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T. INTRODUCTION

Eroductivity potential of livestocck cannct e
fully exploited without sufficient guantity of good guality
feed. The feed respurces available in the +tropical parts
of the world are comparatively lower in nutritive value
than temperate regions. on diets having low digestible
feeds, first limitation is lower feed intake associated with
Iower rate at which Ffibrous material digested and removed
from the rumen (WHestcn, 1883). The situvation is particularly

acute in SO‘G‘EJ Asia where chronic annual feed deficits and



annual increase of the animal population are common, thus
making the problem a continuing saga (Devendra, 7988).

Achievement of maximal feed utilization by the
provision of optimal rumen conditions 1s a highly cost
effective method. Traditionally, it has involved manipula-
ting Such parameters as ammonlia concentration, pH or the
level and type of supplementary fat to stimulate and
increase the population of dasirable organisms. Oniy
recently, the addition of live organisms to the rumen has
been shown to be a highly promising appreach. The microbial
supplements have shown fto improve Ffeed conversion efficiency
and health startus of ruminants,-and- known as problotics.
The term *probiotic®™ was ccined'bg.Parker in 71874 and was
dgrived from the Greek words meaning V"for life" which
contrast with more familiar word antibiotic meaning "against
lg}e". The term probiotiec 1is used to des&ribe a product
composed of live microbial cells which are fed directly to
the animals.

Until re&entlg it was not generalilly accepted that
microorganisms previously considered to be tatélly aerobic
could ogrow and multiply in the anaerobic envirgnment present
in the rumen and gut. This situation has pow dramaticaily
changed following the discovery and identification of micro-
arganisms able *o colonise in the anaercobhic ehvizcnment of

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

philus and S.thermophilus are facultative anaerokes and

used asg dietary adjunct Iin the diets of ruminants to improve

nutrient utilization (Sharma and Malik, 1992). The use of



culture supplements has been associated with improvedi Ifeed
intake (Ruf et al., 1953; FPhjillips and Vvon Tungeln, i19%985;
Malcelm - and Kiesling, 1986¢;Fallén and Harte, 1987; Guncher,
i989; wWilliams and Newbold, 1390p), improved milk prodiusction

in dalry cattle and goats (Hoyos et agi., 1987; Teh =t 22.,

t987; Williams and Newbold, 1890a}, alterations in mIilk
composition (Hoyos et al., 1987; Huber et al., i278%3;

Gunther, I%89; Williams and Newbcld, [9380p)},improved weight
gains and feed efficiencies in meat producing animals (Ruf
et al., 1953; Greive, 1979; Phillips and Von Tungeln, 1985;
Fallon and Harte, 1587; Hughes, 1988}. #ang of the culture
supplsments affect directly on microbial activities in the
rumen. The effects are visible From . decreased ruminal’
ammonia goncentrations {bDawson and Newman, 1987; Harrison
et al., 1988), altered VFA production {(Teh et al., 1987;
Grey and Ayan, 1988; Harrison et al., 1988; Martin-gtal.,
1989}, moderated rumina;l PH (Malcolm and Kiesling, 1986 ;
Teh et al., 1987; Wiiliams, 198%a)}, decreased lactic acid
concentration (Williams, 198%a), decreased soluble sugar
‘concentration (Williams, 1989¢, i990a}, reduced methane
production {Williams, 1983¢c, ie80a’;, altered digesclive

patterns (Ruf et al., 1953; Gomez-Alarcon et al., 1987;

Wigdmeier et al., 71987; Williams, 198%a; Chandemana znd
orfer, 1290}, stabilised rumen fermentation (Hérrisﬁﬁ et

ai., 1988), increased vconcentration of anaercbic pacteria
{¥oidmeier ot al., 1987; Harrison ¢t al., 1988; Dawson st

al., 1naa), and incrrnased concentration of celluloliygtic

bacteria {(Weidmelier et al., 1987; Harrisoon et al., 1988&;



Pawson et al., 1i189248), Above results clearly indicate that
supplementation cf live culture improved the fFeed
efficiency. This technigue could be emploued to improve
utilization of the large quantities" of ligno-celliulosic
waste and low guality forages available throughout the
world.

The JIncrease in use ﬁf rmicrobial cultures has been
fueled, in part, by consumer demand for animal products that
are produced with a minimum amount of santibictics and other
growth enhancing drugs. In the most Buropean countries the
use of antibiotic =swbstances, anabslic agents, natural and
recombinant growthrbormones are banpned as growth promoters.,
Furthermore, if India ban on the use qf these products, then
this new possibi._litg will be available for the wuse of
biological aids to improve animal production and increase
praofit margins. Internationally, a number of feed manufac-
turers have started o use én incfeasing amount of microbial
cultures (Dennis, 1992).

buring the past numbker of years, liye cultures
have been used with very encouraging results, howsver, a
lot of gquestions are still to be answered. IFor instance,
to what extent 1is there a stimulatory effect of live
cultures on celluloivtic activity in thé rumen on high
roughage diets compared to high copcentrat_e.'diets? What
is the effect of live culture on ruminal dij;tian rate and
on the rumipnal Eazlance of nultrients? Is there a noticeable
increcase in the amount of microbial mass, especially, of

microbkis?! protein? Tan optimal effect he achieved through



combined supplementation with lactic acid bacteriaz Are
the indigenous strains exhibit egually on in vitro, in vivo
and on growth performgnce? Furthermore it is  widely
accepted that net all strains of yeast and lactic acid
bacteria have the same metabolic activities and growth
aharacteristic&. Similarly, a number of studies have
suggested that the ability of different strains to stimulate
the growth and activity of specvific strains of ruminal
bacteria is not the same {(Dawsen, 19889). These differen-
ces in strains pfcvide an opportunity to Ffurther improve
animali preoduction by allowing £for the selection of new
strains for use in feed suppleménts. Therefore, there is
an Immediate necessity to furéher improve the probiotlc
suppiement by selecting highly suitable strains to enhance
the feed conversion efficiencg and wultimately production.
In the present investigation, efforts have been.hade to
select the highly potential microbial strains to meet the

following objectives:

i) Comparative performance of E.acidophiius,'g.ggermo-

philus and §.cerevisiae on rumen fermentation in

vitro and in sacco fiber degradability.
fii) Thefr Influences on rumen fermentation pattern,

{iii) Their influences on growth of young calves and

efficiency of feed utilisation.
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2. REVIEW OF LITERATURE

Metchnikoff (1808) formulated a thepry correla-
ting the beneficial effects of yeoghurt and the longevity
of Qulgarians. HEe speculated that the intestinal environ-
ment could be improved, through the ingestion of beneficial
microorganisme (lactobacilli). This bazanciﬁg would then
improve health and increase life expecfancy of man
and animals. Thus, the concept of lgne microbial cells inocu-
lation for prophylaxis called probiotic was born. Previocu-

sly it was restricted tg only lactic acid producing hacteria



and mono-gastric animals. However, inm recent years rumen
fermentation was also optimised usipng live microbial cells
to iImprove ruminant productivity., The ¢wo fungal cultures

have received considerable attention {(5.cerevisiae, peast

culture and Aspergillus oryzae, a fungal additive} have been

shown to Increase preoduction of ruminants when added in
small gquantities to the diet, The work {done on supplementa-
tion of lactic acid producing bacteria ailongwith

S.cerevisiae have been reviewed in the ensuing pages.

2.1 INFLUENCE OF SUPPLEMENTING LACTIC ACIDP BACTERIA ON THE
HICROBIAL ECQLUGY OF THE GUT AND THEIR MODE OF ACTION

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

Not all microorganisms taken in the diet surviva
in the digestive +tract through stomach, duedenum and small
intestine due to acidic environment or the pregence cf bile
salts {Renner, 1997}, Gilliland et al. (1%84) reported that

L.acidophilus possessed several characteristics that enable

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

Cultures of lactobacilli identified as L.acidophilus from

the intestine contents of young calves veried in theix
akility to grow 1in broth containing ©.3% oxgall compared
with control broth. In a feeding trial invol?ing new born
calves, supplementation of bile-resistant strain of L.acido-
philus increased population of facultative lactobacilli

in the upper small intestines compared to a strain



exhibiting lower resistance to bile salts {(Kepner, 19491},
it has been demonstrated in differsnt specieg of animals
that Jlactic acid bacteria survive gastro-enteric passage
and are found in the fasces (Garvie et al., 1944; Ushe and
Nagy, 1985;; Jonsson, 1986; Ratcliff et al., 7586; Copway

t al., 1287; Binchl-Salvadori, 71986,71988).

2.1.2 Translocation of microgrganisms from the gut

The *Bacterial translocationt' fis the passage of
viable bacteria throwngh the gastro-snteric barrier inte the
mesentric lymph nodes and other organs. Translocation oscury
in cases of phugiesl damage of z":he nuonsa, immune
deficiency, proionged antibictic treaément or bacteriai
hyperplasia.

Camaschella et al. {1988) had shown that E.geli
wag found in ivymph nodes of all animals (100 percent transe-
tocation}) which had been treated with this micrcwérganism.
n the animals prewtreated with . lactic acid Dbacteria

fL.bulgaricus and S.thermophilus), E.coli were absent In

the lymph nodes and stimulate the iIimmunity (Bourlicux,

1986}. However, S.thermophilus has never been found in the

mesentri¢ Jlymphk nodes npnor in other organs of the animals

treated with this microeorganisms [Camaschella 2t al., 1988).

— r—

In mice feeding of L.bulgaricus and S.thermophilius

gave a reduction in the translocation of PE.cpli into the

mesentric lymph nedes of 70 amd 50 pergent respectively

{Binchi-Balvadori et ;1., 19881}.
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- Competition for wilson and Perini (1888),
nutrients Freter et al. (1983a,b};

Fredrickson (1977)
- pProduction of anti=- Marshell (1887}, Axelsson

t al. (71987}, Attzie et

bacterial substances

al. (71987); Bloksma et al.

f1979)

2.1.4 Aptitumer activities of lactic aclid bacteria

Epideminlogical evidence and dietary studies have
shown that “supplementation of lgctiq acid Jbacterfia may
reduce the risk of calon cancer in both animals and human
{Friend and Shahani, 1984). When mice were intraperitonea-
11y inocuiated with Ehrilich ascites tumer cells, rfeedings
of lactic acid  bacteria inhibited growth of | tumer

(shackelford et al., 1983; Takano et al., 1985) Ffound

similar results with L.bulgaricus and S.thermophilus.

The anti-tumer properties of lactic acid -bacteria
may be due to:
- Inactivation or inhibition Keating (7985)
of carcinogenic compounds in

the gastrointestinal €tract

- Stimulation and enhancement Friend and Shahani
of the immune system of the {1984}
hosgt

- Reduction of activity of the Shackelford et al.(1983);

faecal bacterial enzymes(like Cole et al. (1584);
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p—glucoronidase’azoreductase, Geldin and Gorbach

nitro-reductase) which {f1984a); Cole and
activates carcinogens Fuller {1587)
Degradation of carcinogenic Shahani {1983}
comgpounds

2.1.5 Interactions with immuno—-competence

In the past few years interaction between dietary
lactobacilli and immuno-competence have been studied exten-
sively (Murpofushi t al., 1983; Bourlioux, 1986; de-Simone

ey

et al., 1986b,1988). These investigations have revealed that
lactobacilli not only constitute an integral part of the
healthy' gastro=-intestinal micro-ecoloéy but also invol&ed
in the  hosts protective mechanisms by increasing its
specific and non-specific Immune mechanisms (de . Simone,
1986, de Simone et al., 1986a; de Simone, 1987). Live indi-
genous bacteria or their antigens can in fact peneitrata the
epithelial barrier of the intestine directly stimulating
the immuno-competent cells (Yasui et al., 1989J; Perdigon

et al. (1386a,b;1987;1988) found enhancement of the imnmune

response in mice fed with lactic acid bacteria.

2.2 EFFECT OF LACTIC ACID BACTERIA ON METABOLISH

2.2.71 Mineral absorpticn

Supplementation of lactic acid bacteria increased
the bicavailability of calcium, phosphorus, magnesium and
zine from all diets (Schaafsma et al., 19288). Experiments

on rats resulted ipto 7 and 11 percent higher availabiliey
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of calcium and phosphorus respectively wbeq yoghurt was one
of the diet (Balasubramanya et al., 1984). During ageing
of rats, a dep}ease of bone welght, ash and calcium content
was noticed in +he animals fed a control diet but not in
animals supplemented with lactic acid bacteria (Dupuis et
al., 1985). Consumption of lactic acid bacteria resultéd

into inecreased bone calcium and improved bone formation

{Kaup, 1988},

2.2.2 Cholestrol metabolism

Number of studies suggested that lact;c acid
bacteria produced hypo-cholesﬁ:omic effects in pigs
(G#lliland et al., 1985), rabbit (Kiyosawa et al., 1984),
rats . (Pickinson et al., ?9%1; Rao. et al.,, 1981; Pulusani
and Rao, 71983; Ishida and ‘Kubo, 1985; ‘Grunewalq, 1285 ;
Uchida et al., 1986; Kaup et al., 71987; Abdel Gawaé et al.,
1988; Kim, isge; Metwally et al., i988) and in humaﬁ
(Bazzarre et al., 1983; Jasper et gi;, 1984; Gorbach et al.,
1988;; Rajala et al., tegg). Egpocholestromicr effects were

reported on yoghurt culture with S.thermophilus and

g.bulgaricus (Jasper et al., ia84).

2.3 EFFECT OF LACTIC ACID BACTERIA ON GASTRO-
INTESTINAL DISEASES ’

Apart Ffrom growth, lactic acid bhacteria also
controls diarrheea in young calves. A numbher  of studies
suggested that supplementation of lactobacilli reduced the

incidence of diarrhoea 1in neonatal calves (Fettman et al.,
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1287; Sisscons, 1988}, adult caelves (XKimura, 1%84; Bonaldi

t al., 1986; Kopecny et al., 1989}, steers (Waller et al.,

—— p—

fogg), cattle (Guc gt al., 1990) and in bulls {Libersa,
1921).
piarrhoea symptoms disagpeared at the rate of $5.&

percent when Lactobacillus sp, culture was added in the diet

of cattle (Guo et al., 19%0). Kimure (1984} observed that
administration of 2 1live preparation of bkifidobacteria and
lactobacilli reduced the scouring rate in calves. Bualls

given a mixed probiotics (L.casei, L.plantarum, E.faecin

m

’

B.subtilis, B.pumilus)} increased daily live weight gain by
100 g/3 and had a better carcass classification (Liberssz,
1297 }. Steven and Johnstcn{??&ﬂi raported that inclusion
of lactic acid bacteria in the diet resulted in 36% decrease
in scours. Havrevell et al. (1988) also found that diarrhoeé
was less pronounnced in calves supplemented with

Streptococcus faeciun.

2.4 EFFECT OF SUPPLENENTATION OF LACTIC ACID
BACTERIA ON GROWTH OF CALVES

Most of the studies on lactic acid bacteria supple-
mentatibn are carried out on the rats and pigs (Pollman gt
al., 1984; vVass et adi., 1984; Puller et al., 7586; Mordenti,
iegs; Pollman, i986b; 'Camaschella and Bianchi-Salvaderi,
1987, Camaschella et al., 19858). Whereas a limited number
of studies are conducted ©n - -:the calves (Kopecny et al.,
1989; Vucetic etzl., 1989). Supplementation of lactic acid

bacteria significantly improve the weight gain and feed

conversion efficiency in calves {Havreveoll et al., 1988;
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Kopecny et al., 1289) and rats (Broussalian and Westhoff,
1983; Grunewald, 1985; HMcbhonough et al., 71985; Wong et al.,
1985,1987; Hitchines et al., 1986).

Supplementation of S.bovis, Lactobacillus sp. and

B.fibrisolvens to one week old calves si‘gnif.icantly improve
body welight gain(0.81 Vs 0.64 kg/d). The erfect decreasecd
gradually and disappeared 7¢ days after weaning (Xopecny
et al., 19g9). Butcheson {1980} also reported that
probiotic eliminates the stress placed up o-n calves in early
1ife. Vvucetic gt al. (7989) recorded higher body welight

gain and:a lower energy intake/kg of live weight gain in

caives on supplementation of dietary Lactobacillus sp.

culture. - They alsp concluded that supplementation of this
culture 1is beneficial for 9ounlg calves upte 60 days of age.
Supplementation of S.f{aecium (€ 1.8:{?05 efu/g} in the diet
of calves, increased dry matter digestibility, N—bélance,
feed conversion efrficiency (2.63 Vs 2.43 Fu/kg), dry matter
in faeces and body weight gain (Havrevoll et al., 1988).
Steven and Johnston (1988) found 9 and 8 percent advantage
in daily weight gain and feed efficiency respectively, Iin
group supplemented with lactiic acid ba-cteria. They alsec con-
ciluded that probiotics behaved as appetite _stimulants and
modulators of stress diarrRhoea.

Bakshi and Langar (1990) used Lactobacillus sp.

culture (@ i00g/100kg feed) in growing buffalo calves. The
dry matter Intake, nutrient digestibility, N-retentien and
availability of ME were improved in group of calves recgiv-~

ing ZLactecbacilius sp. culture. They also suggested that
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altered rumen microbial population with modified rumen fexr-
mentation pattern 1in tﬁe presence of lactobacilli waes bene-
ficial for the host.

Howeaever, in veal calves’ supplementation crf
S.faecium did not improve dry matier intake or daily welight
gain (Gutzwiller and Wyss, 1988). Waller et al. (1988) found
that probiotic dif not improve performance sufficiently to
recover the cost of probioctic supplementation.

Probiotics w&rk effectively when the calves are
wganed at early age (Smith, 1865; Barrow et al., 1977;

Tannock, 1883) or reared under unhygienic conditions
(Thickett et al., 1991). Many studies are not well docu-
mented with regard to the culture used, the basis‘ for
selecting the culture and viability of the culture at the
time of feeding {Gilililand, 1988). Surveys of the effective-
ness of probioctics (Pollman, 1{1986a,b; Collington ég al.,
1988; Fox, fogs) also shocwed that the mosﬁ consistant

response was achieved when probiotics are fed to neonatal

and young calves,

2.5 MODE OF ACTION OF S.CEREVISIAE

Work carried at Scotliand Rowett Sesearch Insti-

tute (Williams, 1988, 198%a,b,c,d, 1980a) threw more ligat:

on mode of action of S.ceréevisliae resulting into altered

rumen fermentation, gain in body weight, gmilk preoduction

and milk composition.
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2.5.1 pE-lactic _acid and mechanism

It i& reported +that rumen pH ia mainly associag-
ted with concentration of lactic acid in the rumen
(Williams, 12%0a; wWilliams et ii., tg9i), which is clear
from the earlier investigations rMaleskg}n et al., 1981,
Willigﬁ; et al., 1991) that pH depression colncides with
the concentration of lactic acid. Supplementation of S.
cerevisiae decreased the lactic acid concentraticn which
ultimately help in elevation of ruminal pH {Wilfggms, {gﬁga,
1950a}. Preserice of yeast culture was sufficient t6 "rise
the pH by ©,2 to 0.5 units (Dawson, 1987; Williams et al.,
1991). pH changes in ovrder of 0.2 units may have considera-
ble effect on cellulelysis when the mean pH levels are
low or in the region of 6.0 (Wwilliams, 1289b, 123%0a). Dlets
with readily fermentable carbohydrate or presence cf starch
and simpie sugar depressed.ruminai pH f{Schneider aﬁd Flatt,
1975; Offer, 1990; wWilliams and Newbold, 1380b; Williagms L

al., 1981) lead to reduction of cellulolytic Dbacteris
{ Stewart, 1977; Thomas and Rook, 1i198t)}), dmpaired forage
degradation [(Williams, 198%a,b,c,d) and feed intake [(DOrsiov
t al., 1978}.

In this mechanism ruminal pH dis elevated via

reduction in the concentration of lactic acid by 5.

cergvisiae supplementation. However, lagtig acid is not

& substrate used by S.cerevisliae (Panchal gt al., 1984a).
This effect must have resulted from either direct reduced
lactic acid production (due to utilization of lactic acid

precursor by S.cerevisiae) or by dIndirect stimulation of
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lactic acid wtilising bacteria in the rumen. Authors
reparted' both direct or Iindirect mechanisms to lower the
lactic acid concentratioen. Panchal et al. {(1584a) found that
yeast cells reduce the concentration of starch degrada-
tion products. However, Nisbet and Martin'(f990} reporeted,
S.cerevisiae stimulate the Jlactic acid utilising bacteria

e b et

Selenomonas ruminantum Ffor increased lactic acid uptake

falmost four folds).

It was not likely that the modulation of rumen
pH was the main mechanism where yeast culture affects cellu-
lolysis (wiliiams,1989b,19%0a). The redugtion in the concen-
tration of the simple sugar in the presence of yeast culture
might . be responsible for improve& rumen férmentation
(Hungate, 1966; williams et al., !99}). Mould and ﬁ?skov
(1983~84}) conclude from their work with high concentrate
diets that it was not low ru&en pH per se, but rather the
presence of easily dJdegradable starch that isnhibit Ffibre
degradation. Researchers ({Panchal et al., 1984b; DeMot,
i987) reported that simple sugars were actively transported
across the geast ceil wall, resulting in their removal from

the external medium and Internalisation into the yeast cell

Ffor their utilizaticn.

2.5.2 Production of growth stimulating
factoeors for rumen microbes

Another possibiijty is that yeast cells in the
rumen supply a chemical growth factor to the eellulolytic
microorganisms (Offer, 11930). S.cerevisiae produces speci-

fic factors 1ike B-vitamins or branched chain faety acids



18

to stimulate the growth of cellulolytic bacteria (w2idmeir
and Arambel, i985; Dawhon, igg7; Chandemana and Offer,
1990 ). This mechanism could also explain "the izcreased
number of protozoa with S.cerevisiae treatment(Chung et al.,
1989; Carro et al., 11992). Andries et al. (199G found
similar results when supplementing iso-acids In &is &iet.
However, there 1s conflicting evidence as to the microbial

need for such performed nutrients (Redman gt al., 1980 ;

Sriskandarajah et al., 1982).

2.5.3 Improved microbial population and digestibility

Hany of the beneficial production responses asso-
ciated with the use of yeast culture suppiements can be
directly :eléted to thelr effecté on the increased microbial
populaticon in. the digestive. tréct. Por the most past
evidence for such effects are the result of-'intensiﬁe
studies of microbial activities in the rumen of cattle and
sheep (DPawson, ?990;. Of Fer, 1890; Williams an& Newbold,
1990)b; Edwards, 199?), but is supported by studies of the
effects of yeast culture on digestive activities in the
hind gut of the horses (Glade and Biesik,19386; Glade, 13971).
Increased concentration of total anae:obic bacteria have
been observed, but in a number of studies\increésed concen-
tration of specialized bacteria associated with Ffibre diges~
o o LA

ion and lactic ;czd utilization have been observed (Eigigﬂ,
i992). Such Increase in the number of bacterial cells
suggest that 1live yeast supplements can séimulate cellulo~
lytic bacteria in the rumen and alter cellulose digestion

in the rumen.
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Yeast culture supplementation resulted in higher
cellulolytic bacteria {bawson , 1987 ; Wilillams, 1989hb},
bigher Ffibre degradation (Williams, 1989d; Chandemana and
Crfer, 1990) as well as dry matter intake (Hovell, 1i886;
Lopez et &l., Tagg}, O_f_f_g_r {1990} suggested that S.
cerevisiae stimulates +the jinitial colonization of plant

fragments in the rumen and therefore allowing rapid

commencement of fibre breakdown.:

2.5.4 Feed protein conversion

Rumenn microbes upgrade the biological value of
Ffeed protein by converting it to microbial protein
especially when dietary source of low and medium quality
forage. ‘The addition of yeast culture reduced the émmon‘ia
production in the rumen by 10 to 35% in the din vitro (Dawson
and Newman, 1987,71988; Carro et al., 1992} and diao vive
studies (Adams et 1., 1881; DPawson and Newman, 1987;

Harrison et al., 19874 ,1988; Newbold et al., 13380;

Chandemana and Offer, 1990.}. This results in an Iimproved
microbial capture of ammonia and increased microbiaII biomass
(Dawson, 1587; Wiedmeier et al., 1987; Chandemana and Offer,
1990; Carro et al., 1932). A higher proportion of microbial
nitrogen derived from ammonia-N with yeast culture supple-
mentation support this suggestion {Carro et al., 1992).
The COWSs kept an yeast culture exhibited a kigher
non-ammonia~N (Williams et al., 1990; Erasmus, 1991) and

dry matter (Williams et 1., 1990) flow due to increased

— ger—

microbial-N flow. Also significantly increased the absorp-

tion of dry matter and non-ammonia-§N .from small intestine
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(Williams et al., 1990). Williams and Newbold (79908/demons-
trated that dajily 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 thi_s represents an dincrease In the flow of
useful microbial protein o the small intestine.
Gomez-Alarcon et al. (71987) Found yeast culture supplemen-
‘tation resulted in Higher microbial yield (20.0 Vs
15.59/100g of fermented 0OM) and resulted in more microbial
true protein reaching the duodenum (635 Vs 355 g/d).
In another investigation, Edwards {718971) demonstrated
increased allantoin nitrogen in the urine and decreased urea
nitrogen concentrations in plalsma w;;lich also support 4a
mechanism for enhancing the c¢onversion of ammonia nitrogen
in the digestive tract Into microbial cell mass.

Yeast culture also selectively stimulate certain
rumen microblal population which has an impact on the
protein gquality (Carro et al., 1992) which is indicative
from the amino acid concentration of duodenal diggsta. The
amino acid concentraticon of serine, threconine, cystine and,
methionine was  found higher (Erasmus, 199%9%; Lyons, 1992).
Stimulation of protein synthesis has St;me important implica-
tions and may be used to explain many of ;:he production
responses asscociated with yeast culture éupp'lementation.
Rumen funection does not always supply all the nutrients
regquired for maximél growth or pradu‘ct;‘on Iin ruminrant
animals. Protein limitations are particularlg important 1in

youny growingamimals and in high producing dairy cattle.
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The most beneficial responses to yeast supplementation would
also he expected in animals receiving the low guality feeds

{pawson, 18%2).

2.5.5 Integrated effect on mode of action

Based ~on observations made In ruminant animals
and with cultures of isclated ruminal! bacteria different
models have been developed, which explain the action of
geast cultures on digestive processes apd production tralts
{Newhold, te9¢; offer, ie9p; Dawson, 1990, 18%82; Lyons,
1982; wallace, 1992; Wallace and Newbold, 198%2). ¥None of
these explain its effect collect.ﬁvelg. However, the effect
of yeast on feed intake, ruminal and post-~ruminal processes
cannot be discussed in Jisolation. Lately, Lyons (?992)
putforth that feed intake entirely depends on the changes
gcclrring in the rumen which alse in turn Influence feead
sonversion erfficiency frPig 2.1J. Howevér, all models
explained the effects of supplemente;i cultures on digestive
processes., Dawson ¢t al. (1990) reported increased concentra-
tion of anpaerobic bacteria was vclosely related tol the
presence of live yeast c¢ell in the rumen and was not
observed on heat treatgd yeast or suppiementing killed yeast
cells.

Recently Lyons {1992) proposed - an  alternative
nodel, in which all of the observed effect on rumen fermen-
tation, and the c¢onseguent effects on nutrition, stem fronm
the stimulation of growth and activity of specific bacterisa

by yeast culture supgplementation.
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s

FPig 2,1 Proposed mode of action of geast culture in the yumen
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2.6 EFFECT OF S.CEREVISIAE ON GASTRO-
INTESTINAL DISEASES

Another imgortant function of yeast cells may be
related to their ability to Iinfluence animal health by
preventing gastro-intestinal diseases as with lactic acid
bacteria (Haffeo and Castlglioni, 1983; Beonaldi et =al.,
1986 ; Dawson, 1592). Shityi et al. {(1390) and Pawson (1992}
suggested the addition oOFfF yeast cells to the gastro-intes-
tinal tract can have a significant impact on animal health;
Some opf these effects have been related to the ability of
the vyeast cell wall to bind toxins and pathogyenic bacteria
fbawson, 1982). Unlike zome of the othgr beneficial effects,
the yeast cells in the intestinal tract may stimulate the
Immune system and provide for better protection against
Iinvading pathegens {Dawson, 1832). Currently litrie publi-
shed informations support the use of yeast cultﬁre for
improving animal  health by preventing gastro-intestinal.

infections f{Lyons, 193%¢2).

2.7 EFFECT OF S.CEREVISIAE ON RUMINAL
FERMENTATION

2.7« 1 Bacterial population

One of the commoen features of yeast culture supple-
ments was its abillty to stimulate the growth of cellulo-
lytic bacteria in the rumen ({Harrison et al., 1987a,1988;
Wiedmedier et al., 1987; Dawson, 1990j}. It is particularly

pronounced when Forage containing diets ére fed (Pawson,

1990 }.
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addition of yeast culture in dairy cows lncreased
total viable bacteria and cellulolytic bacteria 1.3 and 1.5

g g
fold (wWiedmeier ot 1., 1287), 12.2 x 10 Vs 7.76 x 10 and

7
.6 x {0 MPN/m]l (Harrison ¢ al., 1987a),

o1

2.0 x ?O? Vs
regpectively.

in Fermenter system yeast culture sddition increa-
sed counts o©f anaeroblic bacteriz (1.3 to 5.0 Ltimes}) and
celluilolytic bacteria (2.0¢ toc 2.5 times) (pbawson and Newman,
1987; Williams, 7980a).

When a pure culture of S.cerevisiae and a mixed
pulture with lactobacilli and epterccocci suppiemented with
roughage diet to the steers, concentration of cellulolytic
bacteria In both were 5 to 40 times greater {Dawson et al.,
i920}.

The comcentration of anaerobic and cellulolytic
bacteria increased on supplementation of live yeast cells
but there wag no increase when supplements were heat treated
fautoclaved 121°% forismin) to kill the yeast (Dawson and
Newman, 1987; Dawson, !990}.‘ A number of studies indicating
Iinfluence of yeast culture on rumen microorganisms varying

with different feed combinations have been reported on the

next page.

2.7.2 pA and lactic acid concentration

One important effect of yeast culture in high con-
centrate rations has been related to its ability to decrease

ruminal lactic acid concentrations and moderate ruminal pH



Summary of situdies describing responses of ruminal microbial population
to yeast cultures supplementation

- - —— - " — Sk L iy e e T de e vk e o g T W b N W e i S el Gl e We R e e v = M A
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Diet Bacterial greoup Condi- conc. in Conec. in Increase References
tion control group yeast grouy

(crux10”/m1)  (CFUx10° /m1)
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50% concentrate Total anae{obes In vivo 12.56 25.5 30% Wigdmeier &t al.
Cellulolytics In vivo 2.50 3.98  5&%* (1987 T

40% silage Total anaerobes In vivo . 7.76 12,3 53% Harrison et a

£0% concetrate Cellulolytics o ¥Vive 0.066 120 g1%* (1988) - =

77% hay Total anaerchkes In vitro 3.4 43.6 11~fold* Dawson et al.
Cellulolytics In vitro 105 3.98 38-fold* (1990)

77% hay . Total anaerobes ;ﬁ vive . 708 7.4¢t 10-fold Dawson gt al.
Cellulolytics In vivo L0719 .158 8-~fold* {1990)

40% hay, 60% Total anaerobes In vitro 104.0 i157.0 50%* ¥ewman and

copcentraie Cellulolytic In vitro 13.4 16.0 19.4d%  Dawson (1987)

Barley based Total anaerobes Invivo G641 i.39 116%* Edwards {1881)

finished dist Cellulolytics  In vivo 018 .035  89%

Lactate-utilizers In vivo L0083 L0277 3fold*

*Indicates statistically significant increases (P/0.10} with yeast
culture supplements

¥z
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{Wiliiams, 92893 ). Williams gt al. figgi) demonstrated
consistently lower ruminal lactic acid concentrations in
the rumen of steers fed & hay plus barley diet when yeast
gulture supplements were used. This decrease in lactii¢ acid
concentration was associated with greater ruminal pH and
lower concentzrations of Oligosaccharides (Malestein et al.,
1587; Williams, 1920b; Wiliiams et al., 1991}. Hartin et
at. (1383} have demonstrated that extract [from yeast
czltures reduce the lactic acid concentration by stimnla-
ting the activities of the lactic acideutilizing bacterium

Selenomonas cTuminantiug. Fdwards (1391} has also demons-

trated greater concentrations of lactic acidfutilizing
bécteria in the ramen of cattle ré&eiving yeast culture
supplement. In this study, the use af yeast cnltu;e
complemented the effects of an ionophore which can also

be useful in controlling Iactic acid production.

2.7.3 Total volatile fatty acid and thelr proportions

Several investigators have ysged increased volatile
fatty acid produstion &y ruminal bhacteria in batch cultures

te measure the stimulatory effects of yeast cultures on

I

¥

ruminal fermentations {Gray and Ryan, 1990; Martin et
1982 }.. However, it has not been possible. to .Cdnsiséentlg
asseciate similsr ipcrease in VFA producfian with yeast
culture supplementation in the rumen or in rumen stimulat-
ing cultvres (Malcelm and Kiesling, ?990; Wagner et al.,
1990 ). Dawson et al.(1990) reported that yeast culture enhance the re-

lative production of propionate ang decrease the ratio of acetate Eo

propicnate 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 3.81 mainly dvee to increase 1in
propiénate {Newbold et al., 1990). In a similar study with
cows Yyeast culture supplementatién reduced acetate (53.7
to 48.2 M%) and acetéte:progionate ratio (2.00 to 1.65) due
to higher propionate production (2?.4 Vs 30.0 M%)}, The TVFA
concentration was lincreased from 172.2 to 184.5 m mole/l
(Harrison etal., 19872), Such changes are ;ndicative of
improved fermentatjion efficiencies and decreased methane
productiqn in thes gastro—intestinal tract, and could
provide additicnal ‘energy for production (Williams and

a5 . '
Newbold, ?999@. In contrast, other studies have demonst;aw
ted JIncrease or non-significént changes 1in the ruminal
acetate to propionate ratio when straw or high concentrate
rations were fed to ruminants (W;edmeier et al., 7987;

ogb
Williams and Newhold, 199?& Edwards, 19971; Carro et al.,

1992). Several authors (Dawson and Newman, 1988; Martin and
Nishet, 1989; Chademana and Offer, 1890} have reported
either sgmall or no change in VFA when yeast cultu?e
supplemented to a high roughage diet. Differences in the
abilitg.of yeast culture to alter fermentation patterns may
be explained 'by differences in dietary tréatments. Review
af the available literature suggest that thefe is ecurrently
not encough data available to identify specific dietary situa-
tions where vyeast c¢can be used as -effective agents for

altering fermentation pattern and end products formation

in the rumen,
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2.7.4 Methane produgtion

Thé carbohydrates {cellulose, starch, sugars) are
fermented 4in the rumen intc acetate, propionate, butyrate
with the Intermediates Iike hydrogen and succinate. The
removal of hydrogen by methanogenesis has been reported to
increase the production of acetate (Wolin and Miller, 1983).
croduction of methane in the rumen resulted to a waste of
0% dietary energy since 2 to 3 percent of total bacterial
pepulation in the rumen represent methanogenic bacteria,
Both propionic acid and Cﬁd formation compete for the
available hydrogen 1in the rumen as a result oFf fermenta-
tion. Yoast cell walls are known to pessess a large éroton
bufferin§ capacity {Cartwright et al., 7986} and offers a
highly alternative from hydrogen transfer to a production
of methane. The molecular hydrogen channeling into microbial
system, and also Iincrease in the efficiency of celluliolysis
resulting into JIncreased acetate production were ochserved
due o supplementation of yeast culture. Yeast thus resu;ted
inte reduction of methane production in steers by 28%
{Williams, 1990aj.

2.7.5 Ammonia producitiom and microbial
proteinm synthesis

Cne of the common observations associated with
the use of yeagk culture in ruminants and rumen-stimula-
ting fermentors has been the reduction of ruminal ammonia
cencentrations {Da-wson and Newman, 1588; Harrison et al.,
1388; Newbolid gt al., 11980; Williams and Newbeld, 1890;

Edwards, 18997§}.
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It 1is suggested that inclusion of yeast culeure
in the diet reduced the ammonia production by 10 to 35
percent in viktreo (Dawson and Newnman, 1487 ,1888; Carro et

al., 1992} and in vivo (Adams et al., 1981; Harrison et al.,

—

1987a,1988; chademana and Offer, 1830; VNewbold et 21.,
1990 7. In steers suppilemented with yeast culture, rumen
ammonia concentratien was slightly lower (78.7 Vs 20.3
mg/100 ml) f(Aadams et al., 1987). However, in sheep ammonia
was significantly reduced by 35 percent (Newbold t al.,
1990}, Cow supplemented with -yeast culture als¢o shows a

significaently lIower ammonia concentration {(87.5 Vs 12.6

mg/l) {(Harrison et ai., 1987aj}.

(‘Reduced ammonia Jlevels have not been associated
with decre;sed protein degradation or deémination fwilliams
and Newbold, 1980). The reduced amount of ammonpia was
utilized for miecrobial protein synthesis In the -rumen
{Dawson, 1987; Wiedmeier et al., 1987; Chademana and Offer,
i390; Carrc et al., 1992}, which was confiémed by gfeater
microbial yield and microbial .true protein reaching the
duodenum (Gomez-Alarcon et al., 1987; TErasmus, 199?). They
suggestéd that yeast may have selective stimulatory effects
on specific rumen bacteria which result in_a shift in the
micrebial population and wonld be reflected in increased
protein synthesis apd amino acid profiles. It is also
supported by studies which indicate that yeasf culture

supplementation ¢an change the amino acid and nitrogen

mgtabolism in horses (Glade, 1991).
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2.8 EFFECT OF S_CEREVISIAE ON FEED
UTILIZATION AND GROWTH

Production response to yeast culture
supplementation vary with species, diet and type of yeast
added to diet. Some of the beneficial production responses
associated with the use of yeast culture supplemernts have
been summarized in the Table given below:

Some ¢ffects of yeast culture supplements
on animal preoduction

Production response Animal References
Increased intake Dairy cattle Ruf et al.(1953),Phillips

and YonTungeln {1985},
bgef cattle, #Malcolm and Kiesling (1986},
and sheep Fallon and Harte (1387},

Gunther (198%), Wiliiams
aeb
and Rewhold (?99@?, HMeLeod

P
et al., (7990}, Williams

et al. (1997)

. . \_//’,
increased milk Dairy cattle Hoyos et al.(71987)}, Teh et
production and goats
al.f1987),Williams et al.
(1291}
Altered milk Dairy cattle Hoyos et al.(1987), Teh et
composition and goats
al.{1987), Gunther(1989),
Witliams et al.(1897)
Improved weight Beegeflf cattle Ruf et al.{1353)}, Greive
gain and feed
efficiency {1975),Phillips, and Von

Pungelin (1985),Fallon and

Harte( 1987} ,Hughes (1988},
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McLeod et al. (1991),

Edwards (1991)

Impreoved diges- Dairy goats Williams et al. (1991},
tion and weight w
gain Bhaoi (1592}

i e e M - A kR e T e R T M W e W e e e M e g e e M T us e A =S

2.8.1 Feed intake

Yeast culture has been shown to improve nutrient
supply to the animal at a fixed intake (Williams &t al.,
1e80Q), but in farm trials, its effect on intake appears the
most Jdmportant cause of jimproved performance. In severél

studies it has been found that yeast culture supplementa-

tion Iincreased the feed Iintake in calves (Bonaldi ef al.,

L

1986; Failon and Harte, 1987; Hughes, 1988), steers (Adams
et al., 1981); lactating cows {Malcolm and Kiesling,I?986;
Quinonez etal., 1988,71989; Williams, 1990a; williams et al.,
1991; Wohlt et al., 1991) and in bulls (Drennan, 19%0).

In lactating cows yeast culture sgupplementation
significantly increased the DM intake by 1.2 to 1.6 kg/d
with a higher milkx production ({Williams, 1990a; Wwilliams
et al., i991). These responses were the results of increa-
sed nutrient supply to the mammary gland vas- a resgult of
increased dietary feed intake, rather than mobilization of
body reserves. The additional DY iIntake provided §71.1 MJ
of ME/d extra for cows given yeast culture, which is used

for milk synthesis and weight gain (Wililiams et ai., 1997},

In steers yeast supplementation significantly increased the

DM intake as compared to control (3.17 vs 2.07 kg/d/100 kg

bh.wt). However, for a unit body weight gainthe feed intake
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was lower (6.32 vs 6.42 kg/kg body welight gain} in a group of

gnimals supplemented with yeast culture. This was reflec-

ted to higher feed efficiency ({Adams ei al., 18871).

Wwilliams (798%a)  suggested  that a direct
stimulation of cellulelysis and Iincreased rate of riber
digestion resulted in higher intake of feed. Yeast culiture
alters the shaps of thé degradation curve causing a
reduction in lag phase before digestion commences. The model
of Hovell (1986} showed how a change of this type can lead
too large Jncrease iIn ad libitum forage intake even though
overall feed digestibility 1is not increased. Evidence 1is
provided by Lopez et ii; {1989 ) which shoéed that voluntary
intake of hay by sheep was related toe the degradation
constants c©f the hay measured in gggég. Intake was close;y
correjlated to the. magnitude of the soluble componsgsnt and

to the degradability rate constant but not to the size of

the potentially degradable fraction.

2.8.2 Nutrient digestibility

A pumber of studies proavided evidenece indicating

that live yeast cells enhanced the digestive processes in
;he gastrointestinal tract. These effects have dirvectly
stimulated groweth and its activity. Such effects have beep
sunmarised in a table on the nexe bage.

S.cgrevisiae supplementation on digestibility

showed g variaple response {Arambel and Kent, 1930; Moloney,

1920; wWohit et al., 1991). Supplementation of S.cerevisiae

increased the digestibility of protein (Wohlt et al., 1997},



Summary of studies describing diregt effects of yeast culture op

digestive processes in domestic animals
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Animal Diet Observation Reference
Cattle Alfalfa Hay In vitro dry mactter tended to fncrease Arambel et ai.
after adaptation to yeast culture {1287}

cattle Hay with barley Increased dry matter ,crude protein and Wiedemelier &t
straw,rolled vats, hemicellulose digestion in the total et. (1987}
beet pulp and wheat tract
hran

Calves Barley/sopa or corn Enhanced dry matter,nitrogen,and organic Fallon and Harte
gluten/barley diets matter digestion in the total tract { 1987 )

cattle 40% silage and 60% No effects of dry matter, fiber hemice~ Harrison et al.
concentrate lTlulose or starch digestibility in the {1588

total tract -

Gattle Hay with rolled Dry matter digestion in the rumen was Williams et ad.
barley enhanced at 12h but not at 24h ' (19391)

Sheep High,medium and low Increased initial rates of organic matier Chademana and
forage:concentrate digestion in the rumen but did not alter OFffer {19%0G)
ratios the ultimate extent of digestibility

Goat Concentrate and ad Increased dry matter,crude fiber' Bhoi (71992)
1ib ifucerne as crude protein, NDF and ADF digestion

fodder . in the total tract

s il T [ e
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cellulose (Gomez-Alarcon, 1587, Wohlt et al., 1991) as well
as that of fiber (Wiedmeier et al., 1387; GComez~Adlazrcon 2t
al., 1890) but not  always (Arambel]l and Kent, 1%90)}. Carro
et zl. {1992} reported that effect on digestibility is depen-
denpt on the Fforage to concenﬁrate ratio. Supplementation
of yeast culture with high concentrate diet resulted in
significantiyy higher DM and NDF digestibility. However,
en high forage diet yeast culture had no effect on DM, NDF
ard cellulose digestibility. Similarly ﬁg vivo studies where
DM digestibiiity was not changed by addition of vyeast
culture (Harrison et al., 1988; Arambel and Kent, 1588;
williamg, 198%a,b; Chademana and Offer, 1990} suggested that
the effects of yeast on digestion'mag'be very subtle and
cannot easily be identified in studies of ftotal tract
digestibility (Williams, 198%a; Gomez-Alarcon et al., 1990
but Influences the Initial digestion ?atés of fibrous
substrate in the rumen {Pawscon, 71%92). GomezuAlarcan‘(?QS?)
reported that yeast cgulture increased the celilulose diges-
tibility of DM intotal fract was similar.

Somé authors (Dawson et al., 1887; willliams,
1989a; Chademana and Offer, 718990; Wiliiams et al., 13391)
have reported yeast cultuyre to ingrease the rate of
degradation ©f DM and fibre in short term experiments funder
24h). However, with an extended period of incubatgon {é&h}
there was no differepce in DM degradability ?Dawson et al.,
1987; Williams, 198%a; Chademana and COffer, 19920; williams

et al., 19%1). In goat supplementation of a mixed culture

of S.cerevisiae and L.acidophilus resulted in a higher diges-

tion rate of pH, CF, NPF and ADF (Bhoi, 19%92).
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In addition,the initial stages of fibre digestion
by cultures of individual ruminal bacteria has been shown
to be enhanced by certain stralins of yeast {(Dawson, 7%890).
In these studies with isolated cellulolytic bhacteria, the
time reguired to initiate fibre digegtion was decreased by
3¢ percent in the presence of live yeast cells. The yeast
could not grow on the fibrous substrates provided in these
cultures and concentrations of yeast cells in these
symbiotic cocultures lincreased onrly 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 iscrease the availability of nutrients in the rumén
and could have a significant impact on intake (Williams and
Newbold, ?9995?

- Supplementation of yeast culture non-significan-
tly increased the liquid dilution rate (Adams et al., 1%881;
Harrison et al., 1887b; Halcolm' and Kiesling, ig9c;.
However, Wiedmeier et al. (1987) found that yeast culture
produced a small increase in the rate of particulate passage
{5.11 Vs 4.52 percent/h) without‘ any change in liguid
outflow rate, which suggested an increase in the rate of
Fibre degradation. ‘

It is clear from these studies that yeast culture
supplements do not have equal beﬁeficial effects with all
types of diets. Loyns (1992) described different diets

where geast culture might be used.
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(i) Mixed forage/caoncentrate diet: The rumen environment

on . this diet typically has a pH low enough to suppress
cellulose digest=ion. Lactic acid, especialiy when high
lactic acid silage is in the diet, can create low rumen pH and
subelinical acidosis problems. Yeast strains selected for
this diet must stimulate fibre degyradation and lactate utili-

zation.

{ii} High concentrate diet: As there is 1little digestible

fidbre in this diet yeast that stimulate celliulose degraders
would have little value. Strains that stimulate lactic acid
utilization, however, would be useful in fighting
subeclinical acidosis anquintaining feed intake,

(iii) High forage diet: Intake capacity. often limits per-

formance on this type of diet, especially when [forage
guality is poor. Rumen modifiers for this diet must maxiﬁize
fibre degradation- and conversion of feed protein to @icro-
bial protein; Increased population of celluleliytic spscies
speed up degradation rate and allow inecrease intake,

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

soluble-N tbén carbohydrate availabie for microbial
utilization. Excess ammonia corossing the rumen wa&l must
ke converted to urea by the liver, an énexgg rgquiring
process. When rumen NiH, levels are in e¢xcess of nmicrobial

needs, addition of the yeast culture should be beneficial.

2.8.3 Bffect of S.cerevisiae on calves growth

Studies on young calves responded well to dietary

supplement of S.cerevisiae alone {Quinonez et al.., 1983;
v v
Hudymae et al., 1280; Wagner et g@al., 1936} and alongwith
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lactobacilli (Beonaldi etal., 7986; lughes, 1988; Vucetic

et al., 1989). Supplementation of S.carevisiae with or
without lacteobacilli increased the live weight gain
significantly with higher DMI ({Fallon and Harte, 1987 ;
Hughes, 1988} and with a lower e¢nergy consumption (YVucetic
et al., igg9).

In & recent trial conducted at National Ppairy
Résearch Institute, Kkarnal on goat kids both crude protein

and crude fibre were digested at higher rate on supplementa-

tion of S.cerevisiase compared to these two excelled over

individual addition. The addition of ipdividual organisms
increased growth rate over the contrel but combination of
both exhibited better resulés. The feed conversion effi-
ciencuy wgs alsc better when a combinatian of both organisms
was supplemented. The control of diarrhoea was more

effective on L.acidophilus supplementation. The data is

briefly summarized in the table presented below:

Peed conversion efficiency of kids on
suppiementation of probiotics

Parameters Treatment gJroups
A B C D
o5

DAT/KGW LO25j/d (g) 68.5 68.5 71.1 71.1
CP Dig. (%) 76.8 75.5 80.1 . 82.6
cF Dig. (%)} 44.1 45.7 55.2 64 _ 3
N~retzined to

N-intake (%) 2d.2 57.8 67,5 65.7
Weight gain {(g/d) 64, 3 87.2 9.6 94,9

e e CORtd.
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Feed consumed/kg
weight gadn { kgl 7.7 5.6 5.6 5.4

Diarrhpea cases
observed {No.} 10 3 8 4

A,Contrel; B, L.acidophilus; C, S.cerevisiae;
D, L.acidophilus + S.cerevisiae

Studies with veal calves showed that inclusion

of S.cerevisiae and L.acddophilus significantly improved

the dailly bpdy weight gain, feed intake and meat yield
{Bonaldi et al., 1986; Hughes, 1988) without affecting
carcass characteristics (Kimenai, 1980). The supplemented
groups were found to be more economical (Hughes, 1%88;
Kimenai, 1990}. when g-ggggvisiaé was supplemented at 7
percent 'or 2 percént of pPMI to calveﬁ after stress, D&I
increased without any difference Fbetween the levels of
supplementation (Phillips and Vontungeln, 1985). However,
body weight gain did not Iincrease consistently. Similarly
"in some studies neither feed intake nor weight gain was

affected by inclusion o©of  §.cerevisiae {Quinonez gt al.,

i989; Seymour'gg al., 1983},

~0-0-0~
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3. MATERITALS AND METHODS

In order to achieve the objectives delineated
for the current project, the investigations were carried
out, Firstly establishing and preoduction oi" variocus
microbial wcultures ¢to be used and secondly to evaluate
the effect; of these cultures on feed degradab.ility‘ and
feed  utilization _for growth. The evaluation of the
cultures is carried in fau; different phases, -In the first
and second phases the cu-ltures were evaluated through 1in

vitro and in vivo studies based upon several parameters.
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In the third phase response of probictic supplement on
the growth 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 methedology used iIn present

study has been detailed separately for preoduction and
meintenance of microerganisms, and procedure foliowed

during each those of the investigations.

341 PRESERVATYON AND PRODUCTION OF
PROBIOTIC SUPPLEMENTS

3.1.1 Source and type of prohiotics

Six different standard strains of microprgani-
sms taken from Naticonal Collection of Dairy Culfures
{NCDC}, Pairy Microbiolegy Division of National Dai}g
Research Institute, Karnal have been listed as under:

fi) Lactobacillus acidophilus (R)

fii) L.acidophilus(i)

(iii) Streptococcus salivarius subsp.

thermophilus (HST) {New name of for

S.thermophilus)

{iv]} S.salivarius subsp. thermophilus{CH)

{v) Saccharomyces cergvisige (522)

fvi} S.cerevisiae (B}




44

3.7.2 Maintepance of standard cultures

the standard strains of é.acidopbilué . and 5.

salivarius subsp. thermophilus were maintained on the

litmus milk, however, strains cf S.cerevisiae were
maintained on the malt exktract agar slants.
The cultures were aseptically Inoculated in

their respective medium and jincubated for 24 to 4&h

depending upon the growth (L.acidophilus and S. salivarius

subsp- thermophilus at 37%  ana S.cerevisiae at 25%¢;.

After optimum growth mouth of each test tube were wraped
in aluminium foil and kept at 4°C for further use upto
a2 Ffortajlght. At a time each strain was lInoculated in two
tegt tubes. One tesgst tubke was uséd for sud-culturing the
medium £or cell harvesting and another- for sub-cultur—-

ing other two test tubes and 50 on.

3.1.2.1 Preparation of litmus milk:

About 10«12 ml of litmus milk and T to 2g of
Caco3 were added in each test tube. fbese test tusés weres
sterilized at 121°¢/15 psi Ffor 30 minutes and incubated
at 37°C for 24 to 48h depending upon the development of
colour. Test tubes having fade c¢olgur were discarded. The

mouth of each test tube was wraped with aluminium Ffoil

and kept at 4°c for further use upto a month.
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3.1.2.2 Composition of litmus milk

Fresh cow skim milk 00 ml

Litmus scoluticon 1.0 to 1.5 mi/100 ml of skim
milk

CaCﬂ3 1.0 fo 2.0gitest tube

3, 2.2,.3 Litmus spolution:

5¢ of 1litmus powder wasg dissoived in 100 ml of
distilled water and heated uptoc boiling. Sclution was

filtered through cotton and kept at 4°¢c for Further uvse.

3.1.2.49 Preparation of malt extracvt slamts:

About 1.5 to 7.5 percent agar-agar powder was
added in the malt extract broth and dissoived by heating.
10 to 12 ml of this solution was added iIin test‘éube and
sterilized at 121°C/15 psi for 30 minutes. After sterili-
zation these test tubes were put Iin the incubator at 25%
for 19 minputes 1in the incliped position for seiting of
agar in slant form. ¥outh of these test tubes were
wraped with aluminium foil and kept at 4°C for Ffurther

use upts a month.

3.1.3 Production and preservation of probictics

For harvesting the live celis of L.acidophi-

lus, S.sajivarius subsp. thermophilus and S.cerevisiae,
the cultures were grown 1n respective media 1ike MRS, LYPA

and malt extract hbroth.



3.7.3.1 Composition of media:

under:

The compositjion aof the media used
HRS
Ingredients g/1
Peptone .00
Meat extract 10. 00
Yeast extract 5.00
K2HPO4 2.00
Tri ammonium citrate 2.00
Hg504 $. 25
MnSod Q.04
Dextrose 20. 00
Tween 80 1. 00
DH 6.2-6.
LYPA
Ingredients g/l
Peptone 5.0
¥Yeast extract 5.0
Beef extract 0.0
IO
Na ,HPO 3
Lactose 20.0

is

given

42

25

pH No'need'tc“adjust
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siag at 25%C). After having final growth the biomass was
centrifuged &t 3000 rpm for 15 minute. The supernatant
was disc—~arded and cells were washed with normal saline
solution (0.9% WNaCl} and again centrifuged at 3000 rpn
Ffor 15 minutes., The ¢ells were dispersed in 10 percent
sterilized glycerol solution which act as a4 cryoprotec-
tfnyg agent ({Satadhouders et al., 137%}. These cells were
preserved in sterilized smalli tubes placing in the liguid
_nitrogen {Gilliland, 1985) for further use. AL the time
of wsing the culture for feeding animals, the tubes were
thawed in luke’' warm water till it attain a room tempera-

ture.

3.7.4 Purity of cultures

The purity of these cultures was confirmed by
microscopic examinaticn using ¢Gram's staining techhnigues

and 5tandard plate count.

3.%.5 Counting of live cells

For estimation of microbial population,‘standard
plate count technique was used before and 1 month after

keeping in liquid nitrogen.

Stanpdard plate count:

Procedure:

1. Culture tube was vigorously shaked by rotating

between the palms to disperse the cells uniformly.



45

2. Several dilutions with normal saline water were

prepared in the following manner:

(i} 1 ml of well mixed culture was transferred
to 3 ml of sterilized salinpe water. #ixed well by rotating
between the palms.

{ii} Transferred ! wl of this suspension to
second test tube containing saline water and repeated the
procedure te 3, 4, 5, 6, 7 and 8th test tubes. The
concentration of the bacterial cells in each of these

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

purpose, 6, 7 and &tlh dilution of cultures were used.

3. T ml1 of solution From &th, 7th and #th dilutions
were transferred into sterilized petri-dishes in dupii-

cate using separate sterilized pipettes.

4 < Six test tubes of agar medium were melt placing
in poiling water and cooled to 45°c in a water bath. The
contents of each test tube were poured Iinto one of the

petri-dish.

5. Mixed the agar with inoculum gently by rotating

the plates Iin opposite directions.

6. Allowed the agar to set in about 5 to 10 min,
invert and incubate at appropriate temperature for 48h
in the incubator. Colonies cf each petri-dish were

counted.

7. The petri-dishes having 30-250 clearly visible

ceolonies in a similar dilution were considered for count-
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ing. The average of twoe plate counts of the same dilution
was used for calculating number of viable microorganisms.
The total npnumber of argaqisms in the culture to be used
for feeding was calculated by multiplying +the Javerage

count with the dilution factor.
PHASE~T
3.2 IN ¥VITRO EVALUATION OF PROBIOTICS

5ix individual strains of microorganisms were

supplemented in the in vitro system (@ 107 "cfu/flask)

using a 60:40, wheat straw:cpncentrate ratio fon DM
basis}. The incubations were carried out for 24 and 48
hours. The following parameters were considered to select
the two migroorganisms each from bacteria and yeast.

i. Dry matter degradability

2. Total veolatile fatty acid production

3. Total gas production

4. Ammonia nitrogen production

5. Total microbhial protein pitrogen

6. Bacterial counts.

3.2a] Feeding of doner animals

Adult rumen, fistulated crosshred male calves
{Brown Swiss x Sahiwal) were fed ad 1ib on roughage and
concentrate in the proportion of 606:40. The roughagyge

consists of wheat straw and concentrate contalned ground-
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nut cake 30, maize 30, wheat bran 37, mineral mixture 2%
and salt 1%. The feed was offered to the animals in the
mocrning at 8 A.M. and the animals were given water at 12

WM. and 4 P.M.

3.2.2 Collection of rumen liquor

Rumen ligquor was collected LFrom the doner
animals from all parts of the rumen into a clean, thermos
flask. The rumen 1liguor was strained through four layers
of muslin cloth., All precautions were taken to ensure the
maintenance of optimum temperature while collecting

anrd handling of rumen Iigquor.

3.2¢BT££ vitro technigue

In witro studies were conducted in guadrupli-
cate according to the method described by Tilley and Terrg
{1863}, The arﬁificial séliva was prepared as per the
method of McPougalls (71648). The samplés were incubated

for 24 and 48 h at 39%c.

3.2.3.1 FPeed _and probiotic supplementatiom:

In each flask 1g of feed, wheat straw:concen-
trate (60:40}) on DM basis was taken as substrate. The
ingredient composition of concentrate mixture is detailed

. _ .

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

cfu per flask except control.



Table 3.1 Composition of concentrate used for substrate
for in vitrg studies

Ingredients Parts P TDN
____________ R oL s SN
Maize 30.0 3.6 25.5
Groundnut cake 30.0 13.5 22.5
Wheat bran 20.0 2.4 4.0
Rice bran 7.0 1.7 .
¥ineral mixture 2.0 .0 0.0
Common sa&alt .0 Q.0 0.0

e —— b — T T e s Tt A W b ph ek A e Al e A e e Y m e  mk wm e
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3.2.3.2 Estimation of in vitro dry matter, crude
Fiber and ocrgani¢ matter degradability:

After in vitre Incubations of 24 and 48k, the
sontents of the Flasks were filtered through G-1
crucibles. The dry matter, crude fjiber and organic matter
were estimated according to ACAC (71984} in the ‘sample oF
feed and In residues obtained in the G-1 c?ucibles_ In
vitre degradability of dry matter, crude fiber and acrganic
matter were determined -by substracting the guantity _of
respective nutrients remained after dpcubation from the
guantity of respective nutrienﬁs in the sampie of feed.

3.2.343 Estimation of total volatile
fatty acid concentration:

Total volatile féttg aéid {TVFA} concentration
was estimated according to Barnet and Reid (1957).

gne ml of incudated rumen Jliguor was Eaken in
Markham's distillatibn apparatus and cne ml of G&Scaris-
brick burfer {5% oxalic acid solution, 16% potassium
oxalate solution mixed 1ir the Tatio of 1:1} was added.
HAundred m] of the steam distillate was collected in a
conical Fflask and titrated against standard O_CIN sodium
hydroxide wusing phenolphthlein - as inaiqator. Tthe total
volatile fatty acid c¢oncentration was calculated by using

the formula:

Volume oFf O.01IN NaOH used
2 a

TVYFA mM/I160mI = x 160

Where,

A = Volume of incubated rumen liquor taken



3.2.3.4 Estimation of total gas production:

Total gas production was measured sccording to
Prins {1987 ) using artificial saliva &s per Mcbougalls
f1948).

Rumen liguor Wa s drawq from the different
animals maintained on a diet of wheat straw:concentrate
in the proportion of £0:40 (DM basis). ©One g of substrate
{60:40 wheat straw:concentrate on pPM basis) was taken In
a 500 ml bottle with a stagndard joint, and {100 ml of
McDougall's (7948) buffer solution was added to each of
the above bottle. The  bottles were Fitted with a
standard jeoeint glass cone pravide& with a =xubber cork at
the top.  These bottles were Incubated .In a shaker water-—
bath maintained at temperaﬁure so that buffer solution
attained 39£1°C. o this, 100 ml of freshly drawn
strained rumen ligquor (SRL) was added amd’ bottles‘ were
flushed with carbondioxide gas £Eo ‘create anaerobic environ-
ment, after removal «of the cone which was immediately
replaced after the addition of S5RL. The gas production
{ml} was measured at 2, 4, 6, &, 10, 12, 16, 20, 24, 28,
32, 36, 40, 44 and 48 hours post-incubation by punctur~
ing the rubber stopper by a flineneeile, 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 of water displacement.

3.2.3.5 Estimation of ammonia-nitrogenf{NH _ ~N}:

3

NHEN was estimated according to Conway (1962).



WATER MANOMETER FOR MEASURING GAS PRODUCTION
IN in vitro RUMEN INCUBATIONS
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Twao ml of 2% boric acid soluticon -mixed
with composite indicator was put in the inner chamber of
dish. One ml of each of 3RLand “saturated sodium carbonate
was put in opposite direction in outer chamber of dish.
Dish was covered with 1its lid and the contents of outer
chamber was mixed by gently tilting. Care was taken so
ghat the contents of dboth the chamber were not mixed.
pDish was Incubarted at 37°C for one hour. The released
ammonia was absorbed in boric acid. The contents of the
inner chamber were titrated against ¢.§1¥ 32504‘ = blank

sample was also kept simultanecusly. Ammonia~N conpcen-

tration was calculated as per following formula:

Volume of 0,0TN H2soaused
x D.14 x 100

Ammonia-N _
{mg/100ml SRL} Voiume of SRLE

3.2.3.6 Estimation of microbial protein:

Microbial protein was precipitated by tungstic
acid (Shultz and Shultz, 1570} and dissolved in ©. 71§ NaOH
to make up veolume 700 ml. The concentration of microbial
protein was gstimated according to Lowery e i. {(¥1231) by

m—

preparing standard curve (Fig 3.2}.

3.2.3.7 Counting of bacterial population:

Ruminal bacteria population was counted accord-
ing to Gall et al. (1949} using nigrosin stain.
The rumen liquor Ssamples were diluted In dis-~

tilled water 50 that thexre was about 10 to 40 microorgani-

sms per field. This dilution usually was 7:1000. A 1:1¢0
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or 1:;100 dilution was made first and shaken vigorously
for 3 minutes. Further d-ilut.ions were made from this and
shaken by hand vigorously,

After shaking, 0.0f ml of the properly diluted
sample was transferred by special Breed's pipette to the
centre of the 1 square cm round area of the Breed's slide.
The diluted sample was mixed with a 3 mm loopful of
satvrated methyl alccohpl of water solution nigrosin and
spread and the material iIin a thin film over the 1 sguare
cm a&area oOf preed's slide. This slide was dried quickly
on a very hot electric plate. |

Usuallg it was best to enld by rocking theslide
from side to side to effect a. V.ery' even ccoclour and to
allow slight evaporation, so.th.at there was not an excess
of fiu..id when the slide i.s placed on the hat p}.até. The
plate was very hot and the slide touched the: plate ‘.at all
points. Drying took 2 to 3 seconds at most. and the ;lide.
was then removed from the hot plate.

BExcess rluid often causes uneven drying. Too
much or too concentrated dye causes cracking, while too
slow drying causes é large area of sh_ri;:k-age. An uneven
p-late causes ridges of dye and any foreign pa.;*:ticle causes
an unstained area which tends to be roundl.

Before counting, a survey of the.slide was made
to see that no part of the slide is u-nrepre.sénl-tative. Then
10 fields from all parts of the slide were counted. The
bacteria appeared white against a black background, wh;‘le

debris takes the darker colcur and was not confused with
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the bacteria. 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 this
area In 10 fields helped for correct representation. Chains
or pairs were counted as one. Any 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 calibrat;ng the microscope

{microscopic factor) with a certain set of oculars.

Calculation of microscopic Factor:

(i} Dpiameter of the microscopic Ffield was
measured with a stage macrometer using 1.8 mm ohjective

and 70X eyepiece.

Area of the frield was calculated by the

formula nr (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

= ?/rg)‘

Number of . . . . .
. = pilution factor x Microscopic factor x average
bacteria/ml : . .
number per field x 100

Precaution:

The first essential to this tecﬁnique was an
absolutely clean slide, New slides were soaked in erhyl
alcohel for at least half an hour, remove& with forceps
and dried with gquick long motions with an absolutely clean

"non-lintly" towel.
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3.2.4 Statistical analysis

Statistical analysis of the data was carried

put as per Snedecor and Cochran (1967).

PHASE-IT

3.3 IN VIVO EVALUATION OF PROBIOTIC

Twe microbes selected on the basis of if vitroe
studies were . eval;ated through in vivo studies for the
selection of best treatment. The micro&rganisms were
supplemented individually and in combination with control.

The following parameters were coonsidered to select the

best treatment out of three:

(i) In vivo DM and CF degradability
{ii) Level of ammonia=N
(iii) Total Volatile fatty acids
{iv] Proportion of volatilé fatty acid
(vl Total microbial protein
fvi) Lactic acid concentration
fvii}) Bacterial count
fviii} Rumen volume and flow rate of

liguid digesta

3.3.1 Selection,fFeeding and management ofF
experimental animals

Twelve crossbred adult male. animals of about

1% to 2% years of age were selected for in vivo studies,
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The animals were operated upon to Ffix permanent fistulae
in the rumen.

The particulars of the experimental animals and
their distribution in different groups are given in Table
3.2. Thus twelve rumen fistulated animals were randomly
divided into four groups of three animals each based on
body weights. Animals in all treatment groups were fed
ad lib (60:40 Green maize:cohcentrate, on DM basis).

Group T, was control with no supplementation of
probiotic, however, the animais of group T?, group Tzf
and group T _ were provided with .g.acidophilus, S.cerevi-

3
siae and combination of both organisms, respectively. The

limiting microbial cells were supplemented @ 709 cfulkyg

of dry matter intake by the animal,.

3.3.2 Pry matter and crude fibre degradability
by Nylon bag technique

In wvivo dry matter and crude fiber degradabi-

lity were estimated as per Orskov and McDonald (1972).

3.3.2.71 Suspensign and Removal of the Nylon bags:

The ground samples (5-6g) of 60:40 wheat sStraw:
concentrate (on DM basis,Table 3.1) wereAQUt in each of
the nylon bag. These were tied properly with nylon thread
tg ap iren chain piece of ?O te 25 cm lenétb'and suspended
in the rumen of fistulated animals. Bach samnple was placed
:n elghteen nylon bags and rfled with three Jfron chains
each having 6 bags tied to it which were:then suspended

in the rumen of three animals to serve as :eplicates}
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Ttable 3.2 Distribution of rumen fistulated adult animals
into treatment groups

P L Ll L e el e

Animal No. Individual body Date of birth
weight {kg)

A S EE g Y e o P PR et e e M e e et =y e kAP e ey A e — n — mm AA e e A o Fem e i MY T oW = e

GROUP-T -~ Without supplement

{conTrof )
KS 389171 318.0 ' 1.05.88
KF 4942 35,0 4.05.88
KS 3880 127.0 26.03.88
MeantS5.F. 316.67x6, 39

GROUP-T3 — Supplemented with
L.acidophilusiI)

K5 3893 396.0 27.65.88
K3 3884 Joz.¢ &8.04.88
K3 3889 2806.0 22.04_.88
MeaniS5.FE. 296.0013,46

GROUP~-Ty =~ Supplémented with
S.cexevisiae (B)

Kg 3923 304.0 8.710.88
KF 4788 292.0 2.02.88
KF 4943 309.0 6.05.88
MeanitsS. 5. 3071.67+£5.04

GROUP-T, - Supplemented with
combination of L.acidephilus{I}
and S.cerevisiae(8)

KF 5004 28a8.0 27.12.88
KS 38792 . 288.0 24.03.8¢

KF g3pdg 306.90 11.05.8¢8

MeanxS.FE. 287,335,271

AR R e e R R et e R e W A ek M e i R e i e M A e E i e e e v M e e g R M A M e e g S e s med mr m——
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Nylon bags were taken out at 6, 12, 24 and 48 hours. The
bags were washed thoroughly under running tap water unpntil
slear water was observed to be coming out of bags. These
bags were dried to constant weight in the oven at 70°¢.
The bags were welighed after drying to determine DM reten-
tien at various hours, The contents of the bags were also
analysed for crude fiber as per AQAC (1984), The percent
disappearance of DM and CF from nylon kags at var_ious
hours was calculated which was jindicative of the rate of
degradation, From thQ'DM and CF disappearance data, effe&-
tive degradability in the rumen was calculiated at oiosx/h
outflow rate using following eguation {Orshov and
McDonald, 1979 ):

P =a + b{?-—e”Ct)
Where,

P = Degradability after 't hours of

incubation,

a = Tnstantliy soluble fraction,
b = pPotentially degradable fraction,
C = Fraction rate c¢onstant at which the frace

tion 'h* would be degraded per hour, and

t = time {hours)

Using DM and CF disappearance data at different

hours, the values of ‘ta', *'b' apnd 'C' were calculated
: , . ' -ct, ..

arithmatically using eguation P = a + b (1-e }. Effec-

tive degradability was calculated at 0.05%/h outflow rate
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using following equatiop:

be

E = 5 e —

C + K

Where, 'K' is the outflow rate

3.3.3 Estimation of ammonjia-Nitrogen{NH -N}, Total
volatile fatty acids (TVFA) and tgeir proportions,
microbial protein, lactic acid and bacterial counts
in the rumen

3.3.3.1 Sampling of rumen lignox:

Rumen ligquor was drawn from all animals after
giving adaptability periocd of_?o days. It was considered
that optimum rumen envireonments ﬁill be attained within
this period. To wminimise the leoad and error, each day
samples were drawn only frbm 4 animals {one from each
groupj} at 0o, 2, 4, 6, 8, 10 and 12 h post feeding. On each

animal the samples were drawn for three days.

3.3.3.2 Estimation of ammonia-ﬂitrogen{ﬂﬁj-ﬂ):

As under secticon 313.5

3.3.3.3 Estimation of Total volatile fatty acids {TVFA):

As under section 3.2.33.

3.3.3.4 Bstimation of proportion of volatile
fatty acids{VPAs): '

The TVFA were fractioned on Nuceon gas chroma-
tograph series 5500 Fitted with dgal flame ionization

detecter and a palr of stainless steel columns packed with
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chromosorbh 1071 to serve as stationary phase. The poocled
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
i mi (20 percent) metaphosphoric acid (prepared in 5N
H,S0,) was kept overnight and centrifuged at 3500 to 4000

2

vrom for 15 to 20 minutes.

The supernatant was collected in small wvials

, . o .
and kept in the refrigerater f(at 4 C} for analysis. 2
fixed volume of supernatant was JInjected iIn Nuccn CES

chromatograph series 5500. The calculation of individue=z]

VFA was done as follows:

Area of the peak = % height x width

3.3.3.5 Estimation of microbial protein:

As under Seg¢tion 323.6 {(Standard curve Fig 3, 3).

3.2.3.6 Bstimation of Jlactic acid concentration:

The estimation of lactic acid was done as per

the method of Barker and Summerscn (1941).

Reagents:
I. {0 sodium tungstate solution: 1009  of sodium
tungstate (reagent grade and carbonate free)

dissolved 1Iin water and diluted to one litre,

Sclution was stable indefinitely.

solution: 19,5 ml concentrated #H S0,

II. C.66K H_50 )

2774

was added in water and diluted &0 one litre and
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standardised it with alkali.

20% Cu.S‘O<2 splution: 200qg Cu504.5H20 was added
in abkout 500 ml water, heated to dissolve,

cooled and diluted to one 1litre (stable indefi-

nitely).

4% CU504 solutiaon: 200 ml of reagent I. Diluted to

I litre with water and mixed.

Calcium hydroxide: [Ca{OH}zj power (A.R.gradel.

Concentrated H2504 fA.R.grade)

p-hydroxydiphenyl reagent: 1.5¢ p-hydroxydiphe-
nyl added 1in 10 ml1 of 5% NaOH. solution and
about 10 ml of water. .;Tt -.was warmed with
constant stipring teo dissclve. It was diluted
to 705 m! with water and stored in a brown

bottle.

Standard lactic acid solution: ©0.213g of dry
Iifhium lactate (A.R grade) was dissclved 1in
about 100 ml of water in a volumetric flask f?
iitre). Apout 1 wml of concentrate H2504 was
added to it and diluted to the mark with water,
This soiution contained 1 mg of lactic acid ins

ml and was stable for an lindefinite pericd,

if kept in refrigerator.

Working standard lactic acid solution: Diluted
the 5 ml of stock standard to (00 ml with water

and mixed. This solution contained 0.01img of
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lactic aciq per millilitre. Prepared the fresh

standard solution at the time of analysis.
Procedure:

I. Preparation of protein free {filtrate: 1 mi
of strained rumen liguor { SRL/ was taken in 10 ml
graduated centrifuge tube in duplicate. To it 7 mi of
water, | ml of 0% sodium tunystate and | ml of 0.66N
32304 was added. Shaked thoroughly and allowed to  stand

for 15 minutes. Centrifuged the contents at 3000 rpm for

5 minutes.

II. Im)! of protein free filtrate was taken in

10 ml graduated centrifuge tube.

IIr. $ ml of standard lactic acid solution {NG.IX}

was taken<h another centrifuge tube.

IV, In yet apnother tube a litele water (blank)

was taken.

¥. Iml of 20% CuSO4 solution was added to ecach
tube and made the volume to 10 ml. 1g of Ca(OH)z’power
was added to each tube, put steopper and was shaken

vigorously until the solids were uniformly disappeared.
VI. Allowed to stand for 90 minutes with repeated
shaking (at least once) in betwasen.

VIf, “The contents were centrifuged at 30060 rpm
for 10 minutes and transferred ' ml of. supernatant from

each tubefin duplicate) to clean and dry wide test tubes.
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VIIT. 0.05ml of 4% Cu504 solution was added to each

tube, followed by éml of ceoncentrate H2504 {through
burette) drop by drep with continwvous mixing of the

contents. {The tube contents became hot; it Wa 5 not

necessary to cool the tubes).

IX. Placed the tubes upright 1In boiling water
for five minutes, then transferred the tubes to cold water

(preferably running and cooled to.zooc or below).

x. A:ter cocling the conrents, O.f 2 af
p—hgdroxydiphengl reagent was added.drop by drop to each
tube .rlower tip of pipette should not touch the wall of
the tube). Mixed the reagent throughoué the sclution as
quicklg and unifofmlg as possible by using test tude
shaker,

XI. Placed the tubes in a waterbath at 3OOC for
30 minutes or Jlonger. Shake& the tubes.during this period

fat least oncel.

XIf. The tubes were kept 1in vigorously beiling
water for exactly %0 seconds, removed and ceooled in cold.

water to room temperature.

XIIX. Recorded the optical density at 560 nm by

setting the photometer at :zerc with blank.

Calculations:-

Q.D.of
Lactic aciq unknown
{g/100ml1 of = gsample f
rumen liguor) 0.D. of X0.005x50x100x10 * 1000

standard
sample
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3.3.3.7 Counting of bacterial population:

As uvnder section 333.7

3.3.3.8 Rumen volume and Fflow rate
of ligquid digesta

Rumen volume and fFlow rate of ligquid digesta were
measured using Polyethylene glycol - {PEG} according ¢to

method described by Smith (71953).

(i) Collection- - of zumen liguol: During rumen volume and

flow rate estimation, a sample of rumen liguor was collec-
ted prior to feeding and taken as =zero hour collection.
Then MO0 ml of 25% PEG seclution was Infused into the
rumen, For better mixing of PEG, the rumen contents wege
agitated mapually by ingerting an arm in the rumen and
one hour was allowed as the mixing time of PEG in the
rumen (Smith, 1952). The samples o<of rumen liguor were
col lected 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 a5 to get a repre-
sentative sample of rumen liguor, About 1100 ml of rumen
ligquor was collected at 0, !, 2, 3, 4, 6 and 8 héurs inter-
val 1in platiec bottles containing 0.2 ml ﬁf-ION H2304 to
stop microbial activity.

The samples eof rumen ligquor were analysed for

PEG concentration by the method of Smith (1959).
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{ii) Reagents:
(a) 23504 solution (5% w/v)

fb)] ©.3N Ba(OH)2 soluticon (4.7325g of Ba{oa)z
was dissclved in 70 ml of hot distilled water and the

volume was made to 100 ml).
fc) BaC12 solution {10% w/v)

{d} CTrichloroacetic acid{(TCA} - Ba612 solution:

PCA {(75.09} and BaC12 {14.759)} were dissolved
saparately into two beakers containing 100 ml distilled
water each. Phe solutions were transferred to 250 ml volu-
metric flask and the volume was ﬁade_upto the mark. This
gave the concesntration 30% and 5.92% w/v for TCA and BaCIZ

respectively. The mixture was kept overnight and filtered

before being used.

fiii} Standard curve: Seven test tubes marked BfBlank},

t, 2, 3, 4, 5 and 6 were taken. One ml of SRL collected

at zero hour was taken in all test tubes except blank.
Te it 0, 1, 2, 3, 4, 5 and 6 ml of PEG solution
(lg/ 100 ml of distilled water) was added. In each test

tube 2 ml of 0.3N Ba(OH}Z and 5% ZInSo, solution was added.

4

To each test tube 6.5 ml of 10% BaClz solution was added

and the volume made to¢ 0 ml in all test tubes.

The contents of the above test -tubes were well

mixed and centrifuged at 3000 rpm for 30 minutes. From

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

TCA-BaCl2 saluticon and 3 ml of digtilled water was added
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0 make the volume to (0 ml. The tubes were left exactly
for 30 minutes for the development of turbidity and 0.D.
readings were ¢aken In digital spectrophotometer at 540
nm wave length. A standard curve was drawn for different

concentrations of PEG against OD reading (Fig 3.4).

fiv} Calculation of PEG concentration
in samples of rumen liguot:

Fellowing the procedure of standard curve prepara-
tion, ¢the c¢oncentration of PEG in the rumen liguor
samples collected at different intervals wags calculated
From the ibs obtained by taking one ml rumen liguor
instead of standard solvotion. The value_ ¢f PEC <concen-—
trations' against . time interval of c¢ollection, 1i.e., 1.,
2, 3, 4, 8 and 8 hours were plo#ted on a graph paper and

PEG concentration at zero hour was extrapolated.

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

lated at the time of Iinfusion of PEG Into the rumen by

making use of the following eguation:

Rumen veolume (ml) = b/A0

Hhere,

‘bt 1is the guantity of PEG infused into ‘the

rumeii.

'Ao' 1is the zero hour PEG concentration (mg/ml

erf SRL ).



Fig 3.4 : STANDARAD CURVE OF PEG
CONCENTRATION |

OPTICAL DENSITY AT 540 nm

0.50

0.40 -

0.30

0.20 -

0.10 ~

0.00 | ; 1

H
00 .02 04 .08 .08 10
CONCENTRATION OF PEG (mg/ml)

PEG : POLYETHYLENEGLYCOL




66

fvi}) Rumen fluid flow rate determination: The ruminal

fiuid flow vrate flitres/day) was calculated from the
values of ruminal 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 PBEG.

3.3.4 Statistical analysis

Statistical analysis of the data was carried out

as per Snedecor and Cochran ( 1967).

PHASE-ILI

3.4 RESPONSE OF PROBIOQTIC SUPPLEMENT ON THE GROWTH
OF PRE-RUMINANT ANDIOST-RUMINANT CALVES

Selected probiotic on the performance of in vivo
studies was supplemented in the ration of 'pre- ruminant
and post-ruminant calves @ 109 efuskg of DM intake. The

growth and incidence of diarrhoea was observed.

3.4.T7T Selection of pre-ruminant anmimals

Twenty healthy crosshred (Holstein Friesian «x
Tharparkar) calves of both sex at the age of 6 days were
selected from the calf section of Cattle Yard, NDRI,

Karnal,
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3.4.2 Selection of post-ruminant animals

Twenty  healthy crosshkred (Holstein Friesian x
Tharparkar) female calves at the age of 4 to 6 months were

selected from calf section of Cattle Yard, NDRI, Karnal.

3.4.3 Allotment of animals into groups

Both types of animals were alloted randomly lInto
two groups ‘of ten animals each in a randomised block design
{two groups fof pre-ruminant andAt?O groups for post- rumi-
nant animals). While selecting the animals dre care was
taken ¢toc minimise the experimental error by narrowing the
range of their age and live welghts .as far as possible;
In prEwiuminant animals care was taken to equalise the
sex in both groups. The particulars of both types of
animals and their distribution to different groups are

given in Tables 3.3 and 3.4.

3.4.4 RAousing and management

Both type of animals were kept in loose housing
system foliowed at Cattle Yard,- NDRI, Karnal. However,
post-ruminant animals were also individually fed for two

menths after the metabolism trial,

3.4.5 Watering
For both types of animals all the times clean

and fresh drinking water was available ad lib. When the

animals were Jindividually fed, fresh clean tap water was



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

- = A - — i — e R P A L M N S W M e M e P MR R e e m  — —  mm w e

Animal Sex . Date of Initial bady
No. birth weight(kg)
GROoUP~-T

(Supplemented with S.cervisiae(B)+L-acidophilus(I)]

KF 5343 Male 6.11.91 33.0
KF 5344 Male 10. 11,97 36.0
KF 5345 Male to.77.21 3¢.0
KF 5341 Female 15, 11.91 22.0
KF 5246 Male 22.17.817 22.¢
KF 5347 Male 27.11.21 3¢.0
KF 5345 Female 1,12.91% 34.0
KFP 5347 Female 15.12.91 37.0
KF 534¢ Female 21.12.91 252.0
KF 5350 Female 21,112,891 35.0
Mean # S.E. 31.121.53
GROUP~IT
Without supplement
{CONTROL }
KF 5342 Female 17.11.9171 29.0
KF 5343 Female ig.11.91 22_0
KF 5344 Femalie 22.11,91 28.0
KF 5348 Male 3R 11,91 27.0
KF 5345 Female 12, 12,91 0.0
KF 5349 Male 13.12.91 44.0
KF 5348 Female 12,712,971 29.0
KP 5352 Male 23.12.91 33.0
KF. 5353 Male 24,12,91 28. 0
KF 5354 Male 24.12_81 32.0

Mean £ S.E. 3p,.227.80

Ee e A Ny e i A e = T R N Tn e TR M e e WM M. v e T e vy wed MRk P T TR wet e e v frv e vl e v v N et AR TR mm m E mA e E P et mm mm vt oam mm
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Table 3.4 Distribution of post-ruminant crossbred{Holstein-

Friesian x Tharparkar) calves(female) for growth
and metabolism triael .

e e e e e R s s e EE e Em AR AR A AR e b o T M el S e e R A ma S S et e e e et M RN EE AR —— —— o mm e = — =

e S R B B WE e g T MR T e e T e MR BT e o e e e BR b wm h e et e e e A el = e wm

HF
KF
KFE
KF
KF
KF
KF
e
KF
KF

5306
5307
5310
5311
53712
5314
5318
5319
5320
5327

Mean =

KF
KF
KF
¥r
KF
KF
KF
KF
N3
KF

53089
5315
5316
5317
5322
5323
3325
5328
53289
5330

GROUP - T
fSupplemented with S.cerevisiae(B)+L.acidophilus(I)

26.06.91 90.0
7.07.91 97.0
17.07.91 97.0
i9.07, 91 90.0
23,.D7.91 78.0
©1.08.91 78.0
7.08.91 84.0
9.08.91 78.0
12.08.91 81.0
28.08.91 63.0
5. E. 83.7£3.03

GROUP - II

{CONTROL )’

13.07.97 §6.0
3.08.91 75.0
4.08.5.1 80.0
6.08.217 971.0

20.08.91 81.0

25.08.91 82.0

27.08.91 81.0
3.09.97% 83.0
12.09.91 87.0

12.09.91 83.0

Mean £ S5.E. 82.9+1.37

PSP e e v e e v e e e g S M SN M M M W M R W AN AT SR W A W A i AN ek m m® TR N mE S et mm s S N T
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given ad lib to all the animals two times a day, i.e-,

10 A.M. and 4 P_M.

J.4,.6 Feeding of animals

3.4.6.1 FPeeding of Pre-ruminant animals:

[ B4
;,\l

The calves were frfed whole milk/separatei mi
concentrate mixture as per schedule given 1Iin Taile 3.5
and were offered green fodder ad 1lib. All the animals were
having frée access Lo water. |

-In the treatment group probiptic supplemant was
well mixed in the whole milk of ten animals. The Ffeeding

schedule was same as - followed at Cattle Yarc, HDRT,

Karnal.

3.4.6.2 Feeding of post~rﬁminant animals:

buring grownp feeding, each day gquantity of
probiotiC-needed for the animals was added in small amouﬁt
of concentrate (approx. 1 kg). This amount was well mixed
in .whcle concentrate (Table 3.8} offered to= treatment
group. The nutrients requirement was met from green.fodder
{f Berseem, maize, sorghum and oats), d;g roughage (wheat
straw) and concentrate ( l.5kg/dfhead) as per NRC (1984}
standard. During individual feeding. each day probiotic
suppiementation was made for individual animals in small
amount of concentrate (appfox; 230gj. .This concentrate
was . fed in the morning before offering the remaining

concentrate and fodder.
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Table 3.5 Feeding schedule of pre-ruminant calves

—— e W e ek e iy o e e M T Em T un W B e = M e P e i e mm e e A e M W e e o — o —

Body wWhole milk Skim milk Concen- Green
weight {1/7i5th of body {§/25th of trate fodder
weight) body weigkt)

(kg) {kgJ {ke) {kg) {rygl
21=25 1.3 I. ¢ ¢.12 ag rib
26-30 2.0 1.5 0.12 ad 1id
31-35 2.% 7.5 0.12 ad 1ib
36-40 2.5 1.5 0.12 ad 1ib
41-45 3.0 2.0 0. 12 ad 1ib
46-50 3.5 2.0 0. 12 ad 1ib
51-55 3.5 2.0 0.12 ad 1ib
56-60 4.0 IZ.S g. 12 ad lih
61-65 4.5 3.0 0.172 ad 1ib
66-70 4.5 3.0 0.72 ad 1ib
T1=75 5.0 3.8 0. 12 ad 1ib
76-80 5.0 3.0 0.12 ad 1ib
21-85 5.5 3.5 0.172 ad 1lib

A1)
=8
[
.
s

86-90 6.0 2.5 g.12

1

— AU A sk e i g e i W A e WY ek b e ik e b o i e e M e e e B e M W e e RS e e o o S S
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Table 3.6 Composition of concentrate offered to the
crossbred calves at pre-— and post-ruminant

age’

Ingredients Parts cP TDON
{kg) { kg (kg)

Grcundnut cake 10 4.5 7.1
.Soybean cake 10 4.5 7o
Mustard cake & 3.7 70
Cottonseed cake 5 3.7 70
Maize 20 1.0 g4
Barley ‘ 10 ?.0' 80
Wheat bran 30 = ?.é 6.5
Molasses 6 0.4 55
Mineral mixture 2 0.0 Qo
Common salt 7 .0 o0

e R R e T L e e e e L L U X P,
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2.4.7 Welilghing of the animals

The animals were weighed at fortnight Intervals
on a weighing bridge and also before and after the metabo-
Iism trial. Each time an average of weighing on two conse-
cutive days was considered. Weighing was always done 1in
the morning before offeriny the feed or water. The growth
rate of the animals was determined from the change in body

weighets.

3.4.8 Incidence of diarrhoea

Every day a strict and regular vigilance on pre-
ruminant calves was kept to observe symptoms of di_arr-—
hoea. iﬂ loose and watery faeces waslconsidered ﬁo be é
diarrhoea eondition, Incidence of diarrhoea was recor-
ded in number of days in the diarrhoea condition o¢f each

calve.

3.4.9 Statistical apalysis

Statistical analysis of the data was carried out

as per Snedecor and Cochran (1967].
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POASE-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 collectidn period. The animals were weighed on two
consecutive days before offering‘feed and water.prior and

at the end of netabolism trial.

3.5.1 Collection of Feed, faeces
and urine samples

Samples of feed offered and left over were collec-
ted each morning for DM estimation and chemical analysis.

The amounts of faeces and urine voided by the
experimental animals during 24 hours were recorded each
day in the morming. A composite saﬁple of dung aﬁd urine
of each animal was carried in separate botfle to’?he labo-

ratory every day for aliguoting.

3.5.2 Aliguoting of dung and urine

For estimation of nitrogen, 1/200 aliguot of the

zotal dung voided each day was preserved with 25 percent
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H2504 in pre—-weighed plastilc bottles. At the end of collection period, the
bottles were again weighed, the mixed thoroughly and 2 g sample was taken
for digestion. 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 each
animal. At the end of collection period, the dried pooled dung samples were
ground in a Wiliey mill for estimation of proximate principles and cell wall
components...

| Similarly for determining nitrogen in urine {1/300 part of total
urine of ;‘ndividual animals was taken daily and pooled for five. days.in glass
bottles containing 30 mi of 25 percent H250-4. The nitrogen estimation was

done by taking a known quantity of sample Ffrom each bottle separately and

digesting it with concentrate H_S0 _ 6 and digestion mixtire.

274
3.5.3 Analytical Procedures

The samples of métabolism ¢rial were analysed for proximate
principles according to AOAC (7984} and for Ffibrous constituents (HDF, ADFE)}
according to Goering and Van Soest (7270} methods.

3.5.3.7 EBsgtimation of Proximate Principles of feeds and dung samples:

Samples of feéa‘ and dung were analysed for proximate principles as
described in AOAC (1984).
3.5.3. 1.1 Moisture: & known quantity of the sample was taken in a moisture
cup and dried overnight in oven at 95 .to 100°C. Loss in weight after ldrying
gave the moisture content,
3.5.3.7.2 Total Ash: 4 to 5 g of sample was taken in a China crucible and
ignited in a Muffle furnace at 600°C for an hour. Tbe‘increase in weight
of Cb_ina crucible over empty weight was taken as total ash and expressed

percent of the sample,
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Kijeldahl method or nitrogen estimation was
followed., A welighed guanticty of the sample was digested
in the Kjeldahl! Fflask with concentrate sulphuric acid ip
the presence of small quantity of digestien mixture
{sedium sulpbafg and copper sulphate in the ratio of
10: 7)., After digestion, tha contents were cooled and
transferred to 100 ml volumetric flask and tétal Volume
made up with distilled water, A 5 ml of aliguot was trans-
ferred to a micro-Kjeldahl apparatus and sufficient amount
cf 40 pér&ent NaOH soclution added to make the contents
alkaline. The distillate was collected in a conical flask
containing 10 ml of 2 percent boric acid with mixed
Tcshirﬁ's indicator (30- mg methyl re& + 20 mg Jﬂethgleﬁe
b;ue in 100 ml éthanoi and 10 ml of it added to 1 litre
of 2 percent boric acid solution). The distillate Was
tit;ated against. standard 0.0QIN 32504. The crude protein
content in the sample was‘ calcuiated by multiplying the

nitregen content with 6,25.

i ' : . ! J
Crude protein Volume of 0. 1IN 32504 used ; 0.00014 x 20

content (% DM = x 100 x 6.25
hasis) Dry matter weightin the sample taken

3.5.3.1.4 Bther EBxtract:-

A known guantity of ground and dried sample was
taken in a Whatman thimble and extracted for 10h with

petroleum ether (40-600C) in Soxhlet apparatus having a
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pre~weighed round bottom flask. The flask contalining the
ether extract was covled after removal of excess of ether
and re-weighed. Rifference jin welght gave the amount of
ether extract in the sample and he same was expressed on

percent basis.

3.5.3.1.5 Crude fibre:-

Samples aftar ether extraction were tLtransferred

to a spoutless beaker {1000 mil}). To this, 175 ml of dis-
tiled water and 25 ml of 10 percent H2504 were zaddéed {to
make it 1.25 % solution) and the contents boiled on a hot
plate for 30 minutes. The sample was filtered on double

laver of nmuslin cloth and agaih trénsferred to {000 mi
spoutless bheaker and treated similarlé with .25 percent
NaOR solution. The residue after acid and alkali treat-
ments were transferred quantitatively to 8 China crucible,
dried, welighed and ignited in a Muffle Ffurnace at 6OOOC

for one hour. Loss in weilght after ignition was calcula-

ted as crude fibre and expressed on percent basis.

3.5.3.71.6 Nitrogen free extract:-—

The ash, crude protein, ether extract and crude
fibre contents were added up and subtracted from 1100 to

give NFE content in the sample.

3.5.3.1.7 Organic matter:-

't was determined by subtracting the ash content

from 1060.
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3.5.3.2 Estimation of cell wall components:

Sampies of feeds and dung were analysed f{or cell
wall components as per the method of Goering and VYVaiScest

{ 1270},

7-5.3.2.1 Neutzal petergent Fibre:-

Preparation of variocus soclutions used in the

procedure was as followed:

Reagents:

1. Sodium lawryl sulphate 30.20¢
2. Bthylene diamine tetra-acetic acid{EDTA) 18.6ig
3. Scdium borate decahydrate 6.81yg
4. Piscdium hydrogen phosphate 4,569
5. 2=-Ethoxy ethanol 10,G0mi

EDTA and sodium borate decahydrate were put
together 1in a Iarge beaker, some distilled water added
and the contents heated until dissolved. Sodium hudrogen
phosphate was takgn in another beaker and dissolved in
distilled water by heating, Both the solutions were put
together in & volumetric flask., Sodium léuryl ’ suléhate
and ethoxy ethanvl were alsp added in the flask and the

final volume was made upto one litre with distilled water,



Proceduvre:

Approximately 1g sample was takenrn in a spoutless
beaker. Hundred ml of neutral detergent solution, 251 of
decalin and o0.5g of sodium sulphite were added and the
contents boiled with retort condensors on a hot plate for
exactly one hour. After PRoiling, the samples were filtered
through a pre-weighed scintered glass crucible G1 grade
using a vacuum pump, The sample was washed with hot
distilled water and acetone. The sample. was dried
evernight in an oven (fOOOC) and -weighed. The NDF was
calculated as follows:

B - A

NDF (%) = ~— X 100
Weight of sample on DM basis

Where,
A = Weight of empty crucible, and
B = Weight of crucible + cell-wall

components

3.5.3.2.2 Acid Detergent Fibre:-

Acid detergent solution was prepared by dissolv-
ing 20g Cetyl trimethyl ammonium bromiﬁe- {CTAR) in one
litre of 1IN H2504 f27 ml of H2304 GR grade In one litre
af golution with distilled water).
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Procedure:

After the determination o©f NDF, the content of
crucible was placed in the spoutless beaker. Te this 100
ml of acid detergent seglution, 2 ml decalin and 0.5g
sodium sulphite were added and the contents boiled with
retort condensors on a hot plate for one hour. After boil-
ing, the contents were filtered through the same crucible,
the. crucible and beaker thoronghly 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

(100°%c) and weighed. The ADF was calculated as follows:

(Wt.of crucible+ADF) - (Wt. of empty cruciblie) x 100

F = d
ADF(%) Weight of sample on DM basis

3.5.4 Statistical analysis

Statistical analysis of the data was carried out

as per Snedecor and Cochran (1967).



CHAPTER - IV

PHASE - I

IN VITRO RUMBEN FERMENTATION

INFLUENCED BY THE SUPPLEMENTATION

OF INDIVIDUAL MICROORGANISHM




PHASE - I

4. IN VITRO RUHEN FERMENTATION INFLUENCED BY THE

SUPPLEMENTATION OF IHDIVIDUAL_H_ICRGGRGAHISH -

4.1 RESULTS

A mixed feed of wheat straw and concentrate (60:40
on DM basis, Table 3.1] was used as subst;v:'ate for i witro
studies. The substrate was chemically analysed for
proximate principles, The analygtical values were 2.49%,

t.49%, 27. 12%, 11.98% and 49.47% for CcP, EE, CF, ash and

NFE, respectively.
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4.1.1. Effect of supplementation

on DM and OM degradability

The subs*rate was analysed for DM (Fig. 4.7) and 0OH
{Fig. 4.2} disappearance after Iincubation with rﬁmen liguor
and different microorganisms individually for 24 and 48
hopurs (Table 4.1}, The DM degradability at 24 h incubation
was 50.48, 51.02, 50.07, 49.47, 52.52, 55.57 and 49.30 per

T and T treatment groups,

T 5+ Ty 7

cent for T?, T2, T T

3’ 4

respectively. M degradability in group supplemented with

S.cergvisiae (B) seems to be higher (55.57%) followed by

the group supplemented with S. cergvisiae {522} {52.52%)
when compared t¢ other treatment groups inciuding control

{49.30% ). However, in groups supplemented with strains of

S. thermophilus (50.07 and 49.47%) and L. acidophilus (50.48
and 51.02%), the DM degradability was comparable within the
strains of individual organiasm. Whereas supplementation

of L. acidophilus= (I} (51.02%}) seems to have comparatively

higher p¥ degradability. DM degradabiliity [(48hk} ranged
from 571.08 to 5¢.86 percent (Trable 4.1). It was higher in
the group suprlemented with S.cerevisjiae (B) {56.86%)
followed by ES.cerevisdiae (522) (54.19%) than other groups

ineluding eontrel [(57.40%). It also appears (Table 4.1}

that groups supplemented with strains ¢f $S.thezrmophilus
exhibited similar DM degradability (57.08%} and{ 51.40%).
However, the oM degradability r48h} in the groups

supplemented with strains of L.acidophilus f52.34% and
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Fig 4.1 : IN VITRO DM DEGRADABILITY OF
FEED SUBSTRATE {(WHEAT STRAW : CONC.
60:40) |

DM DEGRADABILITY (%)

AT 48 Hours
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" TREATMENT GROUPS

T}, L.acidophilus (R); ?2’ L.acidophilus (1I); Tj, S, thermophilus (457);

T4, S.thermophilus (CH); T

T7, Control,

g7 S.cerevisiae (522); Tﬁ, S.cerevisiae (B);



Fig 4.2 : IN VITRO OM DEGRADABILITY OF
FEED SUBSTRATE (WHEAT STRAVW : CONC.
80:40)
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53.81% was not cohly different betwegen the stragins but also

when compared to cortrol group.
OM degradability (24h)} ranged from the lowest of

51.69 percent in S.thermophilus (CH) to the highest of 57.04

percent in S.cerevisiae (8) supplemented group (Table 4.1)

followed by S.cerevisiae 522/, Organic matter

degradability in tho lactic acid bacteria supplemented

the strains of each group. Same pattern was also observed
at 48 hours of incubation. The OM degradﬁbility data (48h)
were 53.16, 54.12, 53.32, 52.32, 55,717, 58.03 and 52,83

T treatment groups,

percent for T?, T T vl ., and T

2 3 4 R 7

respegtively.

4.1.2 Egrffect on in vitro Total Volatile fatty acid (TVFA)

Can~centration

bata on TVvFA levels on different treatmen:s groups
and hours of Iincubation are presented in Table 4.2 {Fié.
4.3). TVFA concentration (24h) varied from the lowest in
control group (6.0 meqg/i100 ml) to the  bhighest in
S.cerevisiae (B) supplemented group (8.96 meq/100 ml). The
concentration of TVFA in the  groups supplemented with

strains of S.thermophilus (6.56 and 6.53 meq/700 mi) is

similar but that of L.acidophilus {(6.64 and 7.65 meg/100
ml) is different, however, these values are higher compared
to controel ([(6.03 meg/100 ml). TVFA concentration (48h)

varied from the lowest in control group (7.59 meg/i100 ml)



Fig 4.3 : IN VITRO TVFA CONCENTRATION ON
FEED SUBSTRATE (WHEAT STRAW : CONC.
60:40)

CONCENTRATION OF TVFA(m eq/100 ml)
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7., L.acidophilus (R); T, L.acidophilus (I); Ty S.thermophilus (HST};
T,, S.thermophilus (CH); TS, S.cerevisiae (522); T,., S.cerevisiae (B);

7., Control,
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te be highest in S$S.cerevisiae {B) supplemented group (10.89
meg/100 ml). The concentration of TVFA in the groups

supplemented with strains of S.thermophilus (7.79 and 7.68

meg/ 100 ml) is similar but that of L.acidophilus (8.61

and 9.45 meq/100 ml] 1is different, however, the values of

L.acidophilus are higher compared to control {7.59

meg/ 100 ml1).

4. 1.3 Effect on jin vitro microbial population

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 ?07) were
26.35, 32030, 18.25, 17.05, 36.70, 49.05 and 12.75 for T,

T2, T3, T4, TS, Ts and T? treatment: groups, respectively,.

The microbial counts were found higher in all groups as
co;wpaz'ed to contrel (12,75 x :_’07). However, it was the
highest 1in group supplemented with g.gggf_v_ig_i_g_e_ strain B
(49,05 x ?07) followed by S.cerevisiae strain 522 (36.70 x

7 -
107}, L.acidophilus strain-I (32.30 x 19"}, L.acidophilus

7
strain~R (26.35 x 10}, S.thermophilus strain-HS5T (18.25 x

107), S5.thermophilus Sstrain-CH (17.05 x 107}. The count

of S.therophilus stains on microbial population was lowest
compared te other supplemented groupé.. At_ 48 h of
incubation the microblal counts (X107) were 35.45, 34.10,
25,60, 24.55, 49.25, 77.00 and 15.98 for T?, TZ’ TJ, Tq'

TS‘ T and T treatment groups, respectively. It was

6 77

observed that microbial population Jincreased in all groups

at 48 h compared to 24 h Iincubation. Aigher microbial



Fig 4.4 : IN VITRO MICROBIAL COUNTS ON
FEED SUBSTRATE (WHEAT STRAW : CONC.

60:40)
MICROBIAL COUNTS (X10 )
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’ : TREATMENT GROUPS
T?, L.acidophilus (R); T.?' L.acidophilus (I); T3, S.thermophilus (RST);
T4, §_._. thermophilus (CH); TS' S.cerevisiae (522); T
T;,, Control.

6 S.cerevisiae (B);
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count was observed in the Group supplemented with
g.ggrevigigg strain-B. The groups sqpplemented with

7 7
L.acidophilus strains {35.45 «x ig and 34.10 x 10 )

exhibited higher microbial counts compared to the strains

of S.therm ophilus (25.60 x ?07 and 24.55 x TQ7J.

4.1.4 Effect on in vitro ammonia-nitrogen fﬁﬂs-ﬁi

Concentration

The ammonia-N at 24 and 48 h in different treatment
‘groups are presented in Table ¢.3 (Fig. 4.5). At 24 h of
Incubation ammonia-N lIevel varied between the lowest fer

S.cerevisiae strain B stupplemented group (15.93 mg/100 ml) to

the highest for contrel group (20.53 .mg/ioo ml). It was
observed that levels of ammonia-N in groups sﬁpplemente&
with cultures of lactic acid ~producing bacteria did not
differ with each other, ¢the values ranged fromv 719.48 tg
20,48 mg/io0 ml. At 48 h of incubation levels:of gﬁ3—N were
higher in &ll groups compared to 24 h incubation period.

The levels of ammonia=N were 22.05, 21.70, 23.63, 22.40,

r

79.08, 16.45 and 23.15 mg/100 ml at 48 h incubation for T

T5’ T6 and T7 treatment groups respectively.

The copcentration of ammonia-N was Found lower "at 24 and

T
2¢ T3 Ty

48 h incubations in the groups supplementéd with cultures

of S.cerevisiae.

4.1.5 Effect on jin vitro microbial protein-N

The data of microbial protein at 24 and 48 h of

incubation are presented in Table 4.3 (Fig. 4.6). The levél



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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ef microbial protein-N g/kg of oM degraded were 42,35,
45,22, 40.711, 39.50, 46.67, 48,75 and 38.8%81 for TI’ T?’T_?’
T4 TS, T6 and T7 treatment groups, respectively. Level

of microbial protein-N was highest in groups supplemented
with S.cerevisiae (B) (48.75 o/kg ©OM digested) followed by

S.cerevisiae (522) (4%6.€7 g9/kg O¥ digested). The level of
microbial protein was found higher in all the other groups
compared to contrel. The cultures of lactic seid producing
bacteria showed less effect compared to yeast culiture. At
48 h incubation same trend was observed. The levels of
microbial protein-N g/kg of ¢©M degraded were 50.64, 56.09,
49.81, 52.49, 55,47, 61.08 and -45.1‘5 for T?, T2, T3, th,
TS' Té,.and T? treatment groups re;pecqively.

4.1.6 Effect on in vitro total gas production

Total gas production at 24 and 48 h Incubation periocd
in different groups are presented in Table 4.4 and 4.5
respa~tively (Fig. 4.7). Gas production (24h) varied between

lowest in S.cerevisiae (B} supplemented group (6&.4 ml/qg

of substrate)} to the highest in S.thermophilus {CH)
supplemented group ({83.7 ml/g of substrate). Total gas

production at 24 h in S.thermophilus strains suppilemented

groups were higher f82.2 and 83.7 ml) comparable to
the control (83.2 nl/g substrate). However, on

supplementatrion of é.acidophilus there was d{decrease, In gas

production f76.5 and 75.0 mi/gl. At 48 h of Incubation

average total! gas preduction were 104.4, 100.7, j12.%,



Fig 4.7 : IN VITRO GAS PRODUCTION ON
FEED SUBSTRATE (WHEAT STRAW : CONC.
| - 60:40)

GAS PRODUCTION (ml/g SUBSTRATE)
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'T,r Loacidophilus (R); T,r L.acidophilus (I); T,, S.thermophilus (HST);

T,r S.themmophilus (CH); T_, S.cerevisiaze (522); T6, S.cerevisiae (B);

T?, Control.
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ti4.5, 97.4, 93.% and 110.8 mi/g of substrate for T,, T

f 2
T3, Td' TS, Tﬁ and T;, treatment gIroups respeccively
{Table 4.5}, It was observed that Iowest total gas

production was maintained in group supplements with
S.cerevisiae strain B (93.7 ml/g of substrate) and the

highest was in grouyp supplemented with S.thermophilucs

strain cH F114.5 mi/g of substrate) foliowed by

S.therwophilus strain HSr {712,585 milg substraitel.

Supplementation of hoth strakfns of L.acidophilus and

S5.cerevisiae raduced the gas production.

The results of the effects . of in vitre rumen
fermentation influenced by supplementation of individual
microorganisms are discussed on the basis of statistical

analysis and available literature.

4.2.1 Effects of suppplementation opn DM and oM degradability

The statistical analysis revealed that the

supplementation cf both S.cerevisiae and L.acidophilus

strains significantly fr/0,.05)) increased the DM
degfadabailitg at 24h incubation compared to control group.
However, degradability alsco differed sighificantly (PL0.CG5)
between the species of these two cultures from each other.
The DM degradability was higher Iin group supplemented with

S.cerevisiae (B}, The difference between both strains of

[ e e L —

L.acidophilusg was nen-significant, Supplementation of
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S.thermophilus did not show any effect between strains on

DM degradation and the difference was non-significant
compared to control group. Similarly, there was

significant iIncrease of DM degradability (48h) in groups

supplemented with both S.cerevisiae and L.acidophilus
strains compared to control group. However, addition of

S.thermophilus strain had no effect over contreol.

‘oM degradability (24.h) was significantly higher in

groups supplemented with both S.cerevisiae and L.acidophilus
strains compared to control gGroup. The strains aof
S.cerevisiae increased the DM degradability to a higher level

=

than strains of Q.acidoyhilus. However, strains of

S.thermophilus have a non-significant effect compared te

contraol group. Similarly oM degradability at 48 h

incubation was significantly enhanced in groups supplemented

with S.cerevisiae and L.acidophilus compared to control

group. The oM degradability 48 h} 1n S.cerevisiae
supplemented groups were significantly higher thahn
L.acidophilus groups. Whereas both strains. of

S.thermophilus did not effect OM degradabjility over control,

A higher DM and ON degradability wvbserved in this
experiment by supplementation of S.cerevisliae corroborated
toc earlier reports (Gomez Alaran et al, 1987; Chademana and

Offer 1990 and Dawson, 1280). The improvement observed due

1]

e

ta supplementation of S.gerevisiae ma%pe .due to higher
’ . )

cellulosse (Dawson et al, 1987}, hemicellulose (Glade and
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Blesik, 1986; and Weidmmeier et al, igg?}) or fiber
degradability (Fallon and Harte, 1987). bDawson et al. (13987)
observed 2 to 3 fold increase In celiluiose degradation
during flirst 96 hours of Incubation. Dawson (1890} found
tha_t at least four times more cellulose was degraded during
first 72 h of ;ncuba-t_ion with yeast cells. This short term
stimulation of ce.-J.ulose degradation appears to Dbe related
to a decrease -in the amount of time required to Initiate
the digestion process (lag time). However, other workers
observed a lIittle or .no. effect on DPM degradabilituy due to

differences in feed (Gray and Ryah, 1988; Dawson, 1389 and

williams, 198%a) and strains of S.cerevisiae (LeGrendre et
al., 1957; Lassiter et al., 1958; Adams gt al, 1981 and

“Harrison et al., 1988).

4.2.2 Effect on in vitro total volatile fatty acid (TVFA)

concentration

TVFA concentration of substrate in all groups ranged
from 6.03 to 8.96 and 7.59 to 10,89 meg/100 ml at incubation
period for 24 and 48 h respectively. The lower concentration
Oof TVFA observed in the present experiment might be due te
wheat straw as a main component in the Isubstr-ate- {60%) or
rumen liguor collected from the anjimals fed similar ration.
The concentration of TVFAs in all the trea_-tmént groups were
significantly higher over control projecting- significantly

higher values on S.cerevisiae (B} supplemented group.
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However, differgnces between hboth strains of S.thermophilus

and L.acidophilus (R) was non-significant. TVFA

concentraticon (48 ) was significantiy’higher in groups

supplemented with S.cerevisjae and L.acidophilus, however,

groups supplemented with strains of S.thermophilus were not

-—

significntly different over the control group. The results
of the present investigation on supplementation cr

earlier studies (Weidmeir et al, 1987 .and wWilliams,
1980a,b). However, other workers found a non-signific¢nt.,
increase in TVFA concentration by supplementation of either

S.cerevisfae alone (Harrigon gg-gg.; 1988 and Carro gglgz,

1992} or with L.acidophilus (Pawson et al, 7990}, A

comparison of two levels of S.cerevisiae indicated that the
effect on TVFA concentration was dose depeadent (Williaams,
19290a). The response of supplement on ITVFA ig also
dependent on the composition of ﬁiet. Several  guthors
fDawson and HNewman, 1988; Martin and Nisbot, 1989 eand
Chademana gﬁd ‘Offegt 1990) have reported eithér small or

no change in the rimen fermentation pattern when animals are

kept on forage diet, Harrison et al, (?938) 2lso reported
that S.cergvisiag supplementation increased ' the  molar
proportions of teotal iscacids. Weidemeier ‘EE al. (1987}
found that the acetate to propionaté ratio remained

unchanged : when i, S.cerevisiae was included in the
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diet but there was a tendency Ffor the total pocl of acetate
to dncrease. However, majority of the reports suggested
that addition of g.ggrevisiae [ o] either rumen fFermenters
or in vivo reduced the acetate to propicnate ratio (Herrison

t al., 7988; Newman and Dbawson, 18%88}}.

4.2.3 Effect on in vitro microbial population

The microbial counts (24 and 48 h) were significantly
higher in all groups over control showing highest count on
S.cerevisisze suppiemented group. At 24 h of dncubation the

differences between groups supplemented with S.thermophilus

stradins were not signficant. The reason for increased
microbial population in all groués may be duse to
supplementation of additional 109- efu and thaér
multiplication during dincubation period. But vnusznally
higher microbial population in the group supplemented with
S.cerevisiae may be due to higher . proliferation rate of
this microflera for rapid incorporation of ammon?a—w into
microbial protein, This is also confirmed by a high level
of microbial~N and a lower concentration of amm;niawﬂ on
S.cerevisiae supplemented groups in the present stuydies.
The results obtained in this gxpe:iment_ correborate with
the findings of WelidweieA et al. (1987), éarrisén 2t al.
1288} and Dawson (192Q). Dawson et al. (i990) obsexrved
that S.gerevisiae supplementation significantly Jncreased
the number of cellulaluytic microorganism from 5 to 40 times.
Iin the present experiment also the increased concentratien

-

of microbial populationappears to be closely related o the
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presence of live yeast Iin the suppiement, which was aopt
ohserved Iin the control group. This stimulation of
microbial pop?%qign has been chserved in both rumen
stimulating fermenter cultures (Pawson and Newman, 1987)

and in the rumen of dairy cattle (Weidemeier et al.. 1987 and

Harrigson et al., 1988},

4.2.4 Effect on in vitro ammonia-Nitrogen fkﬂazﬁ}

concentration

The level of ammonia-WN {24 and 48 k) was

signrnificantly lower in groups supplemented with both strains

of S.gerevisiae. However, strains of L.acidophilus and
S.thermophilus did not effect ammopia-N concentration. It

appears that reduced ammonia-N concentration might have
resulted due to its ldncorporation inte microbial-i. This
has alseo resulted into higher level of nmicrobial-y in the
yeast supplemented groups. ‘ Adams et al {7987} observed a

low Ievel of ammonia-N (24.8 vs 32.8 mg/i00 ml) with the

supplementation of S.cerevisiae. with a high éoncentrate
diet, Carrao et al. (1292) found that S.cerevisias
supplementation reduced the ammonia—N‘ producticn by {0
percent. Similar resalts have been repdrted in yvive by

Harrison et al. (1988}, WNewbold et al. (1990) and Chademana

and Offer {1990) and in vitro by Dawson and Newman (1%938).

e

However, Dawson gt I. (18%0) found that supplementation

of S.cerevisiae along with L.acidophilus consistently



altered the relatjve concentration of ammohia In continuocus

cultures.

4.2.5 Effect on in vitro microbial protein-N

Microbial protein level {24 and 48 R} were
significantly higher in all groups over control. However,

the effect of S.ther mophilus at 24 h Iincubation was similar

between the two streins, tested iIin the experiment through

the microbial-N significantly increased by S.thermophilus

fCit}) after increasing the incubation peripd to 48 h.

Group supplemented with g.égreyisiae {8} showed the
highest microbkial protein level (24 and 48 h)} Followed by
S.cerevisiae (522). The reaécn of higher microbial protein

in all groups over control may be due to additional microbial protein
through cultnre sapplementation and their proliferation

during Incubation period. But unusuallyfhigher lével of
microbial-N in groups supplemented with S.cerevisiae might
be due to synthesis @f more microbial protein activated by
supplement. This alse vconfirmed by a higher level of
microbial population with a lower ammonia concentration in
the present investigation, Carro et al. {7392} also found

& lower level of ammonia with a higher 'microbial protein

synthesis with S.cerevisiae supplementation in Rusitech.

Williams et al. (71990) also observed a higher non-ammonia

nitrogen (NAN) at the duodenum in sheep with S.cerevisiae

supplementation,
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4.2.6 Effect on in vitro total gas _production

Surprisingly less gas was produced in S.cerevisiae

suppliementaed groups with a higher TVFA level. It appea:é
that supplementation nf S.cerevisiae suppressees the methane
preduction, which need further confirmation. Williams
{198%a) also observed a reduced methane production with the
supplementation of S.cerevisiae. Carro et al.(1282) also
chbserved a lower methane on medium and low concentrate diet_)‘
Harrison et al, (171987} also observed a lpwer gas production

(56.8 Vs 64.2 ml}) with the supplementation of S,cerevisiae.

Mutsvangwa et al.(1992) reported in vitro gas production in
bulis réceiving yeast culture was lowe}: compared to contr-ol
(pf0.05) and methane production was significantly (P/0.071} reduced after
12 h Incubation. They Ffurther reported .that the increase in- level of
propiocnate observed in vitro could have been ihe reason for the
reduction in methane production. The preduction of propionate Involves
the utilization of metabelic hydrogen leading te the reducticn in the
synthesis of methane. This reason may be true in present .i:‘westigation

but require confirmation.
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Table 4.1 Effect of different probiotics on in vitro DK and
oM degradability of Feed substrate (Wheat straw:

concentrate,

Mean + S5.F.

Mean + S.F.

Hean & S5.E.

60:-40)

DM degradability OM degradabilizy

24h 48h Z4h Zen

{2) f3) f4) {z)
50.01 51.61 52.61 53.47
51,86 53.60 53.78 53,30
49.95 51.78 52.94 53.:3
50,117 52,37 52.27 52.41
50._4sbc 52. 347 52,907 53,167
$0.46 40,45 £0.32 40,25
50.37 53.05 53.98 54,41
51,711 52.75 53,82 54,68
51.55 54.68 53.86 54.38
50.68% 54,77 54,09 53.03
57,025 53.81° 53.94° s4.12°
£6.20 10,53 £0.06 0. 37
49.17 50.82 52.82 53,37
48.68 50,63 52.61 52,46
50.53 51.48 51.82 53.97
51.89 571,37 51,75 53,52
50.072P% 54,082 52.25%%  53,322%
£ 0.72 & 0.21 +0.27 £0.31
49,28 50. 38 51.84 52.82
48.72 51,74 52. 22 52.66
50,68 571.73 51.80 51,47
49.21 51.78 50.90 52,34
49.47ab 51.402P 51.69% 52 328
£0.42 +0. 34 +0,28. 0. 30

.. Contd,



+ s+ contd, Table 4.1

N N SR R A e M AN N e M R M W M e e e e e e A e —

{1) f2) f2) {3/ (4)
53.02 53.571 55.47 55.77
52.83 53.117 55. 36 54.21
52.78 55.19 54.41 55.43
571.48 54.63 54.71% 55.26
52.52% 54 10° 54.97°% 55.17°
+0. 35 £6. 46 £0.24 20. 34
55.39 56.71 56.63 57.81
55.49 56,95 57.28 57.292
55,13 56.63 57,43 58.26
56.27 57,13 56.96 56.17
55.57% s56.86¢ 57.08% 58.03°%
20.25 0. 11 0. 18 £0.33

.18 51.10 52,07 52.49
48.771 52,28 51.48 53,27
50.23 50,39 52.49 53.49
249.07 51.83 52.07 52.08
49.30%  s5140%° 52.01° 52.83%°
+ 0,33 10,42 0, 21 20,33

B e e A A W W R RN ML M T MW W fE T M W SR M P W ML MW R R M W WR W W W M MR MW M S TR MR MW M T T W T e W W W W e o

4, b, ¢, d & e figures with different superscripts in the same column
differ signifjcantly (Pfo 05},

L.acidophilus (R)}; T2, L.acidophilus (I)}; T3, S.thermophilus (HST);

S.thermophilus (CH); TS’

S.cerevisiae (522); T ., S.cerevisiae (B};

T4,
T7,

6(

Control.



Table 4.2 BEffect of different proebiotics on in vitro
tnral volatile Ffatty acids concentrations and
microbial counts on feed substrate (Wheat
straw:Concentrate, 50:40)

S W A A A i e Al e A e o A W M EE e W R L mr A Tym e N M R R e A P MR TR R e A W A o v e AR EE wk o A M= e =

74k 28h 24 h dh
I {27 {3) {4) (5]
6,45 8.30 24.8 34.0
, 6.50 g.75 27.4 36.2
7 6.60 8. 45 28.0 36.2
7.00 g.95 25.2 35.4
Mean t S.F. 6.64° g.61% 26. 35° 35.45°
0. 12 20,15 £0.79 20.52
7.4% 9.50 31.0 36. 8
7, 7.85 8. 85 32.2 34.2
7.60 9. 90 32.0 21.8
7.70 9.55 14.0 33.6
Mean * 5.E. 7.65% 9.a5" 32.309 34, 10°%
10.08 £0.22 £0.62 21.03
6.45 g.25 17.8 30.0
6.30 7,50 19. 2 22.6
Ts
6.50 7.80 18.2 25.4
7. 00 7.60 77.8 24. 4
Mean # 5.E. 6.567 7.79% 18. 257 25.60%
£0,15 £0.17 40,33 £1.58
6.15 8.05 16.2 25.8
. 6.50 7. 30 16. 8 26.2
4 6. 85 7,55 18,2 21.8
6,60 7.80 17.0 24.4
Mean # 5.E. 6.53° 7.68% 17. 057 24. 557
£ 0.15 20,16 £0.42 £0.99

- ~-.Contd,

97
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(1) (2) {3) {4) {5)
7.50 9.65 37.6 .6
. 7.860 9.60 35.4 $5.0
2 8.00 9.70 36.2 7.6
7.75 10,15 37.6 52.8
Mean * S.E. 7.71¢ - 9.78° 36.70° 2. 259
+0., 11 £0.13 £0.54 “1.20
8.75 10.70 47.4 75.2
8.95 10.75 45.4 77.4
6 3.10 10.95 51.2 77,4
9.05 11.15 52.2 78.0
Meant S.E. g.96%°  10.89° 49. 05" 77.00°
' 10,08 T t0.10 £1.60 +0.62
6.47 7.48 12.1 15.0
r 5.83 7.40 13.5 15.9
7
5.88 . 80 12.2 16,2
5.57 7.67 73.2 16.5
Mean * S.E. 6.039  7.587 12.75% 15.98%
10,14 20,09 #0,35 ° 20.35

e e A P we  T WE  wr wm mm wm m mm Em M T m S A W T GV N W L A WL M MW R M AW R M M R R AN A SR B e

a, b, ¢, d & e Ffigures with different superscribts_in the same column

differ significantly (P/0.05).

T,, L.acidophilus (R); T

2, L.acidophilus (I}; T3’ s. thermophilus (5ST);

T
, S.thermoph .
4 2 philus (CH); Ts,g_.cerevisiae f5221; T

6, S.ceravisiae (B/;

T
7. Control.



Table 4.3 Effect of different probiotics on in vitro ammocnia
~nitrogen and microbial-nitrogen levels on feed
substrate (Wheat straw:Concentrate, 60:40)

Treatments Nﬁj-N Microbial-N
fmg/106ml) {9/kg of OM digested
24n . 48h 24n 42h

A Y Y I 2 2 Y M Y
20. 3 2.7 40.99 4é.95
T, 19.6 21.0 42.35 50. 30
21.0 23.1 43.72 571,66
21.0 22.4 42.35 51.66

Mean * S.E. 20.48°  22.05° . 42.35% 50.64°
| +0. 34 £0.45 £0.56 0,65
18.9 21.7 44.2 54.75%
r, 19.6 21.0 45.56 56.09
20.3 23.1 46.89 = 56.09
}9.6 _:r.o 44.22 57.43

Mean * S.E. 19.48°  21.70° 45. 229 s6.097
+ 0.39 20,49 20. 64 £0.55
20.3 23,1 41.50 48.79
21.0 23.1 38.73 $8.79
Ts 18. 9 23.8 40, 11 50.15
20.3 24.5 40.11 57,50

Mean % S.E. 20, 13°  23,63° 40.?1b 49.3:b
£0. 44 £0.34 20,57 +0.85
20. 3. 21.7 40.55 51.11
r, 19.6 22.4 37.75 52.49
20.3 24.5 40.55 . 53.88
21.0 21.0 39.15 52.49

Mean * S.E. 20.30°  22.40°% 39. 50" 52.499
20.29 £0.76 +1.,47 £0.57

e COnEd,
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- ——— - T R e e e g e At i A e A wm v Em Em Em WA SN am mm R RS R o mr md

A Y AN e v v e e e o et i Y A R SR SR e m A R e A S AN A R M R e e e R b

Mean 1+ S5.E.

Mean # 5. FE.

S N AR R T PR T T e e e v TR W Sk TR T W MmN FUR TR T BT v b R Ee vk b e M e peh M g S R SR wk R A N e m W R M wa S R W

a, b, ¢, d & e figures with different superscripts in the same column

Table 4.3

18,2
T8, 2
18,2
e, 1

17.68
£0.53

16,1
ie. 1
6.1
rs. 4

15.93%
+0., 18

1.8
27.0
20.3
21.0

20,53
£0.29

differ significantly (P/0.05).

T], L.acidophilus (R)}; Tz' L.acidophilus (I); T3, S.thermophilus (HST);
T4e S.thermophilus (CH); Ts,é,cerevisiae {522); T .

T;,, Con trbl .

18.2
18.9
18.9
20.3

19.08
t0. 44

16.8
e, 1
16,1
6.8

16.45%
+0. 20

22.6
271.9
24.8
23.3

23.15°
+0.62

6)

46.01

47.33

44,70
48.64

16.67°
£0.85

48.12
49.38
48,12
49.36

48.75°
20,36

37.52
40.30
37,52
40,30

38.91%
+0. 80

35.79
54.49
55.7%9
55.73

s5,47°%
20.33

67i.03
61.03
62.27
38.78

61.03°
£0.57

43.78
45.15
46.51
45,15

45.15%
£0.56

S.cerevisiae (BJ;

0



Table 4.4 Effect of different probiotics on ip vitro gas production (ml/g substrate)(24h)

on feed substrate (Wheat straw:Concentrate, 60:40)

b e T M N M M R e g e A e ey ey e e NN SN SN T N AR e e T T T e e e T R W W Sh o mm W e e e s e e ey e S P mmk mm A e e e Em e am SR O Wm EE 4R N —

e e e ey e T T R Al N SN S e ey e e e A e e e e e T M S Nt o e M N NN S e e e G e e e M e M M A R S e e A rA e e R W AN N e M N SR M e e e e = e N R M W AN = ot o

10
12
16
20

24

Total

13.6£20.29

T2.820.32

5,0:0.31

7.9+0.23

7.420.22

7.3+x0.08

6.710.26

6.020.27

5.820.23

bed

a, b,

d ‘.q

13.71x0.38

11.820.37
9.020.28
7.8%0.40
7.220,31
7.120,20
6.9£0.23
6.4+0.33

5.720.25

abe

75.0

15.420,45

13.420, 36
9.0+0, 28
8.610.16
8.2%0. 24
7.610.31
7.5%0.15
6.720.42

6.520.47

e

with

dirfforent

15.620.52

13.920,.47

10.720.46

9.210.27 -

8.2x0.37
7.6£0.28
6.7+0.29
6.12G0712

5.740.30

el

same row differ significantly (2/0.05).

T,.

L.acidophilus

Efthermophilus {HST ),
S.thermophilus

L

(R); T‘Z’

(CH); T

E.cere;isiae {8);

T

L.acideophilus

12.2x0.24

10.7+0,26
7.820.29
7.7%0.21
7.420,23
6.610.21
6.520.20
6.520.09

6.010.179

ab

superscripts in

(r);

{5221);

12.228.25

2.8x0,52
7.920.32
7,410, 05
6.320.29
6.620.29
6.220.18
6.0+0.27

5.4£0.05

15.120.10

13.320. 26
10.120.45
8.7%0.06
8.240.06
7.820.09

7.2x0.17

e e g e W e R M AR e ek e M MW M e e e R A e A e e e e el e Ry e M e e e M b R W EE ek M mw MW M MR AR e o o W e e e e e e W NN NN A AR R mm M AR AR e e e T

e figures

{04



Table 4.5 Effect of different probiotics
on feed substrate [(Wheat straw

:Concentrate, 60:40)

v e o o N R W ER o wr Em SN AN AN RN R e e e e e e e A A o MR M A o e e B M B —m dm ME R o f e ek A e e am R A R R e e B B A ek ek e o e = = Y= = e Er Er Er Em AR MR - o wr Em R e s =

e

Treatments Tfmd
Hours LAR
2 13.420.20
4 13.320,40
6 2,420,271
8 8,2+03.20
o 7.820.41
12 6.720,23
16 6.920.29
20 6., 2+0.10
24 5,720.05
28 5.240.11
32 4.920.19
36 4.7+0.21
40 £.520.08
44 4.320.11
48 3.820, 22
el
Ffotal 104. 4

U I RSP e p——— PP AR A R g B ettt sl i R R el

13.1+0.33

12.520. 24
9.220.47
8.420.22
7.640.22
6.740.21
5.910.31
5.3%0,08
5.520.06
5.540. 11
5.320.18
J.5%0. 15

' 3.9£0.19

3.4420.07
3.320.04

_ &
100. 1

8.020.22
7.420.04
6,7£0.16
6.720.26
6.7%0.30
6.320.10
5.420,05
5.5+0.24
4.8%0.18
3.9+0.25
3.840.21

J?Z.Sd

15.0+0.30

14,.0£0.35
9.820.30
9.4+0.19
8.040.24
7.8%20.35
.20, 24
6.8z20.,30
6.420. 10
6,120.14
5.620,09
5.0t0.14
4.740.173
4,6+0.06
4.120,27

114.5

o

12. 020,29

71.320.32

8.4+0.31
7.620.06
7,310,089
6.310.10
6.320.09
5.9+0.25
5.520.37
5,6+0.10
4.910.28
4.720.17
4. 1£0.17
3.9£0.20
3.650.21

ab

a7.4

10.510.32
7.620.27
7.520.23
7.2+0.29
6.710,175
6.2+0,10
6.0£0,21
5.3x0.10
5.2x0.28
4.61£0.10
4. 110,26
3.5+0.171
3.6+0.78
3.120.27

&

a, b, ¢, d & e Figures with different superscripts in the same row differ

significantly (P/0.05).

Ty L.acidophilus (R); T,, L.acidophilus (I); TS' S.thermmophilus (HST);

Ty 3.thermophilus (CH); T.,S.cerevisiae (522);

T}, Control.

.Ts, S.cerevisiae (8);

14.620.09

i3.120. 26
2.720.17
8.720.10
8.020.19
7.420,12
7.7110.07
6.520.07
6.220.10
6.220.10
5.8£0.16
5.020.086
- 4.420.02
4.220.08
3.940.11

110.8
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Table 4.6 Statistical analysis of

different

parameters of in vitro rumen fermentatioua.

Source of variation d.f. Mss__
Dy on TVFA Kicrobial NH3-N Microbial
degrada- degrada- Conc. counts Con protein-N
bility bility -
Between replicates 3 7. 15 0.52 2,44 .97 7.54 3.69
Between treatments [ 36, 30* 30.37% fof.36* 2162.97 36.76 153,45
Between hours ? 45,64 4.29 390,28 71379.,07 54.67 1366.41
Error 39 .67 0,32 0.62 3.25 0,69 7.29

Signif.icant at 5% level.

£0¢



PHASE = IT

5. SUPPLEMENTATION OF LIVE MICROORGANISMS ON

IN VIVO RUMEN FERMENTATION

5.7 EESULzé

Out of the strains of lactic acid producing bacteria

and Yeast, one strain from each group, i.e. g.acidcphilus
(I} and g.éerevisiag. fB) was selected on the basis of
observations obtained during din vitro rumen Ffermentation.
These microorganisms were supplemented Iin tbe diets of adult

Lfistuliated male catitle. The supplementation was made

individually [L.acidophilus (I) (Tr), S.cerevisiae (B) (Tz)
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and in combination (T3) alongwith a group of control (Tq)}
to study the effect on rumipnal fermentation. on the

performance of 1in vive studies best supplement will be

selected, which will further be used in growth experiments.

5.1.1 DM disappearance in Nylon bag

Measured and fitted values (Orskov and HcPonald,
i978) of pPM disappearance in different t?eatment groups and
incubation periods are presented in Takle & Fig.5.7. 2t 6 h of
post feeding pPM degradability were 16.55, 10.24 apd 1,13

percent higher in T, (37.46%), T_ (35.43%) and T, (32.52%)

3 2

treatment groups, respectively as compared to control group
f32. 14% ). At 12 h of Iincubation D¥ degradability were

i’.66, 7.21 and 1.20 percent higher 1In T3 (47.37%), T2

(45.48%) and T? f42.93%) treatment groups, respectively

over control group (42.42%). This reduction also persisted

during 24 and 48 & of Incubations, DM degradability (24h)

were 4.97, 2,42 and 0.26 percent higher in T3 (57.28%J, T2

{55.93%} and T? (_5.4.7?55_) treatment groups, respectively,

At 48 h DM degradability was 5.24 and 3.40 percent higher

in T-3 {64.63%) and T2 {63,50%) treatment groups respectively

over control group (67i.471%), However, DM degradability

(48h} in treatment group T _  (60.86%) was slightly lower than

H

control group. The supplementation of S.cerevisiae (B)

alone and with a2 combination of L.acidophilus rr)




Fig. 5.1 : DM DISAPPEARANCE OF SUBSTRATE
AT DIFFERENT INCUBATION PERIODS AND
PROBIOTIC SUPPLEMENTS

% DM DISAPPEARANCE

HOURS —-—->

—— T—] o Te2 —He Te3 8 Ty

TI' L.acidophilus (I}; Tz, S.werevigiae (h1; TJ' Loacidophifu: (7)) + S.cerevisiae (B)

T4, Contral,
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established increase in bPH degradability over the contrel
group. But as the time advanced, the Iincrement iIn DM
degradability was at a decreased rate. It &lse seems that

supplementation of L.acidophilus alone had little effect

on DM degradability. wWhereas addition of S.cerevisige (B)
showed & subsrvantial effact, and increased the DM
degradability over S.cerevisjae supplementatien alone upteo
4éh. Pifferences in DM Begta&abiiity were wider for ¢ and
t2 B of incubations as compared to 24 and 48 h of
incubations.

Phe coefficients of the D8 degradability curves
plotted  according to the method cf. Oreskev and Maﬁcngld
(1379} are shown in Table 5.3. Intercept of the degradation
eurve fa value) at Oh was hkigher in treatment group TE
{22.7¢} fellowed by Tz {21.18) over T; (25039)' apnd T#
{15.65} treatment -groups. The rate constant Ffor the DM
degradatian of the component with potential degradability

{¢ valye} was Jower in T, {(0.069%3) and Tz(o*aﬁﬁ?) treatment

3
groups over T7 fe.0752) and ?4 {0.0704) treatment groups.
Bffective degradakility at a Flow rate of 0.05 percent/hour
was higher in T3 {47.97%} and T2{46.20%J treatment groups

over T! {43.50%) and Tg(43-40*) treatment groups.

$.1.2 Fibre degradability

Table & Fig.5.2 showed fiber degradability during different



Fig. 5.2 : CF DISAPPEARANCE OF SUBSTRATE
AT DIFFERENT INCUBATION PERIODS AND
- PROBIOTIC SUPPLEMENTS

% CF DISAPPEARANCE

15 - > I T
HOURS ——->
— T-1 ~— T2 —*%— T-3 8= T-4

T’, L.acidophilus {I)}; Tz, S.cerevisiae (B); T,, L.acidophilus (I) + S.cerevisiae (B)

3)

T4, Control.
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hours and treatment groups. Fiber degradability (6h) was
i8.87, 14.98 and 2.28 percent higher in treatment groups
T3 {23.88%) T2 (23, 10%) and TI (20.55%) respectively over
controel group f20.09% ), At i2 h of incubation fiber
degradability were 8.87, 2.84 and 1.44 percent higher in
treatment groups 'rj_ {25.65%), T2 (24.2-3%) ar:-d rz:r23.9-ox),
résPectiveIg ever control group r53.562). At 24h  of
incubation the jncrease was 4.95, 3.34 and 0,86 percent in
-treatment growps Tj_ {27.9?%}, T2 (27.54%) and T?(26.88z),
respectively over contrcl group (26.65 %). Similarly at
48k fibher degradability was 4.68, 1.36 and 1.1! percent
higher in treatment groups T, (29.94%), T, (28.99%) and T,
(23.92%), respectively over control groﬁp f28.60%)- Similér
pattern was Followed by Fitred fiber dégradability
calculated as per orskov and McDonald f79?£). . Table 5.2

clearlyd indicates a higher fiber {degradation Jin treatment

groups supplemented with S.cerevisiae (B). Response was

prominant after 6 to 12 h of Incubations in S.cerevisiae
{B) supplemented group. However, &t 24 and ¢8h of
incubations fiber degradability was comparable in all
treatments.

Table 5.3 describe the fiber degra&ation ‘;ates in
different treatment groups estimated as per orskov and
McDonald (197¢8). Intercept of the degradation curve at Oh

{a value) was higher in T3 treatment group (21.29) Followed



fos

by Tz (20,28} over treatment groupﬁ T; {i4.43) and T4

f14.53). The rate constant for degradation of the component
with potential degradability (c valuei "were lower in
treatment groups Tz f0.0535) and T3 (0.0484) as compared
to treatment groups T? {C.0837) and Td (0.0814)}, Effective
degradability at a flow rate of 0.05 percent/h was higher
in T3 f26. 13%} and T2 {25.20%) ¢reatment groups over T?
f23.80%) and T4 {22.43%) treatment ¢groups.

5.1.3 Ruminal total volatile fatty acid {TVYFA)

concentration

The data in respect of TVFA coencentration in the
rumen at different intervéls and treatmeant groups are
presented in Table 5.4 (Fig. 5.3}. In all treatment groups
TVYFA concentration (mM/i00 ml} reached to  a Imaxiﬁum peak
at 6h post feeding. The peak was highest in treatment group
T3. f16.56} followed by treatment Group T2 f15.64).

Freatment group T, showed a lower TVFA ceopcentration all

the times as compared toe coptrol group. Treatment group
T, showed a 6.64, 12.50, 171.13, 9.8%, 11.80, 17.49 and 7.19
percent higher TVFA c¢oncentration at 0, 2, 4, 6,8, 10 and
12 h post feeding respectively over contropl group.

Similarly treatment group T2 showed ?.09, 6.29, 7.19,
3,71 anad 1.10 percent higher TVFA concentration at 0, 2,
4, & and 8 h of post feeding respectiveeaely over control

groug. However, at o and 12 ¥y of post feeding



Fig. 5.3 : TVFA CONCENTRATION AT
DIFFERENT HOURS OF POST-FEEDING
AND PROBIOTIC SUPPLEMENTS

TVFA CONCENTRATION (mM/100 ml)
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T,, _I_-.'acidoghilus (1); T?’ S.cerevisiae (B); ij L.acidophilus (I) + S.cerevisiae (B)

T4, Control,
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copcentration of TVFA in treatment group T'2 were 2.37 and
.48 percent lower regpectively over control group.
Treatment group T; showed 1.23, 4.94, 4.7i, 4.70, 4.84,
71.26 and 7.07 percent lower concentration. at 0, 2, 4, 6,

&8, 10 and 12 h respectively over contrel group. It secms

that supplementation of L.dcidophilus fr) alone had no

effect on TVFA concentration. However, supplementatjion with

S.cerevisiae (B) increased the efficiency.

5.7.4 Concentration of individwnal velatile fatty acids in

the rumen

The concentration or acetate, propicnate and
butyrate "during different hours and groups are prsented in
Table 5.4, The concentraticn of acetate {(Fig. 5.4} in the
treatment group TI was 1.90, 33.87, 6.70, Q.BG .percent
hjg}ber atr 2, 4, 6 and 8h post feeding reSpeétively compared
to control group (Td)' However, at €6, 10 and 12h post
feeding acetate concentratioon was lower by 3,13, 1.53 and
.73 percent respectively. Similarly treatment group T2
showed 4.90, 26.05, g.62, .44, .20 and 6.45 percent
.hhjgher acetate concentratioon at 2, 4, 6, 8, 10 and 12k
post feeeding, . Tespectively except at 0h pos-t feeding where
it was 2.68 percent lower compared to control _group; "Tq}'
Kowever, treatment group :"3 showed a reduced c.;oncentraticn
of acetate by 12.05, 4.1f, t.7¢6 and 4.35 percent at 0, 2,

8 amd 10 h post Ffeeding respectively compared to control

group (Td,l. Whereas at 4, 6 and 12k post Ffeeding



Fig. 5.4 : ACETATE CONCENTRATION AT
DIFFERENT HOURS OF POST-FEEDING
AND PROBIOTIC SUPPLEMENTS

-0 ACETATE CONCENTRATION (mM/100 M)
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T?, L.acidophilus {I}; Tz, S.cerevisiae (EB); T3, L.acidophilus (I} + S.cerevisiag (8)

'T4, Control,



conceniration of acetate was higher by 16.03, 10.82 and 9.57
percernt respectively over control group (T4).

Concentration of propionate (Fig. 5.5) in treatment
group T’ was lower by 71.82, 0.45, 4.0%, 5.02, 4.73 and 5.45
percent-at ¢, 2, 4, 8, 10 and 12h post feeding respectively
except at & h post feeding wbere.ié was 5.02 percent higher
compared teo control group (T4). However, treatment groups
Tz and T3 showed a higher propionate proportion at all time
of sampling, JTn treatment group T2 propionate concentration
was higher by 1.44, 9.91, 9‘55, f0.42, 3.65, 6.64 and 3.91
percent at 0, 2, 4, 6, 8, IO aqd T2 h post feeding
respectively over control gréup (T4).1 Similarly treatment
group T3 showed é higher concenfration of proionate bg
13.06, 15.45, 17.54, 7,31, 15,69 and 10.89% percent at 2,

4, 6, 8, 10 and 12 h post feeding respectively compared to

J. Whereas proplionate concentration at

control group (T4

O0h post feeding was 2.40 percepnt lower in T3 treatment

group.
Ruminal concentration ef butyrate {Fig. 5.86) In

tratment group T was Jlower by &.33, 27.30, 13.7% and 719.00

H
percent at 2, 6, 10 and 12h post feeding respectively over
coptrel group (T4)' Heowever, butyrate concentration at ¢,
4, énd 8h post feeding were higher by 14,06, 8.64 and 21.25

percent respctively compared to control group (T4). In

general treatment groups T2 and Tj_ showed a lower



Fig. 5.5 : PROPIONATE CONCENTRATION AT
DIFFERENT HOURS OF POST-FEEDING
AND PROBIOTIC SUPPLEMENTS

PROPIONATE CONCENTRATION (mM/100 M)
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Fig. 5.6 : BUTYRATE CONCENTRATION AT
'DIFFERENT HOURS OF POST-FEEDING
"AND PROBIOTIC SUPPLEMENTS

BUTYRATE CONCENTRATION (mM/100 M)
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T?,' L.acidophilus (I)}); Tz, S.cerevisiae (B); T3, L.acidophilus (1) + S.cerevisiae (B)

T4, Control.



concentration of butyric acid. In treatment group T2 butyric
acid concentration was lowered by, 10.93, i16.67, 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
(T4}. Similarly in treatment group Tj butyric acid
concentration .was Jlowered by 8.33, 271.30, 3.75, 27.5%9 and
42.00 percent at 2, 6, 8, ¢ and 2 &k pbst‘ rfeeding
respectively compared to cont;ol group (TqJ- However,

butyric acid concentration at ¢ and 4 h post feeding were

84.34 and 14.81 percent higher respectively.

5.1.5 Acetate:priopionate ratio in the rumen

Acetate to pripionate ratio in different hours and
groups are presented In Taﬁles.4 (Fig. 5.7}, The ratio
dropped after Ffeeding and was lowest at 4h pest feeding.
Thereafter, it rose gra&ually in all treatment groﬁps upto
128 post feding. In treatment group T7 except at O0h post
Feeding fwhere rafio was 1,23 percent lower)
acetate:rpropionate ratio were 2.45, 18.5b, 3.62, 6.31, 3.16

and 4.56 percent higher at 2, 4, 6, 8, .10 and 1712k post

t ey ,_
feeding over cdont'trel group dge te a higher acetate
/ & ™
/ > ! :
proporticons. Similarly im tratmént groups Tzand T3 at ¢h
- . .

pqst feeding acetate to propionate :atiqs 1were. 74.57 and
0.44 percent higher respectively. However, at ©, 2,6, &,
10 and 12h post feeding, acetate to propionate ratios in
both groups (T2 and T3) remained lower {4.?2, 4.56, o0.72,

4.56, 5.06 and 2,28 percent in treatment group?} and 2,.%0,



Fig. 5.7 : ACETATE PROPIONATE RATIO AT
DIFFERENT HOURS OF POST-FEEDING AND
PROBIOTIC SUPPLEMENTS
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is.08, 5.79, 8.42, 9.49 and 1.30 percent in treatment group

Tj respectively) due to a higher propionate proportion.

5.1.6 Levels of Ruminal ammonia-N

In all treatment groups ammonia-N (mg/100 ml) level
incresed after feeding and reached to peak at 4h post
feeding ({Table 5.4 and Fig. 5.8) in all treatment groups

(TF 19.44,° T2 ig. 39, T3 té6.38 and T4 19,28). Level of

ammonia-N in treatment group TI was 5.39, 2.89 and 2.5!
percent Jlower at 0@, 10 and 12h post feeding respectively.
However, at 2, 4, 6 and 8h post feeding ammonia~N was 1.98,
¢.83, 0.56 and 0.00 percent higher reséectively pover control
group., Treatment group T, showed a lower ammonia-N.
concentrafion by 2.99, 3,77 4.6!, 3.79, 1.17, 2.85 and 3,20
percent at G, 2, 4, 6, 8; 10 and 12k post " feedipg
rezspectively as  compared to contrel group. Similarly,

3
13,9¢, 15.04, 10.40, 6.72, 6.03 and 6.85 percent at 0, 2,

treatment group T showed lower <concentration by 6.68,

4, 6, 8, 10 and 12h post feeding respectively.

Supplementatjion of L.acidophilus (I} seems to have almost

no effact. Howevef, S.cerevisiae supplementation tended to

lower the ammonia-N concentration particularly at the peak.

5.1.7 FLevels of Microbial protein in the rumen:

Microbial protein levels in the rumen liguor at
diffrent hours and treatment groups a&are presented in

Table 5.5 [(Fig 35.9). 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’ showed less or almost similar microbial
protein level compared to control group (T, The values
were 5.48,' 7,92, 0.00, @.00, 0.00, 3.93 and 5.37 percent
higher at @, 2, 4, 6, &, 10 and 12h o©of post Ffeeding
respectively,. {fowever, treatment groups T2 and T3 showed

comparatively hjigher microbial protein levels in comparison

. In treatment gzoup T microbial

to controel group (7 2

4
protelin levels were 12,19, 14,21, 5.38, 6.0, 5.67 and 5.37
pel-;rcent’ higher at 2, 4, 6, 8, 1o and 12h of pose=feeding,
respectively. Similarly treatment. group T3 showed 0.00,
15.85, 73.68, 12.25, 12.03, 12.66 and "10.74 percent highér

microbial protein respectively over control group.(T4}.

5.7.8 Microbial population in the rumen content

Table 5.5 (Fig. 5.10}) showed the microbial populatiocn
in the rumen liguor at different hours and treatment groups.
Microbial population increased gradually after fegding and
reched to a maximum Jevel at 12k post feeding in all
treatment groups. An unexpected high microbial populat;on

was noticed in _group T followed by treatment group T..

3 2

In Treatment group T _  microbial counts were 7.31 and 2.32

H

perecent lower at @ and 2h post Cfeeding respectively over

control group (T }. However, 4h after feeding microbial

4
population increased by 12.28, 3.50, 5.17, 10.29 and 5.12
percent at 4, &, 8, 10 and 12h post feeding respectively

compared to controcl group. Treatment group T2 and T3 also



Fig. 5.10 : MICROBIAL POPULATION AT
DIFFERENT HOURS OF POST-FEEDING AND
PROBIOTIC SUPPLEMENTS

MICROBIAL POPULATION (x10 )
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showed @& bhigher microbial counts oveer cortrel group (T4)
and ny) treatment groups. In treatmeni group ?2 microbial
counts were 4.4, 23.25, 38,77, 59.64, 70.68, £3.82 and
73.07 percent higher at 2, 4, 6, 8,. 10 and 12k post feeding
respectively over vcontrol group. Similar bdut a higher
regsponse  was observed in treattment group T3 and the
microbial counts were 9.75, 34,88, .5?.02, 49.72, es.17,
132.35 apd 130.76 percent higher at 0, 2, 4, 6, &, 10 and

I2h postfeeding respectively compared to control group.

5.1.9 Lactic acid concentration in the rumen:

Lactice acid ~Ievels in the: rumen ligquor during
different houvrs and treatment groups are presented In Table
5.6 (Fig. 5.77%1}. Level of lactic acid reached to a maximum
level after Zh of feding, therearfter, it declined gradually.
At 2h post Ffeeding the Ievel of lactic acid was considerably
loweyr in treatment group T3 {1.24 mH/l) which increased to
1.83 m#/l in treatment group rz, 2.12 mM/I In treatment
group T4 and 2.271 mM/l iIn treatment group T;.- At Oh post
feeding lactic acid concentrations were 7.40, 14,871 and 3.70
percent Ihigher in treatment groups T,, Tz and T3
respectively over control group (T4). éimiiarly treatment

group 7, also showed a higher concentration of lactic acid

!
vpto <h post feeding. At 2 and 4h post feeding it was 3.75
and 4.539 percent bhigher respectively over control group

(T4). Fowever, after 6, &, 10 and [I2h post Feed ing Jlactic
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Fig. 5.11 : LACTIC ACID CONCENTRATION AT
DIFFERENT HOURS OF POST~FEEDING AND
"PROBIOTIC SUPPLEMENTS

TLACTIC ACID CONCENTRATION {mM/L)
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acid concentration dropped by 9.80, 0.00 and 3.44 percent
reépectively over control group (T4). Treatment group T2
showed a lower conventration of lactic acid 8.38, 6.89,
27.45, 9.09 and 3.44 percent at 2; 4, 6, 8 and 10h of post
feeding rgspectively. In treatment group Tj lactic acid
concentrations were 41.78, 3.44 and 21.56 percent lower at
2, 4, and 6h of post feeding respectjvely over control group

(T ). However, at 10 and 12h of post Ffeeding it was 3.44

4
and 3.57 percent higher respectively compared t¢o control

group (T4}.

5.1, 10 Flow rate of liquid digesta:

Ruminal digesta Flew kinetics are presented in Table
5.6 (Fig. 5.12). It could be seen from table that the
average values of rumen fluid volume (litres) were 3C.25,
25.91, 26.67 and 25.76 in the animals of treatment groups

T T2, T, and T £ respectively. On further calculation it

Pe 3 4
was found that rumen fluid volume presented 9.53, &.75, 8,84

and 8.46 percent of the body weight in the énimals of

treatment groups T T T and T respectively. Flow

Hd 2’ 3
rates of ligquid digesta (1/d) ranged between 46,69 (control

4’

4
digesta were 9.23, 8.86 and 10.25 percent higher in

group, T,}] to 571.48 (group, Tj). Flow rate. of .liquid

treatment groups T 7, and T_ over control group (T4).

1t T2 3



Fig. 5.12 : FLOW RATE OF LIQUID DIGESTA
ON DIFFERENT PROBIOTIC SUPPLEMENTS

FLOW RATE (litres/day)
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5.2 DISCUSSION

5.2.1 DM disappearance in Nylon bags:

bM disappearance at 6k incubations were significntly

higher in T (by 10.23%} and T {by 16.55%) treatment groups

2 3
when comparéd to control group. ' The difference between
treatment group T? £32,52%) and T4 (32, 14%) was
non-significant. Similar response was obtained atc 12h
incubation. DH degradability {12h}) were significantly
higher by 7.21% In Tz and by 11.66% in T3 treatment croups
over control group. At 24h Incubations DM degradabiility

was significantly higher by 4.97% in treatment group T3 over

control group, The difference hetween other treatment groups

Wwas non-significnat. oM degradability {48h) was
significantily higher Dby 3.40% in Tz and py 5.24% In ?3
treatment groups over control group. However, the
difference between Tz and T, treatment groups was
non-significant. It congluded that supplementation of

S.cerevisiae (B) either alone or in combination with

L.acidophilus (I) enhanced the DM degradability. As DM

degradability in S.cerevisiae - supplemented group {sz
increased from 35.43, 45.48, 55.93 and 63.50 percent at
6,12, 24 and 48h to 37.46, 47.37, 57.28 and 64.63 percent

respectively when S.cerevisiae wWas supplemented with

L.acidophilus (I) in treatment group T3. Similar results



have been reported by earlier workers (Gomez - Alarcon et
al., 1887; Weidmeier et al., 1987; Arambel and Kent, 17990;
Chademana and OFffer, 1719890). However, other workerg obtained
no such response (Harrison et al., 1988; Carro et ai{i1992,
Mutsvangwa et al., 19%2). Thig ecould be due teo difference
of microbial strain supplemented in this experiment or
differences of survivability of micrgorganisms at ¢the time
of feeding. In the present experiment DM degradability
differences between different treatment groups were greater
upte 12h of incubation and thereafter it declined. In the
presence of yeast culture, the lay time for DM degradation
reduced. Chademana and OfFfer (71830} confirmed the findings
of presént study and reported Increased DM d’isappearan'c:e
on ratlions varying 'in concentrate:forage proportion (10:90
to 60:40) and supplemented with yeast culture when incubated
in the rumen upto 24h. Haowever, no effect- was visible at
48h incubation.' Similar responses have been reported by
Dawson et al. [1987), williams and Newold {715%0b), Williams
et al. (1937). However, Ayala et al. (7992) found that

supplementation of 5. cerevisiae significantly improved the

DM degradability upto 96h.

5,2.2 Fibre degradability:

At 6h Incubation treatment group Tg'{23,10%} and TJ
f23.88%) have significaptly higher fiber degradability (by
14.98 and 18.87 perevent) over control gqgroup (20.08%). At
12h of incubation ﬁreatment group Té © (25.65%) had

significantly (by B8.87%}) higher fiber degradability over
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control group f23.56%). Fiber degradabiliity {?2h) in

(24.23%), T, (23.90%) and control group

treatment groups T y

2
(T, ) (23.56%) were onon-significantly different. Similarly

4
at 24 and 48h of incubapion, there was a non-significant
difference among the treatments. The improvement in the
fiber degradability during first 12h of incubation supports
the data of earlier studies (Wallace and Raleigh, 19260;

Weidmeier et al., 1987; Williams, 198948; Chandemana and

Offer, 1990 and OFffer, 19%0). The ability of S.cerevisiae
to stimulate fiber digestion in the hipd gut of horses is
also reported (Glade, 1988; Gladé_and sigt, 1588 and Pagan,
1890}, ° Weidmeier et al. f1987) observed that addition. of

S.cerevisiae Iin the ration of ruminants increased the number

and proportion cof <cellulelytic bacteria in the rumen, -

thereby resulting inte Improved digestibility of structrual

carbohydrate. The precise mechanism by which S.cervisiae
modifies the degradation of forage not known. It seenms
likely that the  S.cerevisiae stimulate the initial

colonisation of the plant fragment in the rumen a&llowing

more rapid commencement of fiber breakdown.

5.2.3 Ruminal total volatile fatty acids (TVFA) concentration :

A non-significant difference of TVFA concentration
existed before feeding among &all the treatment groups. The
TVFA concentration 1in treatment groups TI did not differ

significantly from 0 to 12h post feding when compared to
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control group. In ¢treatment group T3 TVFA concentration
was significantly higher by 6.64, 12.50, rr. 13, g9.81,
17.80, 17.49 and 7.19 percent at 0, 2, 4, 6, &, 10 and 12h
post feeding respectively, The concentration was
significantly bigher by 6,29 and 7.19 percent in treatmeqt

group T2 at 2h and 4h post feeding. It appears from present

data that supplementation of L.acidophilus (I} possessed

noe effect on TVFA production. Whereas supplementation of
S.cerevisiae increased the preduction. Agaln

supplementation of S.cerevisiae (B} with L.acidophilus had

a prominent effect on TVFA production, The data of
Mutsvangwa et al. (1392) supported the present observations

that total concentration of VFA were significantly higher

in bulls receiving S.cezxevisiae as compared with that of
control., Several other workers (Newman and Dawson, 1987;

Dawson and Newﬁan, 1988; Harrison et al., 1988; Williams
et al., 11988; Martin and Nisbet, 1989 and Carro et al.,
1992) have reported a higher concentration of rumipal TVFA,
However, otber workers (Phillips and Von Tungelin, 1985;
Chademan and Offér, 1990 and Frikins et al., 1990) found
that total concentration of VFA was not affected by yeast
culture supplement at any tjme. Harrisen‘ et al. (1988)
reported that molar proportion of propionate _and valerate
was higher. ﬂ higher proportion - of these VFA may account
for a higher VFA Ieﬁel occured in preseﬁt experiment.

Although the primary Factor for 2 higher TVFA with additicn

of yeast culture is unclear.
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5.2.4 Concentration of individual voelatile fatty acids

in the rumen:

The concentration of acetate Iin all treatment groups
was statistically similar at different hours except at 4ih
post feeding in T2 treatment group, where acetare
concentration was bigher compared to control group (62.2

Vs 42.9 mM/ 100 M), Similarly the concentration of proplonate

in T, treatement group was also statistically similar at

different hours. However, the ccncentration of propionate
improved in &reatment groups Tz_ and ‘.I’j. In the treatment
group T2 the praopionate concentration was significantly

higher at 2, 4, and. 6h post-feeding (by. g.91, _9-55 and 10 4_2-
pe;cent ;espectively} compabed'to contrecl group (Té). Even
pr-opionate. concentration at ¢, &, 10 and [12h post feeding
was also improved in T2 treatment group but did not reach
to statistical significance. Treatment group T-3 showed &
significantly improved_ propionate concentration (by 13.06,
15.45, i7.54 and 1i0.89 percent at 2, 4, 6 and .Izh post.
feeding respectively} compared to control group {?4), The
concentration of propionate at &h .(23.5'.mM/100 M} aand ICh
(22.3 mM/7100 M} post feeding was also  non-significantly

higher in treatment group T compared to control group

3!

(Té). The. ceoncentration of butyrate between different

groups and hours was almost similar except in treatment

group T3 at Oh (11.8 mM/100M) and in control group ”14) at
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&h {10.8 mM/I100 M), where exceptionally bigher butyrate
concentration was observed.

The results of the present study are at par with the
results, of Hession gt al. (7992). They found that yeast
cititure suppliement had ne effect on acetate concen‘tration.
Harrvison et al. (1887} found that yeast cultue
supplemeantation ;n fistulated Holstein cows showed increased
concentration of propicnic acid {(27.4 Vs 30.0 M%) and did
not affecf the concentration of butyric acid (14.7 Vs
i4.5 M%), Similarly Adams et al. (1981) reported that yeast
culturé supplement In the diet of la@bs had no significant
erffect on acetic acid concentration (at 7h 63.2 Vs 6171.2 and
at Fth 62.2 Vs 60,3 mol/ 100 mol in yeast culrure
supplemented groupl. In the same experiment propionate
concentration was Increased f(at 7h 22.5 Vs 24.9 ané at f1h
24.1 Vs 25.6 mol/100 mol inm yeast supplemented group! and
concentration of butyric acid was notl affected by yeast
culture supplement f(atc 7h 11,7 Vs F7.0 and at #1h 7.3 Vs
10.9 mol/180 mel in yeast culture supplemented group). As
in the prsent expeiment a_bigher concentration of propionaze
with ge%st cilture was also obtained in steers by Malcolum
and Kiesling 1920} (15.8 Vs 16.2 mol/100 mol),i in isheep
by Newbold et al. (1990) (132 Vs 165 m mal/ﬁol) and in bulls
by Mutasvangwa et al (19%2) f(ae 8h 31,74 Vs 33.87 and at

15h 33.77 Vs 36,79 mM/1).
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However, the results of the present study differ from
other studies. many workers reported that inclusion of
yeast culeture in the diet resulted in a higher acetic acid
concentration (Harrison et gl, 1987, 1588, Weidmeier et al,
1987, wWillijams, 1989, Malcolum and Kieslin, 1990, Mutsvangwa
et ai, J19%2). Thig difference in VFA proportion might be
due to level of yeast culture in +he diet of animals.
williams {7988} compared two lavels of yeast culture and
Found that concentration of acatale increased with
increasing the level of yeast culture supplement. This
alse might be due to differences Iinm the proportion of forage
te cepcentrate in the diet. <Carro ég_ al. (7992} ZFound a
lower a;‘etate and higher butyrate whe;n yeast culiture was
included in’ the medium and low c@ncentraie diets. Herver,
yeast culture had the opposite effect in high concentrate
diets. 7The data of the present st-ua‘y indicated that ¢the
variations depend on the feeding pattern and time of

sampling. rhe microbial cultures influence Ffermentation

pattern end alter fermentation stochiometry.

5.2.5 Acetate propiopate ratio in the rumen

Acetate:propionate ratio was . non~significantly
differed between all -treatment groups except T3 before the
start of rfeeding. At all eime intervals g:oﬁp Tjr showed
a2 neon-significantly higher acetate to propionate ratic, due
te a higher ce‘nd’ency in acetate production. . In contrast,
group i"z showed non-significantly lower acetate to

propionate ratio at all time intervals of sampling.
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Similarly in treatment group Tj, acetate to propionate ratio
was 9.¢0, 15.08, 16,17, 8.42 and 9.49 percent lower at 0,
2, ¢, 8 and I10h oFf post Ffeeding respectively over control
group (Tq). The reduction in acetate éo propiconate ratio
was due %o a higher propertion of propionate at the expense
of agcetate. It appears from the present data that

L3

S.cerevisiae caused a shift Iin more propicnate production

at. the cost of acetate. ¥n the present trial the reduction
in the acetate to propiocnate ratic confirm earlier results
{Rarrison et al., 7988; WNewbold et al., 1990; Carro et al.,

1282} indicating that S.ceraevisiae {B} with L.acidophilus

fI} had a major 'effect on fermentation stoiqhiometery in
the rumen. Several authors (Adams Eﬁ. al., 1981; Teh et
al., 1987; Dawson and Newmapn, 1988; Martin and Nisbet, 1289,
Chademaﬁa and Offer, 1950; dutsvangwa £t gi., 18682} have
reported either small or no change in acetate to propionate

ratio when S.cerevisiae was suppiemented to @ high forage

diet. In the present study, «ruminal VFA patterns were

altered by addition of S.cerevisiae (B} with g.acidophilus
(L), Molar proportion of acetate was ‘lower and molar
proportion of propionate was greater in animals receliving
mixed cultures. The =shif+t in molar proporéion of acetate
and propionate resulted in a lower acetate to propiohate

ratio in rumen fiuid of animal receiving mixed cultura.
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5.2.6 Levels of ruminal ammonia-N

Ammonia~N concentration was significantly Ilower by
5.39, 2.99 and 6.68 percent before feediny in treatment
group T?, T2 and T3 respectively as against control group.

In treatment greup T ammonia~N¥ was significaantly lower

3.!'
by 6.68, 13.9¢, 15.04, 10.40, 6.72, 6.03 and é.83 percent
at ¢, 2, 4, 6, &, iI0 and 2h post feeding respectively over

control group {(T,). Similarly treatment group ?2 also

4
showed a2 lower ammonia~N at all time Iintervals after
feeding. Level of ammonia-~N was sgignifjicantly lower [by
3,77 and 4.61 percent) at 2 to 4h oF post rfeeding. But‘in
treatment group T’, agmmonia-N gogoncentration was similar aé
compared to control group fTJ}. The data revealed that

supplementation of S.cerevisise (8) lowegred <he level of

ammonia—-N but combination L.aclidophilus (I) had added effect

RHowever, L.acidophilus (I) alone did not show any rsponse

over ontrol. Greater concentration of total anaerobic

bacteria due to inpcreased protein synthesisz (Table 5.5%)

supported tha contention of lower level of ammonia
concntration in animals Ted S.cergvisiae. - Ammonia is the

preferencial sonrce of N Ffor a large proportions of the
ruminal micrebial population {Bryant and Robinson, 1961)
and Incorporation of ammonia into ruminal bacteria has been

demonstrated {Mathison and Milligan, 1971), Lower
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concentration of ammonia in the rumen of animals Fed
S.cerevisiae (B) may reflect increased transportaticn of
ammonia dinto microbial protein. A4 high proportion of
microbial-N derived from ammania-N with the‘ yeast
supplemented vesels. as camé;%;eﬁ to the consprﬁl one,

support this suggestion (Carro er ali,., rsgz). Similar

results have Ibeen reported in vivo by Harrison et al.
(1988}, Newbold &t al. ({990) and Chademana and
Offer (1930) and in vitro by Dawson and Newman (1987)
suggested an improved microbial capture of ammonia
(Chademana and Offer, 1990). However, Adams et al. (1981},
Frikins. et al, (1990) and Mutsvangwa ég_ al. {7992} found
that yeast culture had po‘ significant effect on ruminal -
ammon ia but éﬁlla_given yeast culture tended to have lower

ruminal ammonia levels (Mutsvangwa et al., 7992).

5.2.7 Levels of microbial protein in the rumen:

Microbial protein level in rumen ligquor drawn before
feeding was non-sigpificantly different among the treatment
groups. The. 1gvel in treatment group TB was significantly
higher by 15.85, i3.68, 12.25, 12.93, 12,66 and 10.74
percent at 2, 4, 6, 8, 10 and 12h post feeding and in
treatment group T2 it was higher by 12,79, f4.2}, 5;6? and
5.37 percent at 2, 4, 10 and 12h post feediﬁé respectively

aver control group (T4). The observations revealed Lhat
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bprotein synthesis Jin the rumen but L.acidophilus alone did

not influence the microbial synthesis to any extent *hough
in combination with S.cerevisiae exhibited a stimulatory
effect. Similar responses were recorded by Harrisen et al.
(1988) and Weidmeler et al. (1587}, Williams et al. (718217)
found that presence of yeast culture ténded-to increase non-
ammonia nitrogen at the duodenum in sheep. Similarly
Weidmeier et al. (1987) Iindicated that supplementation of

yeast culture enhanced microbial protein synthesis for which

ammeonia-N available during fermentation was
Sy
effectively utilized. A lIowever level of ammonia-N and a

LT

higher microbial population support this conteptien (Carfro

t al., 1992),

5.2.8 Hicrobial population in the rumen content:

The microbial population was ncen-significantly higher

in I:.Il;."rgroups supplemented with S.cerevisiae (B} upto 48n
post feeding compared to contreol group, However,. after 6h
pest feeding the microbial population was significantly
higher by 59.64, 70.68, 83.82 and 73-.‘0?_percent- et 6, 8,
10 eand 12h of post feeding J.n treatment group 2"2 over
control group {T4}. Similarly after 8 to 12h pr}st féed_in.g'

microbial population was significantly higher by 1¢5.17,

732.35 and 130.76 percent at 8, 10 and 12h post feeding in

treatment group T3 over control group (qu. Even microbial
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population was significantly higher 1in ¢€reatment croup T
as compared to treatment group T2 after 10 to 12h post
feeding. The  present data clearly Indicated that
supplementation of S.cerevisiae . (B) with or without

L.acidophilus sigrificantly increased the <ruminal wmicrobial

population, The resule suggested that S.cerevisiaeg

increased the. population of fiber degrading bacteria and

their activity (Carro et @al1., [992). S.cerevisiae may

LI

provide Factors stimulatory‘ to rumen IEEJlulotyic bacteria

(Bryant, 1373; Dawson et al., 1990) and proteclytic bacteria

{Weidmeier et al., 11987; wWilliams, 19%0al). Feeding vyeast

culture ‘has increased number of cellulolytic rumen bacteria

(Hoyos et al., 1987; Weidmeier et al., 1987; Harrison et

al., 7?88; Dawson, 1990; Firkins et al., 1920) and this has
" been confirmed by present experiment. Specificai growth
factors (B vitam&ns’or branched chain fatty acids) exhibited
wiﬁh yeast culture have been reported ?o stimulate the
growth1 of certain types of rumen bacteria (Dawseon 19380;
Chedemana and COffer, 1290 ). This mechanism could also
exélain tine Ipcreased fiber degradability observed in our

experiment with S.cerevisiae 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 = feeding wase

non-significantly different among all treatment groups, 4t
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2h post feedinyg the lactic acid concentration was

significantly lower (by 41.78%) 1in the treatment group TB

over oantrol groap ﬁ;). Similarly treatment group T2 also
had a non-significantly Jlower (by 9.38%}) concentratien of
lactiec acid, At ¢h post feeding a nen-significantly lower
concentration level 'of lactic acid was maintained in

treatment groups T2 and TJ, except at 10 and 12h of post

feeding in treasatment group . T3 where lactic acid

concentration was slightly higher over control grup {T4).

In treatment group T’ a highest concentratjion of lactic acid
was observed at 2h post feeding compared to freatment groups

Tz and ?3. However, Jt was not significently higher over

control group {qu. It appe&rs that S.cerevisiae (8} with

or without L.acidophilus (I) significanrtly lowered the

concentration ©f lactic acid at peak hour (2h post feeding).

Lactic acid 1iIs not a substrate used by S.cerevisiae for

growth (FPanchal, 11884a}, therefore, the major reduction in
lactate concentration may resqlt from ithe use of lactate
precursor or stimulation aof lactate used by other
microorganisms. A similar peak in lactic acid cpncentration
was reported Iin cows fed starch based conéentrate_(ﬁalgstein
et al., 1881]. Their peak concentracion (6.5 mM/l} occurred
'h post feeding, followed hy a rapid declipe t§ a8 basge line
levels. Recent studies on sheep fed 2 mixed diet, have
shown & similar significant reduction in <ruminal lactate

concentratiornns when yeast culture was supplemented to the



729

diet (Newbold et al., 1990 ). Similar responses were also
recorded by other workers with a low ruminal pH (Williams,

1980» and Williams et al., 1890},

5.2.10 Flow rate of liguid digests:

A non-significant difference was observed among the
different treatment groupy with respect to flow rate of
ligquid digesgta. However, Flow rate was higher by 10.25,

8.86 and 9.23 percnt in treatment groups T T and T?,

3 2

respectively, compared to control group fT4). It seems that

supplementation of S.cerevisiae (B} and L.acidophiius (1I)
had a tendency to increase the .fiow-cf‘ liguid digesta but
not sigﬁificantly. The increased liguid dilution rate may
improve the efficiency of bactrial growth and flow of X -
Ilinked glucose polymer, total amino acids and total
microbial amino - acids to small intestine (Stouthamer and
Bettenhaussen, 1973; Harrison et al. 1975}, Similar
observations were made by Galyeén et al. (i1979), Rogers et al.
(1272}, Adams et al. (1387), Weidmier et al .(1987),
Harrison et al (7988) and HMalcolum and Kiesling, (1980},

#Harrison et al. (1988) reported that 1liguid dilution rate

was 0% higher in cows fed vyeast culture- as compared to

control although difference was non-significant.



Table 5.1

Percent dry martter disappearance of

periods and probiptic supplements.

substrate at

different hours of incubation

Incubation TREATMENT GROUPS
Period T T T T4
(a) Mogsured  Fitied fisasured | Fitted Measured T Fitfed Femsuzed T Fitced
a b o a ’
6 32.52 32.39 35.43 35.54. 37.46 37.571 32.14 32.02
0. 80 0. 84 10.30 #0. 48 0.5 10.55 40,79 $0.75
12 42.93°  43.27 45. 28" 45.22 27.37° 47.26 42.42°% 42,72
$0.95% +0.91 0. 39 +0. 48 *0.53 20.42 +0.87 20.82
a2 ab b a
24 5¢.71 54,44 55.93 55,99 57,28 57.92 54.57 54.31
20.64 +0.65 20.46 +0. 76 20,27 20.27 20.56 10,60
a b & a
48 60.86 60.97 63,50 63.43 - 64.63 64.60 67.41 61.50
+0,68 20.64 £0.61 +0.53 +0.29 +0.32 0,13 20,771
a,b,c, filgures with different superscripts in the same row differ gignificantly

(pfo.07)

T L.acidophilus (T); T

?I

21

Ty, Without supplement (Control).

S.cerevisiae (8); Tys

L.acidophilus (I) + S.cerevisiae {B);

ofd



Table 5.2 Percent crude Fibre disappearance of substrate at different hours of incubarion
periods and probiotic supplements.

Incubation TREATEMT GROUPS
Period '
T T e
th) L A A 3 Ta
Measured Fiteed Measured Fiprted Measured Fitted HMeasurad Fivted
a b ' b : a
& 20.55 20.53 23.70 22,90 23.88 23.85 20.09 20.113
47,37 7,27 7,07 7,02 20,52 $0.57 +0,93 C#0.90
72 23.90% 23,88 24.23%% 24,79 25.65° 25.68 23,562 23.84
+£1.29 £7.30 $7.03 +0.,%8 +7.26 27,05 £7,21 £1.28
a 2 a &
24 26.88 27.06 27.54 27,17 27.97 27.97 26. 65 26.74
21.60 +7.57 £1,00 +7.06 £71.29 27,46 x7.40 +7.3¢
& a a &
48 28.92 28.82 28.99 29,711 29.94 29.93 28,60 28.56
271,78 %7.82 - #7.35 1,32 *1.47 f.41 +7.06 #1.08

a,b,c, filgures with different superscripts im the same row differ sighificantly

(P/O.CY)
T,, é.acidophilds (r); T2, S.cerevisiae (B); Tj, L.acidophilus (I)+3. cerevisiae (8);
Td’ Without supplement (Control}.

£i



Table 5.3 Parameters iIn the equation of Orskov and Mc¢ Dponald {?9?9)? to describe the rate

of degradation ©of DM and fibre in diets supplemented with different probiotic
supplements.

Treatment Dry Matter Crude Fibre

groups & TETTTTTTT c T a : Tz p TTTTTTTTT o TTTITEETTEE P

T, 15,39 47.00 0.07582 43, 50 74.43 74.45 0.0837 23,80
£7.36 23,47 *0,006% >0, 67 7,95 £7.44 *0,.0177 21,42

T2 21,15 44, 317 0.0657 | 46, 20 20. 28 9,66 0.0535 25,20
£1,09 200,89 20,0052 0. 29 7,77 20,47 20Q. 0064 21,70

T3 22,74 43. 43 0.06483 47.97 27,29 9,32 0. 0484 26,13
20,73 20.72 20,0013 *0, 358 20,47 7. 39 22.0727 20,92

T4 715,65 47,58 0.0704 43.40 74.53 74.48 o.08r4 23.43
£7.30 7, 14 10.0056 20,46 20,50 20, 84 22,0759 20,99

i)
i

a+h {?véct), wharb‘PwPercent of DM/Fibre degraded after time t (h)});

the intercept of the degradation curve at time zero;

the potential degradabxlzty of the component of DM/fibre which will in time be degraded
the rate constant Ffor the degradation of the component with potential degradab;lity,
effective degradability at a flow race of 0.05 %/h.

it i

H b

[ o W < 1]

Ty, L.gcidophilus (I); Tz, S.cerevisiae (B); T,, L.acidophilus (I) + S.cerevisiae (B);

T

. Without supplement (Controll.

Ze¢
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Table 5.4 TVFA, individual VFA and acetate:propionate ratio
at different hours bost-feeding and Drobiotic

supplements,

Treat- h TVFA Acetate Propionate Butyrate Acetate
ment (mM/700mli) ——— —— - - Propicnate
groups fmM/100M ) ratig
(1) (2 (3 (2 (5) (63 (7)
0 8.77#0.32°  65.1° 20.4° 7.3% 3. 1972
2 17.33:0.30°  64.5° 22,1° 6.6 2.927
4 12,3240.29a  66.8° 21.1° 8,87 2,697
T, 6 14.37:0.347  62.1° 21. 7% 8.5% 2.86°
8 17.2040.45°  63.0% 20.8% 9. 7% 3.03
10 8.9820.16° 85,57 20.1% 7.5% 3.26°
12 s.1420.20°  £1.3° 9. 71% . 8.1 3.21°
Mean 107320, 84 64.7 20.8 et 3.02
£5.E. £0.75 . 20,38 10, 39 £0.08
0 9.5710.28% 65,4 21, % 5.7% 3.10%0
2 12.6710,32°°  66.4° 24.4° 6.0% 2,720
¢ 13.8620.33°  62.9° 24.7° 6.5% 2.61°
T, 6 15.6420.35%  63.87 23.3%¢ 6.0% 2. 74%
8 11.90t0.58  63.3° 22. 777 5.2% 2.79%%
10 9.88:0.287  67.5° 22,57 6.47 3.00%7
12 8.6320.117  66,0° 22.0°¢ 6.6° 3.00%
Mean 71.7320.96 65.1 22.5 6.1 2.85
15,E. 40.66 #0.44 20,19 20,07
0 9.4720.33  59.1% 20.3° 77.8° 2.91%
2 73.4120.35°° 60.7° 25. 1% 6.6% 2.42%
¢ 14.3720.210  57.9% 25.47 9, 3% 2, 28%
T, 6 16.5640.350  64.5° 24,8° 8.5% 2,60%
5 13.1620.30" 67,3 23.5" 8.3 2.67°
10 17.89:0.50°  63.8° 22.5" 6.3 2.86"
12 9.3920.07° 67,97 22.4° 5.8a 3.03%
Mean 12.6140.98 62.1 23.4 8.7 2.67
15.E. £7.30 0. 70 +0.,79 20,70

... .contd.
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Table 5.5 Ammonia-~N, Micrebial protein, microbial counts snd
lactic aclid concentration at differant houvrs
post-feeding and probiotic supplements.

Treat- Nours Ammonia=-N Microbial Microbial Lactic acid

ment protein countsa

group {mg/ 100ml) (mg/ 100ml) (x10") (mti/L)

{7} 72} t3) 4} {5} (6}

0 17.0420.22°  62.03.0° 7.620.927 0. 22:0.010%
2 16.4920.50C  75.5+3.5° 8.4£7.03% 0.2720.010%
4 19.4410.30°  95,024.0% 17.027.09% 0.9720.0053
r, 6 74.3120.37°  102.043.0° r7.821, 18° 0. 4620.010°
8 12.7920.30°  108.023.0% 12,210, 44> 0.3310.010°
10 11.7420.23° 110.025.0° 15.041. 47" 0. 28£0.005°
12 71,2420, 1% 174.523.5% 76.421.02% 0.2720.005%
MeaniS.E. 13.8621. 18 95.29%57.4 11.821.21 0.6820.027
o 17.3220.30%  82.0:3.0" 17.040. 777 0.3710.0057
2 15.5620.38°  92.0¢7.0° 70,610,877 7. 9340, 002
P 18.3920.26° . 108.529.57 73.6%7.44° 0.81720.070%
T, 6 73.6920. 270 108.03.0%7  18.2¢7. 160 0.370.020%
g 12.6220. 157 174.523.5°% 19,827, 160 0. 3040, 005°
be b
70 77.7420,08°C 121.0£3.0 25,027, 48 0.2820.010°
72 77.1620. 202" 127,523.57C  27.0:0.94b 0.2820.005°
Heants.E. 73,50:1.00  104,7928.3 17.922. 47 0.6720.033
0 10.89+0. 33"  68,5+3.5% 9.0£1.00% 0. 284¢ . 0052
2 73.9240.27%  95,0£4.0° 11.620. 9% 7.2440.030%
y; 16.3820.42°  108.0+3.0° 74.8+7.07% 0. 84+0. 005"
r 5 12.7520.252  714.523.5° 17.020.89° 0.40:0.005>
8 11.9320.21°  121.023.0° 23,812 48" 0.3320.000°
10 17.3610.22%  129.0%5.0° 37.657.69° 0. 30:0.0052
12 70.7420.75%  134,0:3.0° 36.024.03° 0.29:0.000°
Heants.E. 72.57£0.76  110.0%8.5 20.5%3.87 0.52:0.014

.« Contd.
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e Coned. ., Table 5.5
f?) t2) f3) fd) {s5) {6}
b . a - P
o 11.6740. 16 68.5£32.5 8.2t7.16 0.2720.010
2 16. 1720, 46° 82.028.0°7 8.610.67° 2. 13:0.030°°
4 r9. 2820, 42° 95.0%4.0% G.827.32° 0. 8720.020%
7, 6 14.2320. 46°C 102.043.0° 11.427.60% 0.5120.010°%
8 12.79%0. 237 108.023, 0% 17.6+7.81° 0.3320.020%
70 12.09%0. 205 774.523. 527 13.641.83° 0. 2910.005%
72 17,5320, 227 721.0%3.0%7 15.647.60° 0.2820.0052
Meanis.E. 13.9747.08 98.7157.0 77.321.07 0.6720.026
a,b,c, Ffigures with different superscripts at similar

T?,

T3,

L.
L.

hours in a column differ significantly (P 0.07?).

acidophilus (I}; T

2f

S.cerevisiae (Bj};

acidophilus (I) + S.cerevisiae (8);

T4, Without supplement (Control).



Table 5.6

Rumen fluid volume and flow rate of liguid digesta
probhtotic supplements.

on different

Treatment PARAMETERS
groups
Body weights "Ruwmen riuid Rumen fluid Flow rate
of animals volume volume as of liguid
percentage digasta
of bhody
weight
{Kgl {Lit.) ) (%} fLit./day)
a 4 . a a
T? 3716,6716. 39 30. 2522, 389 9,53+G.57 57.00+£3.79
7, 296.00%3, 46% 25.9720,73% 8.7520. 17° 5¢.8327, 2%
a a a a
T3 307.6725.04 26,6720.47 8.8420.04 57.48%7.76.
7, 297, 3325, 21% 25.7620.85" 8.4620, 162 46.69+3.852

a,b,c, figures with different superscripts in the same row differ significantly (P/0.07)

T,, L.acidophilus (LJ; T, S.cerevigsige (B); T

Td’

3!

Without supplement {Control),

L.acidophilus (1) + S.cerevisiae (B);

LEd



Table 5.7

Statistical

M55 d.FfF. 4S5
DM oM TVFA NH3—N
Between hours 3 1854.38 127.34 & 272.67 254.24
‘Between treatments 3 48,86%* 11.06* 3 31.69%+ 25, 1o%
Error 41 1.02 3.98 242 0.63 17.30
d.f. M55 d.f. M55
Acetate Prop. Buty. Acetate:Prop | M.Protein Lactic Acid
'ﬁetween hours & 77.471~ 10.923 8.29 0.14 6 zsr. 4 2.79
Between treatments 3 33.43 4,78% 7.50 0.23% 3 584,92# 0.07%*
Error 18 8. 46 "0.52 2.18 a.0? 46 28.69 0.02
a.r. M55 d.f M55
Rumen fluid Vel. Flow rate Microbial counts
Between hours 2 5.35 370, 49 & 603,27
" Between Treatments 3 75.23 74.8 3 682.77%
- Brror 6 5.38° 8.8 130 27,29

*

Significant at 5% level.

geld
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PHASE - IXT

6. CGrowth rate 'nutrient utilisation and feed conversion

efficiency on various probiotic supplements

6.7 RESULTS

Earlier chservations on in vitrog and in vivo

experiments revealed that supplementation of a mixed culture

of S.cerevisiae (B) with L.acidophilus (I) proved better
compared to other treatments. Therefore two.growth trials
,were conducted, one on pre-ruminant and the other on post-

ruminant calves supplementing the above mixed .culture, With
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pre~ruminant calves {§ week old} a gGrowth trial of 98 days
duration was conducted on 20 animals, divided into two
groups of ten animals in esch group. Ancther growth trials
was conducted on other 20 post-ruminant calves, divided irnto
two groups of ten animals in each group, for a perieod of
238 days, & metalbolic trial was conducted on &all 20 animals
in the post-ruminant group towards the end of growth trials.
The resulits of this study are presented in ensuing

paragraphs,

6.1.1 Effect of supplementation on live weight gain in

pre-ruminant calvesg :

The data on live welight gain iﬁ'pre—ruminant growing
calves is presented in Table 6.1 (Fié 6.1). Rhile fﬁe
initial body weights were similar between groups, the body
weight after 98 days of experimental feeding were 67.1 and
76.7 ky in control and supplemented groups respectively.
The total body welight gain in 98 days was lower iIn contrecl
group {36.9 kg) than the supplemented graup (45.6.kg). The
average daily body weight gain (g) was 376.53 aﬁd 466, 21
in control and supplemented groups respectively. After
discontinuation of culture Sugplément average final body
weight f{after 98 days} alsoc appeared higher'in supplemented
group (775,22 kg) in comparison to control group (7105.% kgJ.

However, the total gain in body weight . durirg



Fig. 6.1 : BODY WEIGHT GAIN IN PRE-
RUMINANT CALVES WITH AND WITHOUT
PROBIOTIC SUPPLEMENT
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post-ssupplementation locked more or less similar in both
groups. The average déily bhody weight gain Was
compératively higher in supplemented group (3%5.%2 gr/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 supplementacion itre

rate of growth slowed down.

6.1.2 Effect of supplementation on incidence of diarrhoea

in the pre-runinant ealves

fn general the occurreace of diarrhvoea, expected to
be higher in pre—-ruminant calves.. Pherefocre, the cal?es
were Ingspected daily and cases of diérrhoea were recorded
in both ‘groups. It was observed thaé calves remsined ih
diarrhoea For 5.9 days in control and 3.8 gags in
supplemented group (Table 6.17)}. Incidencg of dijarrhces
seems. to be less proncunced in culture supplemented group
compared to control group, However, supplementation d¢ not

have a complete check on diarrhoea.

6.1.3 Feed Conversion efficiency and feed cost

per unit gain in pre—-ruminant calves

The total DM intake through feed during 98 days was
68.26 ky iIn control and 74.47 kg in culture supplemented
group (Table 6.2). The average DM canSumptioﬁ- per kg of
livé weight gain appears to be lower in culture supplemented

group (1,72 Vs 2.08 kg}) as compared to control group.
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Similarly, feed ceost rer kg of live weight gain was
considerabkly less in group supplemented with culture (Rs.

49.60 Vs 67.00) in comparisocn to contrel group.

6.7.4 EBffect of suppliementation on live weight gain

in post-ruminant calves

Average 1live body weight of post-ruminant calves
taken fortnightly presented in Table 6.3 (Fig. 6.2). The
mean initial body weight of calves on control group was 52.8%
kg and on culture suppleménted groué 83.1 kg. All the
calves gained body weight during the experihental period
and attained the average body weight.of 208.0 and 225.0 &g
on respective treatment at the end of growth_ trial (238
days). Total ﬁadg weight gain during the 238 days of
feed:ing triai- was higher in supplemented group (141.% kg)
over. contfol group (125,1 kgl representing 596.!9  g daily
weight gain in supplemented greup compared te 525.63 ¢ Iin

control group.

6.1.5 Effect of _supplementation on feed conversicn

erficiency and feed cost per unit gain in post-—-

ruminant calves

Table 6.4 presents the efficiencies of- feed
conversion towards live weight gain In post-rumipnant calves
fed with and without supplementation of culture. The average

total DM intake during the 238 days of feeding trial were



Fig. 6.2 : BODY WEIGHT GAIN IN POST-
RUMINANT CALVES WITH AND WITHOUT
PROBIOTIC SUPPLEMENT
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809.16 and 860.43 kg in c¢ontrol! and supplemented groups
respectively. Kowever, feed consumed per kg of live body
weight gain was Jlower in culture suplemented group (6.117
kg) Vs control group (6.55 kgl. Total feed cost during
rfeeding trial was high in the culture supplemented group
(Rs. 4173.75%5}) over control group (Rs 3%12.94). Whereas feed
cost per kg of live body weight gain was Es 37.48 in control

-

and Rs 29.60 jin the culture supplemented group.

6.1.6 Chemical composition of feeds and residues:

Tahle 6.5 provides information an the percent
chemical constituents of green. fodder {Bersecem) and

concentrate offered and resiuve left during metabolic trial.

6.1.7 FEffect of supplementatibn on feed intake by

post—-ruminant calves during metabolic trial

The data showing average body weights, and DM intake
from concentrate and Fodder has heen displayed in Table 6.6.
The fotai DM intake was higher in group supplemented with
culiture (5.42 kg/d) as compared toe control greup (4.20
kg/d}. The DM intake per 100 kg body weight was Incidently
0.75

similar in both groups. However, DM intake per kg W was

lower Ffor control group (705,26 kgl over subplemented group.

6.?.8 Bffect of supplementation on digestibility

coefficients of feed constitueats

perusal af Table 6.7 (Fig 6. 3) indicated that

digestibility of DM, OM, CP, CF, NFE, NDF & ADPF appeared to
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Fig, 6.3 : DIGESTIBILITY COEFFICIENTS OF
NUTRIENTS IN POST-RUMINANT CALVES WITH

AND WITHOUT PROBIOTIC SUPPLEMENT
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be higher in the group of animals supplemented with culetvrs
than those of control group. However, digestibility of ==
was slightly lower in culture supplemented group ({(866.73%,
over conftrol §(67.73%}, Digestibility coefficient of &°7F
Was almost similar in group suppiemented with cultuers

(50.57%) aond control group (50.06%)}.

6.7.9 Effect of supplementatiop on nutrient intake in

post-ruminant calves during metaboljic trial

1]
vl
Tl

Table 6.8 shows the data on intake of differ
nutrients of ¢/k¢ r-.’G' 755;35( kg/day /100 kg body weight in bherkh
groups. Fotal Intake of CP (g/day) was 649.54 and 6&88.&%2
in contrel and culture supplemented _groups respectively.
The CP intake per 100 kg body weight was similar in control
groug (362.771 g/day} and suppiemented groupg {{372.3% g/day/.
The CP intake per‘kg of metabeolic body size was also not
different in the supplemented group compared to ‘contrcj
groeup (713.73 Vs 13.83 g/davy). DCP inteke was higher iIn

group supplemented with culture over control group (463,37

Vs 432.45 g/day)- However, .DCP Intake per 100 kg bodv
weight was 259.03 and 255.79 g/day in control and
supplemented groups respectively. Whereas DCP intake per

kg of metabolic beody size was 9.23¢g/d in supplemented group

and 9.37 g/day in contreol group. TDN intake was 2.7! and
2.90 kg/day in control and supplemented groups,
respectively. Howevey, TDN intake per 100 kg body weight

wagy V.54 Vs 1.62 kg for supplemented and control group.
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Similarly TDN intake per kg metabolic body size was slightly
lower in supplemented group (57.45 g¢g/day) than those of

control group (58.718 g/day).

6.1.10 Effect of supplementation on nitrogén balance:

The average nitrogen intake (g/day) was 103.78 and
110.22 in control and supplemented groups, respectively
{Table 6.9}, Nitrogen excreted in dung appears to hbe higher
in supplemented group over control (36.09 Vs 34,27 g/dav/.
However, N excreted in dung as percentage of nltrogen intéic
was higher in control (33.06%) compared to supplementss
group (32.71%]). N excreted in wrine was 43.70 and 43.51 =%
per day in control and supplemented 'group, respect;vely.
However,!N excreted in wrine - as pércenf of nitrogen intaxs
was 41.9{ an& 32.39 in control | and supplemented «group,
respectively. The efficiency of N-retained as per cent cof
¥ intake was higher In supplemented group (27.892%) over
control group (25.49%).- Similarly N-retained as per&en:
of Nwabsorbed was higher in supplemented growp (46.01%) oaver
control (43.34%). From the data it aépears that efficiencg
of{ﬁtrogen retention from feed and absorbed nitrogen wdaE

higher in calves fed culture supplemented feed.

6.2 DISCUSSION

6.2.1 Brfect of supplementation on live Dbody weight gain

in pre=-ruminant calves :

Initial body welight in.bqtb groups were statistically

similar (P/LO.05). However, at 98 day the bedy weight of



calves was significantly higher (by 14.31! percent) in
treatment ogroup supplemented with mixed cultuere (76.7 kg)
compared to control group (67.1 kgi. The total body welight
gain during S8 days of supplementation in mixed culture
supplemented group (45.6 kg} was significantly higher by
23.58 per cent over control group (36.% kgl Similarly
average daily body weight gain In culture supplemented group
(466.21¢9g J was significantzy higher by 23.81 percent
compared to contrel group (376.53 gl. After discontinuation
of supplementation Ffinal body weight (7115.3 Vs 105.92 kol
and total body weight gain (38.8 Vs 38.3 kgl were similer
in both the groups. It clearly iﬁdicates that supplement
significapntly fncreased growth rate of calves. At the same
time when supplement js withdrawn growth slowed down to 3

normal level comparable to control. Similar results have

o+

£,

been observed in young growing calves (Fallon aeand Har

Tk

1987 and Hughes, 713288}, In hoth series of experiments veszs

LS

culture was included in the «calf starter ration &zt
kg/tonne which significantly inczeased the Ilive weight gein
as a result of proportional increase in feed intake and
digestibility. Similarly in the presaent experiﬁent also =2
higher oM Intake {Table 6.2) Wda s notfced in culture
supplemented group (74.47 Vs 68.20 kgl. This indicatas that

additional npnutrient came Ffrom improved intake and might also

from improved digestibility of Feed, as the DM intake
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(Table 6.2) in supplemented group was lower (1.72 Vs 2.062

kg/kg gain in body weight),

6.2.2 Effect of supplementation on incidence

of diarrhoea in pre-ruminant calves

The average days of diarrhoea per animal during 28
days wasg .significantly lower by 35.59 per cent in
supplemented group (3.8 days) compared to. cont;ol group (5.9
days}/. Further in culture supplemented group only 6 animals
suffered from diarrhoea, however, in control group all the
10 animals suffered. Phe result of-ﬁhe present study are
consistent with the findings of Guo et al. (19906). They useid

Chinese, Russian and Japanese strains of lactic acid

s1
T
v
)

bacteria and found symptoms of diarrhoea disappeared

a cure rate of 95.81 per cent. Similar. findings were alsc

o
)]

oﬁserved by Kimura (1984}, Bonaldi et al. (1986)], Xopencu
{1888} and Steven and Johnston (1988). Phey found thaf whe;
selected strains of 1lactic acid bacteria incliuded iﬁ tha
diet, the vcalves had npo digestive disturbance _with regard
te diarrhoea. As earlier reported by Bechman et al. (797?)

a low incidence of diarrhoea was due to attachment of lactic

aclid bacteria on Intestinal epithelial! with & removal of

pathegenic microorganism. Gilliland et al. (1972) showsd
that feeding humans unfermented milk containing cells of

L.acidophilus caused significant increase in  the numkers

of lactobacilli in their faeces. In a similar type of study

in which unfermented whole milk containing cells of
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L.acidophilus was fed to young vcalves, Ellinger gt al.

{1978) observed decrease Jfn number ¢f coliform bacteria in
their rfaeces. It rconcluded from the present study that
lactic acid bacteria with S.cerevisise had a significant

check on diarrhoea. KFowever, further research need to carry

out to select the straine to completely check the diarrhoea.

6.2.3. Biffect of supplementation on_feed conversion

efficiency and fed cost per upit gain in

pre—-rumipant calves:

The statistical analysis of data (£/ 005 on b
intake during 98 days culture supplémeh\"tation significantly
improved the DM irntake by 9.17 per cent In supplemented,
group {74.41 kgl} compared to céntrol (68,20 kg). However,
the DM intake per ky of Ilive weight gain was significantly

lower by 17.31 per c¢ent in supplemented group {1.72 Vs 2.C%

kg ). This dindicated that culture supplement in the
pre=-ruminant calf increased the effir:iency‘ of feed
utilization. Similarly total feed cuast and feed cust per

kg gain in beody welight were significantiy lIowered by 9.43
-and 33.54 per cent respectively compared to controld
treatment, In several studies i_t has been found that yeast
culture supplement significantly increased the feed- .intéke
in vcalves (Bonaldi et al., 7986; Fallon and Harte, 1987 ;
Hughes, 1988}, Steers (Adams et al., 1381), lactating cow
{Malcolum and Kiesling, 1986; Quinovnez et al, 1988, 1989;

Williams 1990a; Williams et al., #891; Wohlt et al., 71887/}
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end in bulls (Drennan, 1990}. This additional DM intaks
by calves provided extra energy for a higher growth rate
as observed in the present experiment.

Bhoi (1992) reported that supplementation of sirains
of yeast and lactic acid bkacteria significantly Iincressed
the feed conversion efficiency in the kids. Similarly,
Steven and Johnston {§988)} also recerded 8 percent advantage
in deily wéight gain and & percent advantage in feed
efficiency when only lactic acid bacterial culdture was added

inthe diet of calves.

6.2.4 Effect of supplementation on live body weight

gain im post—ruminant calves

The' initial body weight in the -both groups bedng
similar, the body weight after 238 days of growth period
were signi-ficantly higher by 8.77 percent (225 Vs 208 kg)
in group supplemented with mixed culture of §.cérevisiae

(8} + L.acidophiius (I}) as compared to control group.

Similarly total 1live body weight gain in supplemented group
was significently higher by 13.43 percent [(141.90 Vs-?Zﬂ.FCKg)
over copntrol group. The average daily live body welight gain
in s&ppleﬁented group o©of calves was significantly higher
by 13.42 per cent over control group calves,

The results of the present study corroborated to

reports obktained with supplementation of S.cerevisiae and
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lactic acid bacterie by Bonaldi et al. {1986), Kopecny gt
al. (1989}, Vuetic et al. (7989) and Liberse (71891} in
calves. However, Phillips and Vontungeln {(71285), Quinonez
et al. (1989), and Mutsvangwa et al. (1992} did not find
positive response with supplementation of S.cerevisiae and
iactic acid bacteria 4in the yowng and adult cattle. This
lack of responses might be due to the differences of strains
and gualifty of culture used In ithe present experiment. 7The

supplementation of  same streins ( (S cereyvisiae (B} *

L.acidophilus f(I)}as used in the present study has also

resulted to improve the body welight galipn slignificantly in

kids (Bhoi, 1992)}.

érowth is dinfluenced by different factors such"as
nutritional, hormonal, blochemical or genetical. Since
there Is no reason to suggest that culture supplementation
stimulates hormone profiles in ¢the body (Williams, 19903/,
the influence of 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
sdpportive factor for increased growth Trate. There may be
an Iincregse in the metaholisability of digesta absorbed

from £he rumen or change in rate of pasage of the digesta.
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6.2.5 Effect of supplementation on feed conversion

efficiency and feed cosi per unit gain in post-

ruminant calves

Feed galn ratio Iis one of the limportant nuatritional
parameter to evaluate the effect of culture supplemeéﬁ in
the diet of growing calves. The efficiéncg of Ffeed
supplement Ffor growth in . cvalves is discussed hereunder.

Feed conversion efficviency on live body ‘weiqbt gain
in both groups is given in Table 6.4, Animals supplemented

with mixed culture of S.cerevisiae (B) and L.acidophilus

L} consumed significantly highef DM by €.34 percent
{860.43 Vs B09.16 kgl. However, the consumption of DB& per
kg of live body weight was siénificantly lowar by 6.72 per
cent (E&.1} Vs 6.55 kg/ky body wedight gain}. During trial

total feed ~cost was significantly higher by 5.65 pe; cent
fRs 4?73;?5 Vs 3912.94). Feed cost per kg body weight gainm
was lowered by 5.87 percent (Rs 29.60 Vs 3I1. 48} In group
supplemented with mixed culture.

An improved D¥ Intake was observed in post-ruminant
on cultvre supplement in the present study. Similarly Adams
et al (1981}, Phillips and Vontungeln (1985); Bonaldi et
al. r(1986), Malcdlu'm apd Kiesling (1985), Fa;l:m and Harte
(1987}, Hughes (1988) Williams et al. (1991}, Wohlt et al.
(1991) and Mutsvangwa et al (1992} found s« higher DN intake

with suppiementation of peast culture.
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In accordance to the present study Bonaldi gt al.
{1986) reported that when DM intake calculated in terms of
DM consumed per kg of live body weight gain, it was Iower

in group suplemented with S.cerevisiae and L.acidophilus.

More recently Drennon (1980Q) reported improvements

in 1live weight gain, feed conversion efficiency and DM

intake when yeast culture containing S.cgrevisiae was
included in the diet of bulls over a 205 day trial period.
Similarly, Bhei (1932} reported a higher Ffeed conversion

efficiency In kids, where same strains of S.gcerevisiae and

L.acidophilus were supplemented ' in the diet. However,

Quinonez et al., (198%) did not fi&d any response in DM
intake in HF caives. But tbey also did not find any effect
on body weight gain in the calves., This may be the éffect
of supplement of different gstrains of microbial culture used
in his study.

Based on tbe over all ¢treatment means in Table 6.4
after accounting for maintenance reguirement of calves given
culture, required an extra energy for a higher live body
we;ght gain. The additional DM intake provided extrae energy
for calves given culture. No other physiologicai effects
nceed to be proposed to explain the effccts o% culture.

The Increase in Volunfary feed intake by calves
getting culture supplement in their Ffeed may be ;elated to

plii modulation via reduction in lactic acid concentration
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{Wwilliams, 19%0al}, Williams et al. (19%271)] reported that
low ruminal pH Ffrom diets high in rapidly fermentable starch
fed to young calves was a factor limiting appetite and that
low pH was related t¢ high levels of lactic acid in the
developing rumen [Frost and Nevison, 171982). But in present
study the level of concentrate was not high since calves
were fed forage and concentrate in & ratio of 60:40. In viveo
results also supported that lactic acid conceptration was
within a normal range.

It is clear from the results that the addition of

the ration of calves stimulated higher DH¥ intake and rumen
fermentaticn with a bigher concentraton of propionate and

TVFA, along with enhancing the feed conversion efficiency.

6.2.6 Chemical composition of feeds and residues:

In the present study level of nutrition was not
changed in both groups, even with regard toe source of feed
stuffs, During metabolism trial the calves of ﬁoth the
groups were o¢ffered green fodder ({Berseem) and concepntrace.
CF content of berseem was comparatively higher due to ithe
late cut. The proximate constituents of beréeem were well
within the range reported by Sen and Ray (797171/. The
concentrate mixture was adeguate in protein,  and energy
contents. Resjidue collected in the morning was mainly from

Fodder.



6.2.7 Effect of supplementation on feed_intake by

post—ruminant calves during metabolic trial:

The average body weights of calves at the start of
metabolic trial were significantly ‘ higher in culture
supplemented group since the calves In this group grew
significantly due to treatment effect. puring the period
of metabolic frial the calves on culture supplement group
again exhibited the higher gain in body weight. buring
metabolic trial DM intake throwugh conceantrate was similar
In both groups. Howevear, DM dintake through green fodder
{Berseem) was significantly highef in culture suprplemented
group, thus total DM intake was also . significantly higher
in the same treatment group. bM intakes per 100 kg bedy
weight and per Kg metabolic body size were. not statistically
different in both groups. The calves in supplemented group
were hea?ier therefore, physiologically DM intake was also
higher.

The performance response can be explained by the
increased nutrient supply resulting fFfrom Iincreased intake.
Yeast culture has been shown to-jmprove nutrient supply to
the animal at a fixed intake (Williams et al., 1990b), but
in farm trials its effects on intake appears to be the.most
important cause of improved performance. The stimulatory
effects of culture on fiber digestion provide an immediate

explanation of increased Iintake.
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6.2.8 Bffect of supplementation on digestibility

coafficients of feed constituents:

Results of digestibility of feed constituents are

presented in Table 6.6.

6.2.8.1 DM digestibility :

Dif diéestibility in control and culture supplemented
groups were 55.54 and 57.58 percent, respectively. The D4
digestibility was significantly higher (3.67%) in calves
of group supplemented with mixed culture in the disr., DM
digestibility results of the present study is In acccrdance
with response obser?ed by Bhol (?992) with supplenentation

-

of mixed culture of strains of S.cerevisize ard

L.acidophilus in the kids. Other workers also found a

higher DM digestibility with supplemenptation of yeast cultere
in steers {(Williams et al., 1991} and in bulls (Mutsvangwa

et al., regz2), Supplementation of probliotic in the Fform

of mixed culture of S.cerevisiae (B} and L.acidophilus (I},
seems. Fo. Iinprove rumen environment which enhancead DM
digestibility. The stimulatory effects of culture con e

digestion provide an explanation of increased Iintake noticed

in present experiment.

6.2.8.2 OM digestibility :

Digestibility of OM in control and supplemented group
were. 67.35 and 65.19 percent, respectively. oM
digestibjility was significantly enhanced (6.26%) Ly the

supplementation of culture.
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6.2.8.3 CP pigestibility :

Digestibility of CP in contrel and supplemented
groups were 66.72 and 67.29 per cent, respectively. cP
digestibility was slightiy higher in supplemented group but
varjations observed were non-significant. Similar results
have bLeen reported by Le Gendre et al. (1957); Adams et
1., (1981); Arambel and Kent (1988) and Mutsvangwa et al.,

(19%2). However, Weideier et al., (1987) and Wohlt et al.
{1991) found that supplementation of vyeast culture Iimproved
the CP digestibility when ipcluded in the diet o©of ruminant.
They reported geast cuiture provided some factors
stimulatorg towards proteeolytic bacteria. But - in the

present experiments presence of any stimulatory ractors

were not noticed.

6.2,8.4 CF Pigestibility:

Digestibility of CF in <contreli and suvpplemcsnted
groups were 66.64 and 68.03 per cent respectively, CF
digestibility tended to be higher in supplemented grour but

without showing any significant effect. lHowever, Bhoi (7992}

found in kids that supplementation of  mixed culture
containing same strains of S.cerevisiae {5} and
L.acidophilus (1) significantly improved the cF
éigestibiiity, Whereas supplementation of alone

S.cerevisiaes. (B) did not Iimprove the CF digegtibility.
Contrary to the results of present experiment,
supplementation of yeast culture also reported E£o improve
digestibility of cellultse (Wohlt gt al., 1931}  and

hemicellulose {Weidmeier et al., 1387},
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Jung and VYarel (1987) noted that increase iIn the
number ef c¢elluleolytic bacteria did not correspond to
increase in digestion of cell wall, cellulose or
hemicellulose. Similarly, Firkins et al. (71980 also did
not find any response in hemicellulose &igestibilitg by
supplementation of yeast culture. These Ffactors might Ibe
responsible for not showing improvement in Fiber

digestibility in the presept experiment.

6.2.8.5 EE Digestibility :

bigestibility of EFE was similar in both groups. The

resvlts of the present study with regard to digestibility

n

tat

of EE are at par with results obtainéd by Bhoi (1952)
the kids. Culture supplement did not show any effect on
perrformance ~or proliferation of 1lipolyrtic bacteria and no

such repcort is available in earlier literature.

6.2.8.6 NFE Digestibility

Digestibility of NFE iIn control and supplemented
groups were 56.77 and 58.14 percent respectively which are
statistically non-significant. Bhoi (71992} also repoerted

that inclusion of S.cerevisiae (B} and L.acidophilus (I)

either iIn combination or Ipndividually not produced any
significant response when Iincluded in the diet of kids.
The digesticon of NFE is neither checked por enhanced in the

prsent study.
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5.2.8.7 NDF Digestibility:

Digestibility of NPF In control and supplemented
groups were 54.59 and 56. 712 percent respectively. However,
the difference betweecen both groups was staetistically noa-
significant. Harrison {1987}; Arambel apd Xent {(78881};
Firkins gt al. (1980)}; Wohlt et al .{7997) and MHNuitsvangwa
et ail. (1992) also reported that supplementation ©f yeast
culture had no effect on digestibility -of NDF. This
statement confirms the present findings under this project.
However, in contrary to present resuwlts Bhol (1992} found
that supplementation of S.cerevisiage (U} with or without

Q.acidophjlés {r) improved the digestibility of NDF in the

kids. This might be due to differences In thHe species of
animals and their feeding reglilmes. The results of the
present experimpents concluded that a nmixed culture of

S.cerevisiae (B} with L.acidophilus (I} had no effect on

the digestibility of calves fed under 60: 40 forage

roncentrate ratic.

6.2.8.8 ADF Digestibility

Digestibility of ADF in the contrel and 'supplemented'
groups were S50.06 and 50.57 percent respectively.' The
difference between both groups was non-significant. Earlier
workers (Adams et at., 1281; Harrison, 1987b; Weidmeier et
al., 11987; Arambel and Kent, 11988; Firkins et al.. 1990:

and Wohlt et al. 1997} also did not find any response of



yeast culture to enhance ADF digestibility which confirms

the results of the present study. However, Bhoi {1993}

-

reported that In goats supplementation of S.cerevisiae (&)

alone or in cembination with L.,acidophilus (I} Increaszed

the ADF digestibility due to Improved buffering action or
altered rumen environment.‘aut such type of response is not
encountered in the present investigation with calves.

In the present experiment, the presence of yeast
culture in the rumen had effects on rumen stoichicmetry and
increased rate of DM degradatiocon which resulted_in increased
forage intake and growth of animals. Wi%liams et al. (1930)
found that presence o©of yeast culture tended to increase the -
bM flow in duwodenum and absorption from small intestine in
sheep. It is particularlily important with diets where
physical limitations on rumen £fill may restrict the amount
of material entering the rumen. The accepted conceptuyal
model for the effect on intake assumes a maximum capacity
of the reticulo-rumen for digesta volume. The animal eats
forage uwuntii this is achieved, after which further jintake
depends on the creation of space in the rumen as & result

of the outfiow. This in turn depends onr rate of reducticn

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 as percent of intake and abscorbed were celculated
and Ffound statistically similar in both groups. But again
a higher tendency of’nitrogen retention was observed in the
culture supplemented group. Barlier studies also indicated
that supplementation of cultures Ipcreased the nitrogen
ratentions in the kids (Bheoi, 1892) and in buffalo rcalves
{Bakshi and Langer {19%a}. This might be due to ircressed
absorption of protein from the small intestine, which was
slightly higher in the present study but did not reach o
& statistically significant level. rWiJliam et alt. (i850)
also found that addition of yeas.t culture :‘n‘ sheep
3ignificantl§ increased the absorption of non-ammonis
nitrogen from small Intestine, Erasmus {1991} conducted
his experiment on lactating HF cows with yeas:t culturse
supplementation. He reported that cows given yesast cunlture
showed non-ammonia-N and flow rate |higher over centrel
mainly due to Iincreased microbial-N rlow. Microbial-N was
56 and 47 percent of N-intake on yeast culture and control.
Amineo acid cencentration of ducdenal digesta in cows on
yeast culture was significantly high.er for ;:hreonine, serine
cystine and methionine, and lower for gluta:ﬁic.'acic’ compared
to control group. These contentions support present finding

where nitrogen retention was Ffound high on mixed vculture

{S.cerevigsiae (B} and L.acidophilus (I) supplementatjion.]
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lowever, other "workers reported faecal and wrinary
nitrogen losses and nitrogen retentiocn were uneffected by
the addition of yeast culture (Le Greidre et al., 1257;
Adams et al., 198171; Wohit et al., 1997 and Mutsvangwa et
al., 1992, This might be due to differences in gquality of

protein present in the diet.
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Table 6.1 Body weight gain and incidence of diarrehoea in
pre-ruminant calves kept on with or without

probiotic supplemént.

Parameters Control Probiotic Statistical
group supple~ ohserva~
mented tions
group
Initial body weight {Kgf 30, 247,80 3 727,53 e
Final body weight (Kg) 67.124.82 76.743. 76 i)

{98 day trial)
during supplementation

Total gain in body welght 36.9+:4,.43 45.64+3,65 3

{Kg}
during supplementation

[£}]

Average daily body 376.53+45. 27 466, 2723707
weight gain (g/d)
during supplementation

Average days in 5.917.66 3.810.93 s
diarrehoea
Final body weight (Kg) at 105,924, 74 715.324.72 35

98 day post supplmenetation

Total gain Iin 38,3+7.20 38.8+1.04 )
body weight {Kg) at
98 day post supplementation

Average daily 280,82172.27 395.82:£10.63 43
body weight gain (g/d)
during post supplementation

Each value is the average of |0 obgervations (F/0.05).



rable 6.2 Feed conversion efficiency and feed cost per
unit gain in pre-ruminant calves kept on with
or without probiotic supplement.

Parameters Control Probiotic Statistical
group suppie- chgerva-
mented tions
group
Total DM intake (kg 8. 20 74,41 3
{98 days trial} +2. 75 2. 78

during supplementation

Total gain in 36.90 45.60 s
body weight fkg) 4. 43 23,63
DM intake per 2.08 172 5
kg gain iIn body *0, 26 g 13

Wweight (Kg)

Total feed cost (Rs} 942,03 2144, 19 5

+96.78 174.67
Feed cost {Rs} per Kg 61.00 49,60 s
gain in hody weight +8.33 3,84

Bach value Is the average of 10 observations (P/0.05],



Table 6.3 Body weight gain in post-ruminant calves kept on

with or

without probiotic supplement,

Parameters Control Probiotic Statistical
group suppie- observa-
mented tions
group
Initial body weight 82.90 83,10 NS
F&g} +7.38 £3.03
Final body weight 208.00 225,00 5
fKgi *3.49 +3.68
(238 days trial)
Total gain in 725,10 741,90 5
body welight £3.69 +4.50
(kg)
Average daily 525.63 586. 1% 5
body weight gain +75.50 +718.22

fg/d)

Bach value is the average of 10 observations (P/0.05),

[
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Tabhle C.4 Feed conversion efficiency and feed cost per unit
gain in post-ruminant calves kept on with
or without probbicotic supplement.

Parameters Controel Probiotic Statistical
groug supple- observa-

mented tions
group

Total DM intake (Kg) 80%5.16 860. 43 5

{238 days triall 8,87 t74, 10

Total gain in 725.10 141.90 S

body weight (Kgl +3.89 +4.50

DM consumed (Kg) 6.55% 6,11 s

per kg body welght 2. 78 0. 20

gain

Total Faed cost 3912.94 4173.15 5

{Rz) t44.88 x48.58

Feed cost (Rs) 37.48 29.60 5

per kuy 10.86 22,95

body weight galn

Each value is the average of 10 observations (F/0.05}.
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6f feeds and

Table 6.5 Promixate and Van Soest compositon
residue of post-ruminant experimental calves
%, on DM basis),.
Parameters Greed rfodder Cancentrate Residue
Organic matter &87.6010,.50 82,2710, 34 87.58+0,54
Crude protein ?5.9019.7? f9;30¥0.59 ?6.9410.67
Criude fibre 21, 118,00 10, 79+0, 28 17.2020.91
Bther extract 7.4510. 10 ?;8010.?8 7.7220. 71
Nitrogen free Extract 49, 1547, 31 58.99:0. 48 51.7322.21
ash 12.47£0.50 7.7320. 34 12.4210. 54
Neutral detergent Fibre 51.3740. 7% 49,3721, 71 57.0420,23
40, 2910.88 8,3920.48 37.7427.57

Acid detergent fibre

Each value is the average of four observations.



Table 6.6

fés

Average daily feed intake during metabolic trial in
post-ruminant c¢alves kept cn with or without

prebiotic supplement.

Parameters Control Probiotic Statistical
group supple- observa-

mented tions
group

Average body weight (Kg) 167.3:4.42 184,343,998 s

at the begining of

metabolic trial

Average body weight (Kg) 169.924.43 i87.61£3,97 S5

at the end of

Metabolic trials

Concentrate 1.9920,.07 2.13x0.06 NS

DM Intake (kKg/d) '

Green fodder 2.95+0.,07 3.29120,07 5

DM intake (Kg/d)} '

Total DM intake 4,940,710 5.42x0.,. 10 S5

(kg/d)

DM intake per 100 kg 2.9310.,17 2.9320,09 NS

body weight (Kg/d) |

DM intzke per kg 105t2613.44 107.8322.82 " NS

w27 (gra)

gach value is the average of /0 observations (FP/0.05),
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Table 6.7 Digestibility coefflicients(%xjof nutrients in post-
ruminant calves kept on with or without probiotic

Supplement. .

Parameters Control Probiotic Statistical
group supple~ gbserva-
mented tions
group
Pry matter 55,544 0.49 57.58 + Q.87 5
Organic matter 67.35 + 0.64 65.79 2 0.90 £
Crude Protein 66,73 + 0,72 67.729 1 4,69 &F
Crude Fibre 66.64 + .57  68.03 # 0.62 1z
Bther Bxtract 68.73 £ 0,80 67.73 % 0.63 e
Nitrogen free Extract 56,77 + 0.59 58.14 = .04 &5
Neutral detergent fibre 54.59 % 0.64 56,12 = 0.90 83
Acid detergent fibre 50,06 F+ 071 50.57 2 0,8° Y

Bach value is the average of 70 observations [(P/C.05]).
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Table 0.8 Nutrient intake in post-ruminant calves Lept on
with or without probiotic supplement

Parameters Control Prohiotic Statistical
group supple- ohserve-
mented tions
groupg
CP intake fg/d} 649,54 + 18.96 685.88+ 14. 38 N3
CP intake per 363,77 + 23,19 372.59 £ 13.52 NE
7100 kg body weight
(g/d)
CP intake per 3.8 £ 0,00 F3.73 2 0.43 NS
0.75
kg W fg/d}
DCP intake (g/d) 432.45 # 11.51 263.31 + 9.82 s
DCP intake per 259,03 * 72,73 255,78 + 7.75 poict
100 kg body weight
{g/d)
DCP intake per .37 & 1,67 9.23 + 0.26 NS
e.75
kg W {g/d}
TON intake (ku/d)} 2,71 £ 0,68 2.90 * 0.08 NS
TDN intake per .62 £ 0.06 .54 » 0,08 NE
100 kg body weight
(kg/d)
TDN intake per 58,78 £ 2.20 57.45 £ 2.28 NS

kg W 0.75 fo/d)}

Each value iz the average of 70 observations (P/0.05).
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Table 6.9 Nitrogen balance in post-ruminant calves kept on
with or withput probictic supplement

Parameters Control Probiotric Statizeiecal
group Supple- ohserva-
mented tions
group
N-intake {g/d) 7103.78 4 2.98 110,22 + 2,30 3
N-excreted Iin dung 34,39 + 71.41% 36,09 + 1,20 N5
{g/d}
N-excreted in dung 33.06 & 0.68 32.77 x 0,69 NG

ag % of intake

¥-excreted in urine 43.70 * 2,19 43.57 * 1.46 NS
fg/a)
N-excreted in urine 41.97 + 1. 76 38,392 4 0.77 N5

as % of intake

N-balnce (g/d} 26,19 % 1.02 20.63 + ¢.54 5

N-ratalned &s 25.49 2 1.37 27.89 ¥ @¢.,78 Ng
% of N-intake

i+

N-retained as 43,34 + 1.67 46.01% 104 A0

% of N-absorbed

Bach value is the average of 10 observations (Pf0.05).
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Table 6.10 Statistical analysis of body weight gain and feed conversion
efficiency in pre- and post- ruminant calves.

Parameters ~—..Calculated 't' value __
Pre- Post-
ruminant ruminant

Initial body weight ¢.86 IO

Final body welght 2. 44% F.46**

Tetal gain in 2.56**% 3.57%+#

body weight

Daily body weightgain 2.71%* 3. 63*#
Days in diarrhoea 2.38%* -
Final body weight .02 -

{Post~supplementation}

Fotal gain in .86 -
body weight
{Post-supplementation)}

Daily body welight gain 7.74 -
fPost-supplementation)

Potal DMT 2.37%* 2. 40*
b intake/skg gain 2.24* 2. 79"
Total feed cost 2,29* 3. 74%%
Feed cost/kqg gain 2,.46% 3.53x%

For each parameter'number of paired 6bservations were 10,

»

Sigpnificant gt 5% level.

* &
Significant at 1% level.



Table 6.117 Statistical

analysis of

different
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parameters

recorded during metabolic trial in
post=ruminant animals.
Parameters Calculated Parameters Calculaced
it value Tt value

Initial body wt. J.27%% Final body wt, 3. 34%*
Concentrate DHI 7.26 Green Fodder DMI 2,33%
Total DMl 2.26%* DX/ 100 kg Body wt. 0.93
DMI/ky WO.?S 0.84 DM pig. 2.84%%
OM Dig. 2.46* CP Dig. 0.69
CF Dig. 7.03 EE Dig. 0.8t
NFE Dig. 0.494 NDF Dig, 0. 64
ADF Dig. g.97 CP intake/day 753
CP intake/ 700 ky Cp intakeskg WO 2, 32%
body wt. .45
DCP intake : TDN intake per ;

Per day .37 day .96

per 100 kg body wt. 7.48 100 kg body welight ?.3?

per kg WO'?S 7.87 Kg WO 73 1.64
¥ intake/day 3.67%* N balance 3.94%4%
N excrated in dung as: N excreted in urine as: .

g/day 71.53 g/day 1,74

% of intalke F. 76 % of intake 7.08
N retained as:

Percent of N intake 7.07

Percent of N absrobed 7.68

For each parameter number of paired cobservations were 10.

*
Significant at 5% level

* &
Significant at 1% level
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7. SUMMARY AND CONLUSIONS

SUMMARY :

HManipulation of intestinal micro-flora in both
ruminants and noen-ruminants has a significant effect on feed.
efficiency and growth rate. Manipulatiﬁn-for optimup rumen
fermentatioﬁ and digestion can be achieved by supplementat;on
of Jlive microbes as dietary adjunct. The commonly used
dietary cultures {Yeast or/and lactic acid producing

bacteria} also called probictic 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,
methane and lactic acid concentration, The achievement of
optimal ruminal condition is knoewn to Iimprove feed intake

and efficiency of feed conversion tuwards griowth and milk

production. However, different strains of lactic acid
bacteria reduce pathogenic microorganisms in the
gastro~intestinal tract and increase immunity towards
diseases and anti-tumor activities. rhese supplements are

safer to use since they have no ill effect on the health
of animals or consumers like that of antibiotics. The use
of probiotics as growth promoter is therefore an answer to

enhance animal productivitiy.

The information on the influence of diffrent strains
of microflora on rumen fermentaticn and Ffeed utilization
for growth {s lacking in India. Phe present investigations

were therefore, carried out with two strains of each

L.acidophilus, S.thermophilus {New name Streptococcus
salivarius subsp. thermophilus) and S.cerevigiae. Six

strains were evaluated +¢through  ruminal studies ({in vjiire
and in vivo}, metabolic trials and growth experiments, The
results obtained in different experiments have been

summarizged in the ensuing peragraphs.
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7.7 In vitro rumen fermentation inflpenced by the

supplementation of individual microorganisms

In the Ffirst phase six strains of microﬁrganisms were
evaluated in vitro using wheat straw and concentrate mixture
{60:40}) as substrate. gg_v}tro system was supplemented with
éach strain of microorgapnissms (@ ?09 cfu/vessei} and data
collected at 24 and 48 h incubations, The different

treatments were as follows:

Treatments Microorganisms supplemented
T; Lactobacillus acid&philus {R}
%2 L.acidophilus (1)}
T3 . Streptococcus thermophilus {HST)
T, 5. thermophilus (CH)
TS Sachromy;es cerevigiae (522)
T, S.cervisiae (8}
r, Without suppliement {(Control)

7.7.7 Rffect of supplmentation on DM and OM degradability:

DM degradability at 24 h and 48 h incwvbation periods
improved ipn treatment groups Tr(SO.ds and 52.34%}, T2 {51.02

and 53.878}, T. (52.52 and 34.15%) and T

6 ({55.57 and 56.86%)

5
respectively over control group (T7) (49.30 and 5171.40%).

QY degradability alsc showed the similar trend at both

incubation periods. The degradability increased by



suppilementatjon of both strains

V7

ef S. cerevisiae followed

by L.acidophilus but S.cerevisiae strain B exhibited better

performance.

perform rignificantly.

However, the strain of S.thexrmophilevs did no:

7.1.2 Effect on Jin vitro total volatile Ffatty acid (TVFA)

Concenptration

TVFA concentration (meg/'00 ml) was higher in all

culture supplemented groups
{Treatments T;’ 6.64 and 8.61; T

and 7.79;T, ,6.53 and 7.68; T 7.71 and 9.78; T

T7,

2'.1'

6.03 and 7.52), Strain

24h and 485 incubation

7.65 and 9.45; T3 ,6.56

p ,8.96 andi0.89;

S.cerevisige (B) exhibited

higher TVFA production over oather strains.

7.7.3 Bffect on in vitro microbial population:

M. :robial counts (X

in alli ve¢ulture supplemented

incubation (Preatment T?, 26.35
34.10; Tj, 18.25 and 25.60;
and 49_25; T 49,05 and

6!

respectively), but strains
microbial population over

producing bacteria.

were significantly hicher

groups at 24h and $8h of

and 35.45; T, 3?.30 ond

17.05 and 24,55; 7 35.7¢

77.00; T,, 12.75 and I5.%3,

of S.cerevisiae exceiled th=

strains of lactic scid
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7.1.4 Effect on in vitreo ammonia-N concentration:

Ammonia-N concentration (mg/100 ml)} was sigrificanti:
lower in treatment groups TS {17.68 and 18.08)}) by [3.88 ard
17.58% and T6(15.93 and 16.45) by 22,47 ans 28,841,
respectively at 24 h and 48 h incubation period: compares

te Control group (20.53 apd 23.75J. The reduction in

ammoniaN was more pronouned on suplementing strains of

— e e e e e s

7.1.5 Effect on jin vitro microbial protein—¥:

Microbial protein-N {(g/kg . oH digestsad) Was
signrificantly higher in all cultﬁre t;eatment grewps, The
respective values at 24 h incubation were 42.35, 45.22,
40.11, 39.50, 46.67, 48.75 and 38.97 and at 48 h wsie 50.6¢,
S6.09, 49.81, 52.49, 55.47, 61.03 and 45.15 Ffor creatment

T T T and T_.

Ta0 Tyr Tg: Ty 7

groups T,, T2,

7.1.6 Effect on In vitro total gas production:

Supplementation of L.acidophilus (I) and both strains

of E.cerevisiae significéntly reduced the gas production.
The total gas préduction fml/q substraté}- was 75.0, 771.4,
68.4 and 83.2 at 24 h and 100.7, 87.4, 93.7 and T110.8 at
48 & jncubation period for respective treatmeﬁt groups T2,

TS’ TG and T7.
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7.2 Supplementation of live microorganisms on in vivo

rumen fFermentation:

Two microbes L.acidophilus (I) and S.cerevisize (2}

—_ —

were selected on the basis of earlier experiment and

TI' L.acidophilus (I)

T S.cerevisiae (B),

Tys L.acidophilus (I} + S.cerevisiae (3)
T .. Without supplemeﬁt {Contrel)

7.2.1 DM digsappearance in nylon bayg:

DM degradability was significantly  higher in- group
T, by 10.28 and 7.21% at 6h (35.43 Vs 32.1¢%) and 12k (<5.<8
Vs 42.43%) respectively . Similarly DN degradability was
higher in mixed culture by /6.55, /.66 and 4.97% at £, 2

and 24 h.

7.2.2 Fiber degradability:

The fiber degradability on treatment group T2 f23.10%)
was significantly higher by 14.98% at €6 h compared to control
group (20.09%}) and treatment group T3 compared -to cbntrol
by 18,87 and £.87 % at 6 h (23.88 vé 20.08%) amd at 12 A

(25.65 vs 23.56% )}, respectively. Supplementation of

S.cerevisiae alone had stimulatory effect upte 6 h but in
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combination with L.acidophilus (I}, the degradakility was

higher upto 24 b,

7.2.3 Ruminal total volatile fatty acid (TVFA) concentration:

The TVFA concentration (meg/100 ml) was sigrnificamiu
higher on mixed culture (Tjg by 6.64, 12.50, !7.73, 9.%-°,
17.60, 17.4% apd 7.79% at Oh (9.47 vs 8.85}, 2h (23.4! vz
i11.92), 4h (?4.3? Vs 12.93), 6h (716,56 vs 15.08}, 2n (12, '€
Vs 17.77), 10h (77.89 vs 10.72) and at 12 h (9.3% vs 8.75)
compared to control group. Qowever, on S.cerevisnjae &alione

(TQ) showed a higher TVFA concentration by 6.29 and 7.:*%%

at 2h r?2.63 vs 17.922) and 4h (13.86 vs 72.93) compared ‘to

control aroup.

7.2.4 Concentration of individual volatile fatty  acid in
the rumen:
GCroup T (S.cerevisiae alone). showed A higher
concentration of pFopionate by 9.92!, 9.55 and 10.42% at 2,

4 and 6 h and group T, fmixed culture} by 13.06, 15,45, 17,54

3
and 10,.8% % at 2, 4,6 and (2 h compared to conireol treatment,

However, concentraion of acetate and butyrate. were not

significantly affected by the treatments.

7.2.5 Acetate:Propiconate ratio in the rumen:

In treatment group T3 (mixed culture acetate
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proepionate ratio was lowered by 9.90, [15.08, J6.717, &.42
and 9.49 % at 0, 2, 4, 8 and 10 h., respectively comparegd
te contrel group. However, other groups did not adiffer
significantly.

7.2.6 Levels of raminal ammonia-N:

Ruminal ammoniaWN {(mg/ 700 ml}) in group T2 wes Jowered
by 2.992, 3.77 and 4.6!'% at Qh (T717.32 Vs 771.67), 2h{75,353
Vs 16.77) and at 4h (18.39 vs 19.24), respectively compared to
caontrol group. Similarly, group T3 showed a lower ruminal
ammonia-Nby 6.68, §3.891, I5.064, 10.40, 6.72, 6.03 and 6.£3

$ at o, 2, 4, 6, 8, !0 and [I2h respectively compared teo

control. However, supplementation of L. acidophilus alone
did not &ffecec significantliy.

7.2.7 Levels of microbial protein in the rumen:

In group TS, mcrobial protein (mg/700 ml) level was
higher by 1!5.85 13.68, 1{2.23, *12.03, 1{2.66 and 10.74 % at
2, 4, 6, &, 10 apd 12 h and ir grouyp ?2 it was higher by
2,19, 14.27, 5.67 apnd 5.37% at 2, 4,710 and 12 h respectively
compared to control group.

7.2.8 Microbial popunlation in the rumen:

In treatment group Tz micvrobial population (X 108)

was similar upto <4 h, however, after 4 h, it lincreased Dby
59.64, 70.68, 83.82 and 73.067x at 6, &, 710 and {2 H,
respectiveliy, compared to control group. However, group

'T3 showed a  higher concentration of microbial cells by
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ios. 77, 132.35 and 1730.76% at 8, 10 and 12 h, compared 1o
control.

7.2.9 Lactic acid concentration in the rumen:

-

Except at 2 h (peak periocd) the concentration of

lactic acid (mM/1} was siimilar between all groups. At 2

h, lower concentration was observed on treatmenis T2 and

T, conpared to control.

7.2.10 Flow rate of iliquid digesta:r

Flow rate of liguid digesta (174} was
non-gignificantly higher in treatment groups Tj f51.48),
r . (50.83) and T, {51.00) respectivaely as ceoupared to.

<

control (46.69).

7.3 Growthh rate, nutrient utilisation and feed conversion

gfficiency on various probiotic supplements.

Two growth trials on pre-ruminant and posr-;yminant
calves were conducted to study the effects of mixed culture
[S.cerevisiae (B) aﬁd L. acidophilus' (I)} on feed conversion
efficipncy tewards gain JIn body weight, The treatment group
was compared to the non-supplementéd graup, In each trial
20 calves were separately grouped Iinto two and metabolic

trial was conduc ed on post ruminant calves,

7.3.1  Effect of supplementation on live weight gain in

pre~ruminant calves:

The initial body weight of pre-ruminant calves was
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37,7 ky on treatment group and 30.2 kg con control greoup

Heowever, after 98 days trjial the respective live wejghts
were J7G.7 kg and 67.7 kg. Group supplemented =ith mixed
culture showed sjgnificantly kigher body weight gain {(466.2°
vs 376 53 g/d). After discontinuation of treatment there

wag non Jifference in body welght gain Jin both the grouops.

7.3.2 Effect of supplementation on incidence of diarrzhoea

in pre-ruminant calves:

Incidence of diarrhoea was lowered by 35.59 percent
in supplemented group -(3.8 days/animal), where only six
animals were suffered from diarrhoea_aé compared to control
group (5.2 days/animals) where all the ten animals were

suffered.

7-3.3 _reed conversion efficiency and_feed cost

per unit gain_in pre ruminant calveg:

Supplemented group showed a higher DM iIntake (74 417
Vs 68.20 kg), & lower DM intake per kg of body weight gain
('.72 Vs 2.08 kg) and a lower feed cost per kg hody weight
gain (ks. 49.60 ve 671.00)

7.3.4 Effect of supplementation on_live weight gain

in pust-~ruminant calves:

The initial body weight of post-ruminant caelves was
82. "0 kg on treatment group and 82.%0 kg on control grcup

Howetver, aftezr 238 days trial the respective live weights
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ware 225.00 and 208.00 kg. The group supplemented with mixed
culture showed significantly higher body weight gain (326,12

vs 525.63 g/d)t,

7.3.5 Effect of supplementation on feed conversion efficiency

and feed cost per unit gaip in Post-ruminant calves:

fn supplemented group total feed Intake was Higher
(860.43 Vs 809%9. 6 Kg), consumpticon of DM (kgi/kg Iive body
weight gain was lower (6,77 vs 6.55 kg}, and feed =ost gpor

kg body weight galin was lower (Rs 29,80 Vs 31,48},

7.3 6 Chemical composition gf feeds:

The CP ceptent in Berseem.an& concentrate waEz .Fn
and  “9.30% . The feed was abegquate Lo supply =ss5enTii]
nutrienis teo the animalis.

7.3.7 EKFfect of supplementation on  fred intake by  post-

ryminant calves durinyg metabolic trial:

Total DM intake during metabolic trial wasz Ligkaer

in supplemented group (5.42 vs 4.%4 kgsd}) cocmpzrsd e

conirol. Hlowever, DM intake per °00 kg body weight snf roar
LR L ,

ke W were similar in both groups.

7.3.8 Effect of s&pplementation on digestibility coefficients

of Feed constituents:

B,

In supplenented group, digestibility cogific
of DM (57.58 vs 55.54%) and OM (65 f%.vs 67.35%) were hRigher

by 3:67 and 5.26 % respectively compared to control group.
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However, digestibility coefficients of other constjituents

were not significantly affected by treatment.

7.3.9 Effect of supplementation on nutrient intake in post-—

ruminant calves during metabolic trial:

C¥ and TPN iIintake were similar Iin  beoil gorours.
fiowover, DCP Jintake (g/d} inereased bv 7,714 peorzent over
control group.

7.3.10 Kifeetr of supplementation on pnitrogen balanco:

i)

f

In the cultyure supplemented group nitrocon irncasd
{g/d} was higher by 6.21 % and nitrogen balance [{z/d} weas
higher by #6.95% {(30.63 vs 26.19) compared to control groun.

However, nitrogen excretion remained similar in both groufs.

CONCELUSIONS

7. Supplementation of L.acidophilus (1), S.. zrevisize
(522) and S.cerevisiase (B) enhanced ip vitro DX and
&4 degradability. The strains of yeast [S..crevisiae
522} and S.cerevisiae {B}] enhenced
microbial-nitrogen, microbial counts, SVES and
reduced ammonia-N and total gas production. These

effects further improved when L.acidophilus culture

was added along with S.cerevisiae.

2. Supplemeptation of S.cerevisiae (B} alone or alonyg

with L.acidophilus (I) increased the 4in vive DM and

CF degradability. The concentration of ammeonia-¥

and lactic acld reduced on supplementation of
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S.cerevisjae : P alone or with combination o
L.acidophilus {I). The  jpropionate concentration

increased with supplementation of S.cerevisiae {8).

towever, combination with L.acidophilus (J) caused

lower acetate:propionate ration.

Preeruminant calves significantly gained body welght
at reduced feed cost on supplementation of

S.cerevisiae (B} + L.acideophilus (I} and experienced

low incidence of diarrhoea.

Post-zruminant <c¢alves kept won supplementation of §

‘cerevisime (B} and L.acidophilus (I) togetier showed

a higher body gain, Iower DM Jintake/kg bedy weight

gain and lower feed wost/kg body weight cain., X
digestibility and N-halance improved 0 mized
culture.



KFFECY OF LIVE MICROBES AS DIETARY ADJUNCT ON
RUMINAL FERMENDATION, NUTRIENT UTILIZATIYON
AND GROWTR OF CALVES

RANAN MALIK

ABSTRACT

Y
1]

Supnlementation of probiotic have beer reported to  improve X
ruminal fermentation, feed intake and feed efficicacy towards proeductive
traits in ruminants. Therefore, two strains of each L.acidophilur,

S.thermophilus and S.cerevisiae were evaluated through ruminail studies

(in vitro and in vivo J, metabelic trial and growth experfments. Jn
vitro system (24 and 48h}) supplemented with individual strains of

. . - 9 . -
Luacidophilus  and S.cerevisise {fg 10 cfu/vessel} showed Improvead
degradability of DM and O with increased cqncentration of TVFA, microbial
protein, microbial counts along with reduced . ammonia-y and total gas

praduction. . In vivo experiments showed that S.cerevisiae (#)

supplementation @ 709 cfu/kg DMI/d) increased degradability of DY and
crude fibre with increased concentration of TVFA, propionate, microbial
protein, microbial counts along with reduced concentration of lactic
acid, emmoniaN and reduced ratio of acetate:propionate. Suppleméntation

of S.cerevisige (B} along with DL.acidophilus (I} showed a stimulatory

effect. iHowever, supplement do npot have significant effect on liquid
digesta Flow rate. Data from growth experiment exhibited a significantly
higher body weight gajin and Iower feed cost/kg body weight gain on
supplementing mixed culture (S.cerevisiae (B) and L.acidophilus (I)]
in pre-ruminant and post-ruminant calves. Incidence of diarrhoea
significantly reduced on culture supplemented pre-ruminant calves.
Digestibility of proximate principles did not differ but ¥ balances

Increased on supplementing mixed culture.
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