iurniw.1 studies 

fin 2.tE£ omd in ~ ), metabolic tria.l and gl."O~-It1J exped:n~mts. ;n 

vitro system (24 and 48h) s-upplemented with i.ndividua.l stl:ains of 

!=..acidophi]us and S.cerevisiae (@ 709 cEu/vessel) showed improved 

degradabilitlJ of DM and OM with increased concentrcJtion of TVFA, lIIic;.r;obi;d 

protein, m.icrobial counts along with reduced Clmmoni.a-iI and totAl g_lS 

production. In 

supplement(1tion (@ 

viva e.v;per iments 
9 

10 cfu/kg DMI/d) 

showed til'] t s. cerC'v i:;iae 

increased degradability of D.'.! and 

crude Eibrt' t-litlJ increased concentration of TVFA, p.r;opionate, microbial 

protein, microbial counts along with reduced concentration of lactic 

acid, ammOlliaN and reduced ratio of acetate:propionate. Supplementation 

of §..cerevisiae fB} along with li..a.cidophilus (I) showed a. stimulatory 

effect. lIowever, supplement do not: have significant effect on liquid 

digesta flow rate. Data from growth experiment exhibited a signifi.cantly 

higher body weight gain and lower feed cost/kg body ;'Jeight;. gain on 

supplementing mixed culture [~.cerevisiae (B) and £.acidophilus (I)] 

in pre-ruminant ami post-ruminant calves. Incidence of diarrhoea 

significantly reduced on culture supplemented pre-ruminant calves. 

Digestibilitg of proximate principles did not differ but N balances 

increased on supplementing mixed culture. 
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