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Introduction

Thelivestock isoneof theimportant component of Indian agricultureand contributes

significantly to the income of farmers. Fodder, which are main ingredients for livestock
production, cultiveted only on 4% of thetotd cultivableland (Hazra, 1995). Thebasic condraint
inthissysemisunavailability of sufficient feeds of adequate quaity. Mgority of Indian livestock
are fed on poor qudity roughages and the crop residues, grasses, tree foliage and agro-
industrid by productsasthe main feed resources. The poor productivity and low feed conversion
efficiency of tropicd ruminants are attributed mainly to the poor qudity and unavailability of
feeds. Natura pasture and crop residues congtituting the feed base are characterized by their
bulkiness, low nitrogen content and low digestibility, which result inlow intake and sub-optima
animd production (McSweeney et al., 2001). The poor quadlity of tropica feedsisaso dueto
the high lignification of forages and the presence of secondary metabalitesliketanninsin various
forages and by products (Bertha et al., 1996). The secondary plant product, mainly tannins
(phenalic) are varidble in plants ranging in concentrations from 2% to more than 20% of the
dry weight and pose aworld wide problem for grazing livestock because they often prevent
effective utilization of forage (Hadam, 1989). Livestock consuming tannin rich diets (>5% w/
v tannin) usudly develop a negative nitrogen baance which affect overdl performance of
animals.

The feed containing tannins can affect nutrient utilization in diverse ways (Singh et al,
2001). Tannins bind proteins and the strength and nature of binding depends on the chemica
nature of reactive phenolic groups (Spencer et al., 1988). The binding affinity of tannins for

the protein increases with the increase in molecular size of tannins. The presence of tanninin
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large quantities reduce forage quality and adversdly affect herbivore nutrition by reducing
intake, protein digestibility by inhibiting rumen microbes and digestive enzymes (McNabb et
al., 1998; Barry and McNabb, 1999; Min et al., 2002). At the sametimein smal quantities,
tannins, especialy condensed tannins (CT), are useful as they prevent bloat, protect proteins
and prevent establishment of gastrointestinal parasites (Niezen et al., 1996). Therefore, the
source and levd of tanniniferous leaves to be used with protein rich diets to improve the
performance of high producing animas. Thisgivestwo-way advantage of protection of dietary
proteins from rumina degradation as well as drategic use of tannin rich tree leaves, which

other wise remain under- utilized as animd feed.

Sincetanninsarethe maost common antinutritiond factorsin fodder plants, their reduction
in leguminous fodder trees could make these plants agood source of anima feed in thetropics
(McSweeney et al., 2001). Severd atemptslike physica, chemica and biologica treatments
have been used as common remediesto removethe effects of tannins. However, most of these
are neither affordable nor availableto poor farmers. It can d so bereduced from theagricultura
resources through plant breeding. However, tannins are serving as important defense systems
for the plants; their remova would bring adetrimenta effect on the growth and productivity of
the plant. It seems; therefore, gppropriate to removethe effect of tanninsby microbia degradation

in the rumen.

The isolation of tannin degrading and or tolerating microorganismsis chalenging as
they are present in small numbers, their growth rates are very dow and they are dso strict
anaerobes. Previous studies have shown that bacteria capable of degrading or tolerating
tannins can beisolated from animals previoudy exposed to tanniferousfeeds (Nelson et al .,
1995; Odenyo et al., 2001; Misrak, 2001). Tannin tolerant/degrading bacteria such as
Streptococcus bovis, Coprococcus sp. and Streptococcus caprinus, Selenomonas
ruminantium, Streptococcus gallolyticus have been successfully isolated from the rumen
fluids of camels and feral goats (Brooker et al., 1994), goats (Skene and Brooker, 1995),
sheep, goats and antel opes (Odenyo and Osuji, 1998). Tannases are capable of hydrolyzing
complex tannins, which represent the main chemica group of naturd anti-microbias occurring

Evaluation of tannin degrading bacteria as probiotic in goats for better ...... -15-
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in the plants. Tannase catalyses the hydrolyss reaction of the ester bonds present in the
gdlotannins, complex tannins, and gdlic acid eters (Lekha and Lonsane, 1997; Belmares et
al., 2004).

Theam of present study isto identify suitable tannin degrading/ tolerant bacteriafrom
the rumen of goats consuming tannin rich feeds (oak leaves) for the manipulation of rumen
microbid ecosystem towards improving utilization of poor qudity feeds. This study will give
more information about the rumen microbes of Indian livestock which will help in developing
feeding srategiesfor better utilization of nutrient from tannin rich feeds. Kegping thesein view,
the present study is proposed with the following objective:

Identification and evaluation of tannin degrading bacteria as a probiotic for

improved utilization of tree leaves by goat

&5 5 &S
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Anima husbandry isone of theimportant activitiesof farmersin the devel oping countries
including India, however, avallahility of feed resources hasbeen identified asamgor condraint.
Priority for fulfilling the feed requirements of large human population with limited recourses
provides the grestest chalenge for sustaining and enhancement of livestock productivity. The
interaction of the diet, microbesand anima host that determine the net supply of nutrient to the
hogt are complex (Van Soedt, 1994). An important chalenge for scientigts in the field of
Animd nutrition isthe introduction of dternative feedstuffs that could overcome the problems
of environmenta harshness and production costs. At the sametime, the maintenance of anima
hedlth, production and its quality is o essentid. Alternative feed resources (AFR) contain
secondary compounds, such as tannins, when present in high concentrations, can negatively
affect animad productivity (Makkar, 2003; Min et al., 2003).

Theterm plant secondary metaboliteisused to describe agroup of chemica compounds
in plants that are not involved in the primary biochemica processes of plant growth and
reproduction. The function of these secondary metabolitesin plantsisto protect them against
predation, infection or restricting grazing by herbivores. Browse trees are well adapted to
adverse agro-ecologica conditions and are important sources of livestock feed in the tropics.
However, most browse trees contain secondary plant compounds such as tannins, dkaloids,
non-protein amino acids, cyanogenic glycosides, oligosaccharides, saponins, etc. that
ubgtantialy limit utilization by ruminants (Norton, 2000; Getachew et al ., 2002). Tanninsare

one of the important anti-nutritional compounds in most browse trees.
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High levds of tannins are known to exert negative effects, including a reduction of
voluntary feed intake and nutrient digestibility as wel as imparment of rumina fermentation
(McAlliger et al., 1994; Mueller-Harvey, 2006). However, it has also been shown that a
gradud increase in the intake of secondary compound-containing plants may incresse the
ruminant’s ability to tolerate or degrade them (Duncan et al., 1997).

2.1. TANNINS: STRUCTURE AND CHEMICAL PROPERTIES

Theterm*“tannin” refersto “tanning” or preservation, the substances present in vegetable
extracts, which are respongble for converting anima skin into lesther. Tannins aso contribute
to the astringency of many popular drinks, liketeaand wine. In plant extracts, these substances

exig as polyphenals of varying molecular Szes and complexities.

Tannins are defined as naturally occurring water-soluble polyphenols of varying
molecular weight thet differ from other natura phenolic compoundsin their ability to precipitate
proteins from solutions (Spencer et al., 1988).

From achemica point of view it is difficult to define tannins Snce the term comprises
of diverse oligomers and polymers (Schofidd et al., 2001). The tannins are a heterogeneous
group of high molecular weight phenolic compounds with the capacity to form reversble and
irreversible complexeswith proteins (mainly), polysaccharides (cdllulose, hemicedllulose, pectin,
etc.), dkaoids, nucleic acids and minerds (Schofield et al., 2001).

2.1.1. Chemistry of Tannins

Tanninsareusudly two types: hydrolysable and condensed tannins, and are considered
to have both adverse and beneficia effects depending ontheir concentration and nature besides
other factors such as animd species, physologicd state of anima and composition of diet
(Makkar, 2003). The nutrient binding and astringent effect of tannins contained in tree leaves
generdly affect ther intakeand digestionin animas. When HT are metabolized thefind products
such as gallic acid, elagic acid, other phenaolic acids and their derivatives become toxic
(ANZFA, 2001; Sdminen et al., 2001; Makkar, 2003). The ability of CT to form strong
complexeswith proteinistheir most important anti-nutritiona effect of reducing theavailabilities
of nutrients during digestion.

Evaluation of tannin degrading bacteria as probiotic in goats for better ...... -18-
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The CT istermed “ proanthocyaniding’ because HCl/butanol trestment releases bright
red anthocyanadin chloride. Proanthocyanidins are phenylpropanoid polyphenols and are
categorized by thetype of monomer they contain (flavan-3-dlsor flavan-3, 4-diols) into catechins
or leucanthocyanidins (Horvath, 1981). Condensed tannins are polymers of flavanol (flavan-
3-al) units, linked by carbon—carbon bonds that are not susceptible to anaerobic enzyme
degradation (McSweeney et al., 2001). Condensed tannins are heterogeneous compounds
(Mudler-Harvey, 2006) and both size and structure affects their reactivity and impact on
digestion. The CT conserve nitrogen (N) in an ecosystem has credibility in low fertility
environments because CT aways increase the N content of faeces and decrease urinary N

output (Waghorn and McNabb, 2003).

Hydrolysable tannins have avery different structureto CT, comprising acentra sugar
attached to severd gdlic acid groups. Hydrolysable tanninsarewiddly distributed, for example
in oak, some acaciagpeciesand arange of browse, with up to 200 g/kg of hydrolysabletannin
in the DM of some species (Reed, 1995). Their Structure is dso highly variable with different
types and numbers of sugars and a range of cross linkages between gdlic acids and other
phenaolics (Mudler-Harvey, 2001). The degradation of hydrolysable tanninsand itsdegradation
products both in vitro andin vivo isvery limited, with most focus on toxic effects rather than
provison of nutrients (Waghorn and McNabb, 2003) to meet animal requirements.

However, the tannin chemidry in reaion to animd nutrition is less useful because
there are some compounds, such as catechin gdlates, which have properties of both the
hydrolysable and condensed tannins. Catechin gdlates are nutritionally important because
they are toxic to some rumen bacteria (Mudler-Harvey, 2001).

2.2. OCCURRENCE OF TANNINSIN TROPICAL TREELEAVES

Tanninsarewiddy digributedin plant kingdom. Thelevesin plantsvary gregtly between
species, within species, stages of development, location and from year to year. They arefound
inwood, bark, leaves and fruits of many species. It isfound in higher concentration in tropica
plants as light intensity and high temperature stress enhance synthesis of tannins (Makkar et
al., 1994). Tannins have been found in variety of plants utilized as food and feed. These
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include Pakar (Ficus sp.), wattle (Accacia sp.), oak (Quercus sp.), eucayptus (Eucal yptus
sp.), birch Betula sp.), willow (Salix caprea), pine (Pinus sp.), quebracho (Scinopsis
balansae) etc. and the plant parts containing tannins include bark, wood, fruit, fruit pods,
leaves, roots and plant galls.

The negative corrdation between adkaoids and tannins (both HT and CT) has an
advantage as a feed for ruminants. Because when tannins and akaloids co-occur they may
cause greater negdtive effects for ruminants than when they occur independently owing to a
synergistic effect (Mdi and Borges, 2003). Makkar (2003) aso indicated the additive effect
of antinutrient interaction between tannins and saponins. Sdem et al. (2006), however, have
found apogitive corrdation between tannins (condensed tanninsand total phenols) and dkaoids
in consumable partsof plantsincluding Cassia fistula, Schinusmolle, Chorisia speciosaand
Eucalyptus camaldulensis.

2.2.1. Nutritive value of oak leaves

The leaves of the dominant oak of western USA, (Q. gambelii), had a digedtibility
coefficient of 47% when fed together with dfdfa to Spanish goats (Nagtis and Maechek,
1981). Anandan and Dey (2000) estimated the nutritive value of oak (Q. semicarpifolia)
leaves for goats and found the DM intake at 25 g/kg body weight with 3.65% DCP and
47.17% TDN. Sahoo et al. (2004) reported 6.80% total tannin phenolics (TTPh) and 3.34%
CT in oak (Q. incana) leaves from mid-hills of Himacha Pradesh. Sharma et al. (2008)
reported an optimum ratio of 44:56 for oak |eaves with wheeat straw in calves and observed
enhanced DMI, digedtibility, efficiency of N utilization and body weight gain. Paswan et al.
(2008) reported the concentration of poly-phenolic components, viz. total phenolics (TP),
total tannin phenolics, condensed tannins (CT), hydrolysable tannins (HT) and non-tannin
phenalicsreveded that the TPwas 7.06 to 9.81 in different leavesand was highest in immeature
Kharsun (Q, semicarpifolia) (9.61 to 10.01). The immature oak leaves dso had higher HT
content (5.35in Q, leucotricophoraand 7.24in Q, semicar pifolia. CT washighest in mature
Banj leaves(3.11) followed by Quira (2.93), poplar (1.97) and Kharsun (1.65) and wasvery
low inimmature oak |leaves (0.68-0.88).
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2.3. EFFECT OF TANNINSIN RUMINANTS
2.3.1. Beneficial effect of tannins

Waghorn and Shelton (1997) observed improved anima performance when diet
contains low levels of tannins, which has been generdly attributed to the protection of feed
protein from degradation in the rumen, leading to increase in the flux of essentia amino acids
(EAA) to smdl intestine and increase in the abosorption of EAA to blood. In smdl quantities,
tannins, especialy condensed tannins (CT), are useful asthey prevent bloat, protect proteins
and prevent establishment of gastrointestind parasites (Min and Hart, 2003). The condensed
tannin (CT) in Lotus corniculatus (20-45 g CT/kg DM) fed to sheep reduces rumen forage
protein degradation dueto reversible binding to these proteins and to reducing the populations
of proteolytic rumen bacteria (Min et al., 2003).

Makkar (2003) reported that CT form complexes with proteins that are stable over
the pH rangeof 3.7-7.0, but dissociatein the abomasums and anterior duodenum. Thisprotects
proteins from microbid hydrolyss and deamination in the rumen and increases the availability
of feed proteins for digestion and post rumen absorption. Forages rich in tannins can hep in
controlling interna parasites and prevention of bloat in ruminant nutrition (Athanesiadou et al .,
2001; Padlini et al., 2003). Forageswith moderate concentration of tanninswere d o associated
with less emission of greenhouse gases such as methane from animas (Ramirez-Restrepo and
Barry, 2005). Dey et al. (2007) reported that lambs supplemented with varying levels of CT
(1%, 1.5% and 2%) of the diet had positive nitrogen ba anceirrespective of dietary trestment.

2.3.2. Detrimental effect of tannins

At higher levd (59 %) tannins in feed reduced digestibility of fibre in the rumen by
inhibiting the activity of bacteriaand anaerobic fungi (Holliman, 1985). Tannins may indirectly
affect rumen function by reducing rumen ammonialeve through decreased protein degradation
intherumen (Leng et al ., 1993). Sheep can adapt to adiet containing Acacia leaves indicating thet
there are rumen microorganiams that detoxify their deleterious effects (Reed, 1995). Min et al.
(2003) reported thet highforage CT concentration (> 55g CT/kg DM) generdly reducesvoluntary
feed intake and digedtibility of nutrient and depress body and woal growth in grazing ruminants.
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Moderate concentrations of tannins had a sgnificant positive effect on nutrition of ruminants
(Barry and McNabb, 1999), but at higher concentrations, tannins reduced dry matter intake
(Pritchard et al., 1992), dry matter degradability (Hervas et al., 2003).

Itiswel established that ruminants have ahigher toleranceto tanninsthan non-ruminants
due to extramastication, large amount of sdiva and rumen fermentation (Smith et al., 2005).
Within the same animal species, response to tanniniferous diets depend largely on the
physiologica capacity of the animas to adapt to high tannin levelsin the diet (McSweeny et
al., 2001). The CT hasmore profound digestibility-reducing effect than HT, whereasthe latter
may cause varied toxic manifestations due to hydrolyss in the rumen. HT is degraded by
micro-organisms in the rumen, and absorption of the degraded products resultsin ahigh load
of phenolsinthe blood stream, which isbeyond the capability of the liver to detoxify (Makkar,
2003).

2.3.3. Effect of tanninson in vitro rumen fermentation

Vanhoven and Frustenberg (1990) showed that VFA production during in vitro
fermentation greatly reduced when the substrate contained more than 6% CT. Patra et al.
(20068) reported that IVDMD aswell as 1VOMD was suppressed by the addition of tannin
rich seed pulp of Terminalia chebula (Harad) in vitro. Patraet al. (2008) studied the effect
of Populus deltoids (poplar) and Quercus incana (0ak) leaveson in vitro gas production
and methanogenesis and reported significant depression in gas production as well as
methanogenesis with the addition of both leaf extract.

Hess et al. (2008) found that the species specific CT properties play amagjor rolein
affecting rumen fermentation parameters. Despite the similar CT concentrations in F.
macrophylla and L. leucocephala, both legumes differed consderably in their fermentation

properties.

Getachew et al. (2008) reported that the effect of tannins on rumen fermentation and
protein degradation varied with type and leve of tannins. Gdlic acid which is a precursor of
gdlotannins, did not exert Sgnificant influence on in vitro dry matter and protein degradation
and therefore may have little impact on dfafa nitrogen utilization.
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2.3.4. Effect of tannin rich feeds on rumen microbes

Tanninsinhibit rumina microbid activity directly, by complexing with the becterid cell
envelop, or indirectly by reducing the availability of protein nitrogen and sulphur for microbid
use (Kumar and Vaithiyanathan 1990). Sotohy et al. (1997) reported that the numbers of
total bacteriain the rumen of goats decreased sgnificantly when the animas were fed tannin
rich plant (Acacia nilotica) and the decrease in the numbers was directly proportiond to the
leve of thisfeed in the diet. McSweeny et al. (1999) reported that animasfed on tannin rich
Calliandra calothyrsus, the population of Ruminococcus spp. and Fibrobacter spp. were
reduced but fungi, protozoa and proteolytic bacteria were less affected by this diet. Dietary
tannins can adversdly affect fermentation by bacteriostatic and bactericidd activities and by
inactivating rumina enzymes (Faixovaand Faix, 2005).

Animasthat regularly browse CT containing plants devel oped resstanceto tannins, at
least partly through the presence of tannin resistant rumina microorganisms (Bernayes et al.,
1989). Tannins dso induce changes in the morphology of severd species of rumina bacteria
(McAlligter etal ., 1994). Electron microscopy indicated that sainfoin proanthocyanidinsbound
to cell coat polymers of Streptococcus bovis, Butyrivibrio fibrisolvens, Prevotella
ruminicola and Ruminobacter amylophilus but abnormd cell growth and divison was
observed only in S, bovis and B. fibrisolvens (Jones et al., 1994). Hydrolysable tannins are
gpparently metabolised by the rumina microflorato phenolic compounds such as galic acid,
whichisneither hepatotoxic nor nephrotoxic to animas. However, pyrogdlol the decarboxylated
product of gdlic acid is produced in high concentration in the rumen of sheep and causes
methaemoglobinaemia Tannic acid can be absorbed through intact or injured gastrointestina
tract and ultimately cause kidney and liver necross (Zhu et al., 1995).

Some experiments in which tannins have been fed to ruminants have shown marked
effects of these compounds on rumen protozoa and other microorganisms (Salawu et al.,
1999). In a continuous batch culture system inoculated with mixed rumen organisms, tannic
acid exerted more inhibitory effect than with galate, elagic acid, catechin or epicatechin.
Interestingly, gdlate initidly reduced cdlulolysis, but after severa culture transfers, gppeared
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to enhance cdllulose breskdown. Gallate can be degraded by some rumen bacteria, and the
dimulaory effect on cellulolysisin mixed culture may have resulted from the supply of vitamins
or other growth factorsto cdlulolytic bacteriain the incubations. All of the compounds tested
inhibited cellulolyss and zoospore attachment to cellulose by pure cultures of the rumen
anaerobic fungus Neocal limastix frontalis strain REL. However, gdlic acid, dlagic acid and
catechinweredl moreinhibitory to cdlulolysisthan wastannic acid, and élagic acid was most
inhibitory to zoospore atachment, perhaps indicating the involvement of different cdll-surface
receptorsin these processes. Theactivity of rumen fungal and bacteria xylanaseswasinhibited
by tannic acid, and the enzyme assay system was used to compare the effectiveness of binding
agents in protection againg tannin binding. PEG 8000 was the most effective of the binding
agents tested in the xylanase-tannic acid system, and the commercia product Browse Plus,
which contained PEG 4000, was aso shown to exert a protective effect. Further work with
pure cultures and cloned enzymes of rumen microbes could lead to amechanistic understanding
of the effects of phenolic compounds on the rumen fermentation, facilitating the development
of new gpproaches to adleviating their deleterious effects. Although there has been little work
to compare rumen and colonic microorganisms, recent work with ferulates suggest that there
may be sgnificant differences between the secondary metabalite transforming properties of
these different microbid populations (Cheson et al., 1999).

Muhammed et al. (1995) investigated the effect of gallotannins, tannic acid and lower
MW components of HT and CT in different experimental systems, including those containing
mixed rumen microorganisms, and pure cultures. The stimulatory effect of gdlic acid on
cdlulolyss in mixed culture may have resulted from the supply of vitamins or other growth
factors to cdlulolytic bacteria in the incubations. The activity of rumen funga and bacterid
xylanases was inhibited by tannic acid. Sdlem et al. (1997) also observed alinear increasein
protozod numbersinrumen fluid of sheep fed on lucern hay with addition of Acacia cynophylla
foliage. McSweeney et al. (1998) aso reported that fibrolytic rumina fungi werelesssengtive

to tannins than cdlulolytic bacteria. The effects of tannins on rumen protozoa were varigble,

Different groupsof microbeshave different toleranceto tannin. Rumen fungi, proteolytic

bacteriaand protozoaare more res stant to tannin as compared to other microbes (McSweeny
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et al., 2001). Vliwisky et al. (2002) reported significant decreasein bacteria count by adding
hydrolysable tannin in the diet of lamb @ 1 and 2 g/lkg DM, wheress, protozoa population
remained unaffected. Patra et al. (2006b) observed reduced protozoa (total, smal and large
entodiniomorphid) count in vitro with the addition of extracts of tannin rich harad at the level
of 0.5 ml/30 ml incubation medium but not a 0.25 ml leve.

Molan et al. (2000) reported that CT concentration of 400 pug CT/ml or more reduced
the growth of arange of bacteria strainsfrom the rumen. Paul et al. (2003) studied the effect
of different phenoloic monomers on biomass and hydrolytic enzymesfrom an anaerobic fungus
Piromyces spp. and suggested that tannin tolerance of anaerobic fungi can play an important
role in fibre degradation in the rumen, and reported degradation of phenolic monomers by
anaerobic fungi isolated from nilgai. God et al. (2005) reported tanninolytic microorganisms
possess tannin degrading ability and suggested that the microorganisms developed certain
mechaniams to tolerate tannins in feeds. Tannins can disrupt membrane function by inhibiting
electron trangport chain and oxidative phosphorylation. God et al. (2005) reported a 10-20x
increase in the chain length of rumina sreptococa grown in a medium containing 4% tannic

acid.

Min et al. (2003) reported that when the diet of sheep changed from perennid rye
grassiwhite clover pasture (which doesnot contain CT) toL. corniculatus (32 g CT/kg DM),
the population of proteolytic rumen bacteria Clostridium proteoclasticum, Eubacterium
sp., S bovis, and B. fibrisolvenes were decreased from 1.6x107, 2.7x108, 2.7x10° and
1.2x10° t0 5.1x107, 1.5x108, 1.6x10° and 1.0x10° per ml respectively. Min et al. (2005)
studied the effects of CTsfrom L. corniculatus on the growth and proteolytic activity of 11
rumind isolates. They reported that some strains of rumen microorganisms, such as C.
proteoclasticum and R. albus, were resistant to CTsin leaves a aleve of 200 pg/ml. The
decrease in the proteolyss of smdler and larger components of ribulose-1, 5-bisphosphate

carboxylase in the presence of CTswas reported in the study.

Snghet al. (2011) reported that the rumen protozoa, fungi and cdlulolytic bacteria
were reduced however tannin degrading/tolerating bacteria were increased due to feeding of

pakar (Ficusinfectoria) leavesto goat.
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24. EFFECT OF CONDENSED TANNIN ON METHANE
EMISSION IN GOATS

Hess et al. (2003) reported that when one-third of a grass-based diet was replaced
by the tropicd legume Calliandra calothyrsus (270 g CT/kg DM), in vitro CH4 emisson
was decreased. Puchaaet al. (2005) noted CH4 emission relaiveto DM intake by goatsfed
Lespedeza cuneata (177 g CT/kg DM) 0.55 of that by goats consuming amixture of grasses
(Digitaria ischaemum and Festuca arundinacea; 5 g CT/kg DM). Carulla et al. (2005)
suggested that inhibition of methanogens by CT was primarily the result of suppressed fiber
degradation that limits H, derived from synthesis of acetate. Depressed fiber degradation
could be dueto areduced number of cellulolytic bacteria(McSweeney et al ., 2001), formation
of tannin—cellulose complexes (Makkar et al., 1995b), and/or impaired bacteria adhesion to
ubgtrate and fibrolytic activity of rumen microbes (Bento et al., 2005a).

Goetsch et al. (2008) reported that CT from different sources had disparate influence
on N digestion, but smilar effects on rumina microbid CH, emisson by goats, possbly by
dtering activity of ruminal methanogenic bacteria though change in actions of other bacteria
and/or protozoa may aso be involved. Thus, various CT sources could be used in future
drategiesto reducerumina CH, emission. Patraet al. (2008) reported that the CT-containing
forage K decreased CH, emission by goats regardless of itslevel and the effect per unit of K
or CT increased with decreasing K. Nonetheless, the impact of K or CT on CH, emisson
appeared dtributableto changesin methanogenic bacterid activity, but which might dsoinvolve
dterations of protozod activity. This suggeststhet relatively low dietary levels of CT could be
employed to lessen CH, emission without marked detrimental effects on other conditionssuch
astota tract N digestion.

2.5. ISOLATION OF TANNIN DEGRADING/TOLERANT
BACTERIA

It was perhaps for the first time that Brooker et al. (1994) isolated a gram postive
facultative anaerobe from the rumen liquor of ferad goats browsing on Acacia spp. leaves,

which could grow in amedium containing 2.5% tannic acid or condensad tannins. Thebacterium
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was named as Streptococcus caprinus. It was not amgjor inhabitant of the rumen and was
present at apopulation density of 2x10° per ml of rumenfluid. Severa rumind microorganisms
that can degrade / tolerate phenolic monomers have been isolated (Nelson et al., 1995;
McSweeney et al., 1999; and Lukose, 2004).

Sotohy et al. (1997) reported that the number of total bacteriain the rumen of goats
decreased sgnificantly when the animals were fed tannin-rich plant (Acacia nilotica) and the
decreaseinthe numberswasdirectly proportiond tothelevd of thisfeed inthe diet. Condensed
tannins from the leaves of sainfoin (Onobrychis viciifolia) inhibited growth and protease
activity in Butyrivibrio fibrisolvens A38 and Streptococcus bovis 4551, the growth of
Prevotella ruminicolaB14 and Ruminobacter amyl ophilusWP225 was not much affected.

Odenyo and Osuji (1998) isolated three strains of tannin tolerant bacteriafrom sheep,
goat and an antel ope and observed that the isolates could tolerate tannins up to 8g/litre in the
medium. Their growth increased when soluble carbohydrates were included in the growth
medium. Nelson et al. (1998) isolated six strains from the rumen contents of Sardinian sheep
(Ovisaries), Honduran and Colombian goats (Capra hircus), Whitetailed deer (Odocoileus
virginianus) and Rocky Mountain ek (Cervus elaphus nel soni). Four of theisolates belonged
to the genus Streptococcus, most closaly related to S. bovis and S, gallolyticus.

In another study in Indonesia, Wiryawan et al. (2000a) isolated five types of tannin
degrading bacteria, which tolerated 3% tannic acid or 1% condensed tannin in their growth
medium and reduced tannin content by 52% in 72 h of growth. Inoculation of these bacteriaat
the rate of 3x10'* cfu into the rumen of un-adapted goats was helped in improving feed
digedtibility and live waight gain in the animals.

The other isolated bacteria bel ong to the generaButyrivibrio spp. and Lactobacillus
spp. 16S rDNA regtriction fragment length polymorphism (RFLP) andysis reveded that S,
caprinus and S. gallolyticus were synonyms showing 16S rRNA sequence smilarity 98.3%
and DNA-DNA homology >70% and this bacterium was preferred to be named as
Sreptococcus gallolyticus (Sy et al., 1997). Some studies have shown that tannin resistant/

tolerant bacteriacan beisolated from the rumen of animals previoudy exposed to tanniniferous
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feeds (Brooker et al., 2000; Odenyo et al., 2003; Smith and Mackie, 2004). Chaudhary et
al. (2009) isolated tannin degrading /tolerating bacteria from the rumen liquor goat fed
on tannin rich tree leaves by culture enrichment method and phylogenetic analysis of

isolates showed similarities with Streptococcus gallolyticus.

Hiuraet al. (2010) reveded that Streptococcus macedonicus EC-D140 grown in
the Caral ginate beads was regarded as a candidate for mgjor hydrolysable tannin-degrading
bacterium inwinter skadeer. Somerumind bacteriaof skadeer in winter avoid production of
pyrogalol in the rumen fluid, but preferably provided gdlic acid actively. Gallic acid released
from gdlotannins as a polyhydroxybanzoic acid monomer is recognized as an antioxidant
(Makkar, 2003). Gdlic acid may affect voldtile fatty acid production of rumen microbiota
(Shahrzad et al., 2001).

2.6. DEGRADATION OF TANNIN BY MICROBES
2.6.1. Microbial Tannase

Tannin acyl hydrolase is commonly referred as tannase, an enzyme which form gdlic
acid in an agueous solution of tanninsin the presence of fungd species Penicillium glaucum
and Aspergillusniger (Lekhaand Lonsane, 1997). Tannase catalysesthe hydrolysisreaction
of the ester bonds present in the gdlotannins, complex tannins, and gallic acid esters. The
enzymeis used in food and beverage processing; however, the practicd use of thisenzymeis
at present limited due to insufficient knowledge about its properties, optima expresson, and
large scale gpplication.

Tannaseisnow known to be aubiguitousenzyme of themicrobid world. Itisproduced
both as membrane bound and extracellular forms. Brooker et al. (1994) isolated S. caprinus
from the rumind contents of fera goats browsing on tannin-rich Acacia species, which gave
clearing zones on tannic acid protein agar medium. Tannase activity has been observed for the
firg timein an anaerobic rumind bacterium isolated from goats browsing on tannin-rich forage
(Skene and Brooker, 1995). These workers have reported presence of this enzymein S

ruminantium subsp. ruminantium.
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Themgor commercia gpplications of thetannasesisin the € aboration of indantaneous
teaor of acorn liquor and in the production of galic acid (Belmares et al., 2004), the latter
being animportant intermediary compound in the synthesis of theantibacterid drug, trimethoprim,
used in the pharmaceutical industry and dso in the food industry; gallic acid is a subgtrate for
the chemicd or enzymatic synthesis of propyl gdlate, a potent antioxidant.

2.6.2. Aerobic breakdown

The production of extracdlular tannase (tannin acyl hydrolase) by bacterid cultures
with smultaneousreease of gdllic acid and glucose wasreported for thefirgt time by Deschamps
et al. (1983). Strainsof Bacillus pumilus, B. polymyxia, and Klebsiella planticolaproduced
tannase with chestnut bark as the sole source of carbon. The gdlic acid monomers as reedily
utilized as subgtrates by oxidetive breakdown in to smple diphatic acids, which then enter the
citric acid cycle. Prior to ring cleavage, gdlic acid is converted to pyrogdlol by gdlate

decarboxylase.
2.6.3. Anaerobic breakdown

The anaerobic decomposition of gdlic acid, the monomer of hydrolysable tannins,
occursby different mechaniams. Thefirs gepisdecarboxylation of galicacid toform pyrogdlol
which is then isomerized to phloroglucinol by pyrogdlol-phloroglucinol isomerase and to
dihydrophloroglucinol by phloroglucinol reductase (Krumholz and Bryant, 1986).
Dihydrophloroglucinol is then converted to 3-hydroxy-5-oxohexanoate (HOHN) by
dihydrophloroglucinol hydrolase (Brune and Schink, 1992).

Murdiati et al. (1992) have studied the rumind degradation of tannic acid in sheep by
monitoring the appearance of its metabalites in various body fluids. The studies showed the
Ssequentid gppearance of metabolitesnamely gallic acid, pyrogallol and resorcinol/phloroglucinol
after 24, 48 and 72 h of incubation respectively. Phloroglucinol was not observed to appear at
any stage of incubation. The TLC of 96 h indicated disappearance of resorcinol, apparently
due to its degradation to some unknown metabolite(s). Resorcinol is normaly known to be
undegraded in the rumind system (Krumholz and Bryant, 1988). After accumulation in the

rumen it is excreted as resorcinol glucuronides and other conjugates (Murdiati et al., 1992).
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The appearance of degraded products, as observed by TLC for different time intervals, was
confirmed by HPLC pattern for the corresponding period (Singh et al., 2001).

Hiura et al. (2010) reported that colonies of Streptococcus spp. from rumen fluid
were successtully established by immobilizing rumen bacteriain Ca-dginate gel beads. The gd
beads allowed growth of S. macedonicus EC-D140 with exhibited an efficient ability to digest
tannic acid. Gdlic acid released from hydrolysable tannins may play aphysologica roleinthe
survival of skadeer in the Shiretoko Peninsulaiin winter, when lessfeed is available and cold

wesether conditions predominate.
2.6.4. Fate of tannin in rumen

Therumen bacteriacould degrade gdlic acid, pyrogdlol, phloroglucinol and quercetin
to acetate and butyrate (Krumholz and Bryant, 1986). In the rumina system, HOHN is
converted to HOHN-CoA by the enzymatic action of HOHN-CoA transferase, whichisthen
transformed to acetate and butyrate by the rumen bacteria by the sequentia enzymatic action
of b-hydroxybutyryl-CoA dehydrogenase, butyryl-CoA dehydrogenase, acetyl-CoA acetyl
transferase, enoyl-CoA hydrase, phosphate acetyltransferase and acetate kinase (Krumholz
et al., 1987). Resorcinol is not degraded further by rumina bacteria and is excreted as a
urinary phenolic conjugate (Murdiati et al., 1992). Nelson et al. (1995) observed the
breskdown of tannins, galic acid, pyrogdlal, ferulic acid and p-coumaric acid by rumina
becterid isolate. Snghet al. (2001) observed the sequentia gppearance of gdlic acid, pyrogdlol
and resorcinol in unadapted cattle rumind fluid when incubated in vitro with tannic acid.

Thegdlic acid monomers are readily utilized as substrates by oxidative breakdown to
sample diphatic acids, which then enter the citric acid cycle. Prior to ring cleavage, gdlic acid
is converted to pyrogdlol by gdlate decarboxylase. The aerobic breakdown of flavonoid
compounds derived from CT occurs through two pathways. The first degradation pattern is
marked by the cleavage of the heterocydlic ring of catechin, a flavan-3-al, to phloroglucinol
carboxylic acid and protocatechuic acid (Barz and Hosdl, 1975). Phloroglucinol carboxylic
acid, by decarboxylation of the aromatic rings by various oxygenases, finaly forms b-

ketoadipate, an aliphatic acid, through intermediates like phloroglucinol, resorcinol,
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hydroxyhydroquinone and maloyl acetate. Protocatechuic acid is aso converted to b-
ketoadipate through b -carboxy cis, cismuconate and catechol pathways. Quercetin, aflavonal,
is broken into phloroglucinol and 3, 4- dihydroxyphenyl acetate through the second pathway
of flavonoid degradation. Theformer ends up asb -ketoadipate, whilethelatter isnot degraded
further (William et al ., 1986).

Livestock consuming tannin-rich diets (>55 g CT/kg DM) usualy develop anegetive
nitrogen baance and lose weight and body condition unless supplemented with non-protein
nitrogen, carbohydrate and mineras. Phenolic compoundsa so interact with salivary and mucosa
associated proteins producing astringency which isreflected in reduced feed intakesin grazing
animas. Studies on ferd ruminants (goats, camels) in Audtrdia demondrated resstance in
these animals to tannins, possibly mediated through rumen microbia populations that may
modify or degrade phenolic compounds (Skene and Brooker, 1995). Upon prolonged exposure
to tanniferous diet, some rumen microbes acquire mechanism to ded with tannins. Such
mechanisms include microbid extra-cellular polysaccharide secretions that reduce the effects
of tannins on microbes and production of tannin degrading enzymes (Krause et al., 2005).

Condensed tannins are clearly a “double edged sword” for feeding vaue. They are
not digested by the micro flora (McSweeney et al., 2001) and the carbon skeleton is not
absorbed (Terrill et al., 1994), so high concentrationsof CT reducethe DM potentidly available
for digestion. The CT protects protein from excessve degradation, but can dsoinhibit absorption
of the protected protein. Min et al. (2005) reported agreater affinity between CT and bacteria
cdls than with plant proteins, and cdlulolytic bacteria were affected more than cdlulolytic
fungi.

The compostion of the rumen bacteriad population, determined by fluorescence in
situ hybridization and redl-time PCR (Polymerase Chain Reaction), has been observed to be
affected by feeding young oak leef (Beenguer et al., 2008). A dose dependent negative
effect of feeding tannin containing oak leaves on rumina fermentation of conventiona feeds,
such asthe grass hay, but aso improved fermentation of tannin containing feeds, such asthe
oak leaves in bulls fed moderate quantities of oak leaves, which suggests adaptation of the
rumen microbid populaion. Detrimentd effects indicate that the high leve of tannins in the
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rumen of bulls on the highest dose of oak leaves would have exceeded the capacity of the
microorganismsto resst or detoxify them (Frutoset al., 2004).

2.7. PURINES AND PURINE DERIVATIVES

Purinesare heterocylic ring sructures (nitrogenous bases) with varying functiond groups.
The purine bases, adenine and guanine are found in DNA and RNA. Rumen Microorganisms
have high concentrations of purine containing compounds (RNA and DNA) relative to their
concentrations in plants and mammdian cells. The tota nitrogen present in rumen bacteria,
nucleic acids and proteins comprise 13-19% and 75-85%, respectively (Stangassinger et al .,
1995). The term purine derivatives (PD) refer to the sum of alantoin, uric acid, xanthine and
hypoxanthine. These are the end products of purine metabolism. All the four compounds are
excreted intheurine of sheep, goats, llamas, red deer and camels; but xanthine and hypoxanthine
(sdvagesble PD) are virtudly absent from the urine of caitle, buffaloes and yaks (Chen and
Gomes, 1992).

Mog of existing methodsthat are used to measure microbia protein supply aremicrobid
markers ribonucleic acid (RNA) and di-amino-pimilic acid (DAPA) or isotopes ([sup.35]S,
[sup.15]N, [sup.32] P). Thesetechniquesreguireruminaly and post ruminaly fistulated animals.
Moreover, the processes of utilizing markers or isotopes are complex, tedious and difficult to
practice extensvely, especialy under field conditions (Broderick and Merchen, 1992). Rumen
microorganisms have high concentration of purine containing compounds (RNA and DNA)
and the concentration of these compounds in plants and animad cdlsis negligible. Therefore,
any purines present in digestain the smal intestine are expected to be only of microbid origin
and can be considered to be specific markersfor the microbid fraction. 1t has been suggested
that the estimation of purine derivatives (xanthine, hypoxanthine, dlantoin and uric acid) in
urine could serve as a smple and non-invasve method of measuring the intestine flow of
microbid protein to the anima (Chen et al., 1990; Susmé et al., 1994). Since only urineis
needed, an estimation of microbia protein supply can be incorporated into nitrogen balance
and digedtibility trias without much additiona labour inputs. Appropriate modes for the
estimation of microbia protein supply by urinary purine derivative (PD) excretion have been
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established for European breeds of cettle, however, limited available information suggeststhat
the current prediction models may not be wholly suitable for tropica breeds and need to be
adjusted to improvethe precision of prediction (IAEA, 1997, 2002). The potentia of the spot
urine sampling technique asan dternativeto performatota urine collectionto predict microbid
nitrogen supply has been evauated in crossbred bulls (George et al., 2006).

2.8. EFFECT OF TANNINS ON ANIMAL PERFORMANCES

Since tannin consumption can affect voluntary feed intake and its digestive utilization,
there are likely to be consequences on the productivity of the animas that consume them. It
has been found that CT-containing legumes fed to ruminants markedly reduced rumen gas
production by precipitating the stable forage protein foam and prevent bloat (Chiquetteet al .,
1988).

Barry (1985) observed a sgnificant reduction in the live weight gain of lambs fed L.
pedunculatus (which hasahigh CT content; 76-90 g kg* DM). However, someauthorshave
indicated that the continuous ingestion of tannins might leed to a partid adaptation to these
compoundswith thedisappearanceor a least the attenuation of their harmful effects(Silanikove,
2000). Polyethylene glycol (PEG) isabinding agent able to form complexeswith CT without
interfering with anima digestion (Silanikoveet al., 2001). It has been shown that the supply of
PEG to animds given atanniniferous diet, diminates the effects of CT on meet quaity (Priolo
et al., 2000).

Two problems arise with respect to the use of HT. Though in vitro tests have shown
their efficacy as additives for reducing dietary protein digestion in the rumen, their use runs up
againg the gpparently genera belief that these compounds are toxic to animas (Spier et al.,
1987). However, the consumption of small quantities of HT in soya bean med (20.8 g kg*
DM) by Merino sheep under practicd finishing conditions showed that these compounds
were neither toxic nor had any negative effect on animal performance (Frutos et al ., 2004).

Wang et al. (1996) observed that the grazing of L. corniculatus (34 g CT kg* DM)
reduced feed intake but increased thegainin livewe ght, carcassweight, and dressing proportion,
compared with agroup supplemented with polyethylene glycol (PEG), which bindsto tannins
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and inactivatesthem. Montoss et al. (1996) published smilar results. These authors observed
a 23% improvement in live weight gain when lambs grazed Holcus lanatus (4.2 g CT kg*
DM).

Molan et al. (1999, 2000) have shown that CT extracted from forages had the ability
to inhibit the development of Trichostrongelus colubriformis eggsto infective larvae and to
reduce larva motility. They suggested that the CT-containing forages may have the ability to
bresk thelife cycle of sheep nematodes and reduce the contamination of pasture with infective
larvae. This may reduce dependence on anthedmintic drugs as the main method of controlling
interna paragtesin grazing ruminants.

With respect to theeffect of CT onreproductiveefficiency, Minet al. (1999) observed
that sheep grazing L. corniculatus (17 g CT kg-1 DM) increased their production of lambs
by 25% dueto increased rates of ovulation and a subsequently increased lambing percentage,
possibly related to protein utilization. Prioloet al. (2008) reported that tannin-containing feeds
cause converse effects on meet and milk fatty acid composition, depending on the amounts of
condensed tanninsingested by the animals, while mest colour isevidently paler when condensed
tannins are present in the diet of dairy goats and ewes.

2.8.1. Animal performance

Dietary tanninsgenerdly tend to decrease DMI. Reduced DM isthought to be caused
by the astringent taste and decreased pal atability possibly resulting in food avoidance (Kumar
and Singh, 1984). Many mammals, especialy browsers, are able to produce proline-rich
sdivary proteins (PRP) that are able to bind dietary tannins and inactivate them (Augtin et al .,
1989). Cattle and sheep are devoid of PRP (Makkar, 2003) so the decrease in DMI dueto
adiringent taste mechanism associated with tannins may not occur in sheep and cattle.

Puchdaet al. (2005) reported increased DMI and decreased methane emissonsin
Angora does fed Lespedeza cuneata (CT containing forage) vs. a mixture of Digitaria
ischaemum and Festuca arundinacea. Additiondly, late lactation dairy cows consuming
Lotus corniculatus (CT containing forage) had higher DMI and lower methane per unit milk
solids yiedld compared to cows fed ryegrass silage. Frutos et al. (2004) reported no effect of

Evaluation of tannin degrading bacteria as probiotic in goats for better ...... -34-




Review of Literature....

chestnut HT on DMI and FCR in finishing lambs consuming a high-energy retion (14.2 MJ
GE/kg DM). There are exceptionsto tannin suppression of DMI and in some casesthereisan
increase in DMI due to tannin supplementation (Woodward et al., 2001; Puchaa et al.,
2005; Beauchemin et al., 2007). Beauchemin et al. (2007) reported no adverse effect on
DMI, or ADG in cattle fed 70% forage ration supplemented with quebracho CT.

Krueger et al. (2010) reported that HT and CT supplementation at low levels does
not have detrimenta effects on animal performance or other economicaly important traits and
would make agood candidate for further research on tannin effects of food borne pathogens.

2.8.2. Carcass quality

It has been shown that the supplimentation of PEG to animals given a tanniniferous
diet, diminatesthe effects of CT on meet qudity (Priolo et al., 2000). The diet supplemented
with PEG increased the intengity of meat flavour and this was attributed to an increase in
acaciaintake when animaswerefed the PEG diet (Prioloet al., 2002a). Among meet volatiles,
skatole (3-methylindole) and indole can strongly affect flavor (Bonneau et al ., 1992; Y oung et
al., 1997), because they are associated with afaeca odour (Young and Baumeister, 1999).
Skatole originates from the deamination and decarboxylation of the amino acid tryptophan by
the action of rumind bacteria (Dedandes et al., 2001).

Theway consumers usudly associate meat colour and brightness with mesat freshness
varies according to their cultura background (Prioloet al., 2005). It iswell known that higher
pH vaues produce mest that is darker in colour (Priolo et al., 2001). The mechanisms of
action of CT on meat colour are ill unclear. Few studies have aso investigated the haemétic
parametersin animals fed CT-diets. For instance, blood haemoglobin concentration in lambs
and kids fed a diet containing CT from carob pods (Priolo et al., 2000) or from Prosopis
cineraria (Bhattaet al., 2002), respectively, was lower than that of lambs and kids fed the
same diets supplemented with PEG. In another study, Priolo et al. (2000) found that the
concentration of iron in the blood was not affected by the presence in the diet of condensed

tannins from carob, compared to lambs offered a maize-based dit.
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Frutos et al. (2004) demonstrated no effect of chestnut tannin (HT) on lamb carcass
traits when fed a high-grain diet (730 g barley grain and 130 g soybean meal/kg DM)
supplemented with approximately 0.84 g tannin/kg BW; there was no effect of HT
supplementation on ADG, feed efficiency, and length of finishing period. They aso reported
that weights of empty GIT components, skin and non-carcassfat depotsdid not differ between
control and HT treated finished lambs. Additiondly, chemica compostion of the empty body
weight was not different between control and HT treated lambs. Likewise, Kumar et al.
(2005) reported that feeding high-tannin sorghum to broilers did not affect carcass traits or

proportional weights of viscerd organs.

Schreurs et al. (2008) found that feeding CT-containing foragesto ruminants reduces
the formation of indole and skatolein the rumen by reducing protein degradation and inhibiting
the activities of proteolytic and indole and Skatole forming rumen microbes. Reduction in the
rumen formation of indole and skatole is dependent on the concentration and structure of CT
and forages with a higher CT (70-90 g/lkg DM) concentration tending to be more effective.
The CT isaso likdly to reduce concentrations of other pastora flavour compounds produced
from forage protein fermentation in the rumen. Krueger et al. (2010) reported that there were
no detrimenta effectsof tanninson other offal measured indicating that tannins supplementation
may be aviable option in finishing beef cettle if bactericidd efficacy is established.

Manipulation of rumen microflora gppears to be a promising gpproach that involves
the trandfer of potentid tannin-degrading microbesin the animals and by any meansif we are
able to increase the population of tannin degrading bacteriain the rumen of animals getting
tannin rich diets, it may likely enhance the digestibility of tannin containing feed stuffs by
ruminants. The present sudy aimed at the digestibility of tannin rich feed through microbia
feed additives.

25 &5 25
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The present study was carried out in the Rumen Microbiology Laboratory of Animal
Nutrition Divison a Indian Veterinary Research Ingtitute, 1zatnagar. The whole study was
completed in three phases, viz.

1 Phase | : Isolation and characterization of tannin degrading bacteria from goat rumen

fed on tannin rich diet (oak leaves).

2. Phase Il : Feeding of tannin degrading bacteria as probiotic on rumen fermentation
and microbia ecosystem of goat, and

3. Phase 11 : Feeding of tannin degrading bacteria as probiotic on growth performance
and nutrient utilization in goats fed on oak |eaves based diet.

3.1. ISOLATION AND CHARACTERIZATION OF TANNIN
DEGRADING BACTERIA FROM RUMEN OF GOAT

A medium with the following composition was prepared for enrichment of tannin
degrading bacteria.

3.1.1 Preparation of mineral solutions
1.  Minerd solution | (g/l)

K,HPO, 3.0
2. Minerd solution 11 (g/])
KH,PO, 3.0

(NH,),SO, 6.0
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NaCl 6.0
MgSO, 6.0
CaCl,.2H,0 0.8

Compostion of medium for enrichment of tannin degrading bacteria

Sl. Ingredients Quantity
No.

1 Minera solution- | 75ml

2 Minerd solution - 11 75ml

3 Glucose 0.25¢

4 Cellobiose 0.25¢

5 Soluble garch 0.05g

6 Sodium carbonate 029

7 Cygeine hydrochloride 0.025¢g
8 Sodium aulfide 0.025¢g
9 Clarified rumen fluid 20m
10 Tannic acid solutior? 1% of the media (w/v)
11 Resazurine 01ml
12  Yead extract 0.2¢9
13 Casginacid hydrolysate 0259
14 Didilled Water upto 100 ml

water, filter sterilized using 0.2 4 membrane and made anaerobic by bubbling CO, init for 30
minutes. The required amount of tannic acid was added in the autoclaved media anaerobically

Tannic acid solutior?: Forty percent solution of tannic acid was prepared in distilled

to get afina concentration of 1 % tannic acid.

3.1.2 Preparation of agar vials

anaerobicdly in the vids containing agar under a stream of carbon dioxide. The vias were

stoppered with rubber stopper and sealed with duminium caps, and then autoclaved for 20

0.2 g of agar wasweighed in 200 ml vids. 10 ml of enrichment media was dispensd

minutesat 15 ps pressure. When the mediawas cooled down to about 45°C and the agar ill

exiging in molten gate, filter serilized tannic acid solution was injected into thevid a therate

of 0.25 ml of 40% tannic acid solution per 10 ml of medium.
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3.1.3 Preparation of anaerobic dilution medium

Composition

Minerd solution | 15 ml
Minerd solution 11 15 ml
Resazurine 01g
Sodium bicarbonate 049
Didtilled water 70 ml

The mixture was boiled for 4-5 min and 50 mg of cysteine-hydrochloride was added
toit. CO, wasbubbledtill the mixture became colourless. Nineml of this medium was dispensed
anaerobicaly in tubes and autoclaved at 20 ps for 20 min.

3.1.4 |solation

The rumen liquor was collected from the goats fed on oak leaves Quercus
semecar pifolia) and used for theisolation. The tubeswith enrichment medium wereinocul ated
with the rumen liquor @1% (v/v) and incubated for 48 h at 39°C.

3.1.4.1 Anaerobic plating

0.18 ml of 48 h old enriched culture was dispensed anaerobicaly in the tube containing
9ml of dilution medium (50 times dilution). After sheking thetube, 1.0 ml of the diluted culture
wasdrawninal.0 ml gerilesyringe and transferred into afresh tube containing 9 ml of dilution
medium (500 times dilution). 0.3 ml of findly diluted culture was spread uniformly on the
surface of the agar by gently rotating the vids. The vialswere incubated at 39°C by keeping a
adightly danted postion.

3.1.4.2 Picking up the colonies

At the dgpse of 24 h the isolated colonies on the agar medium were picked up using
gerileinoculating needle under astream of carbon dioxide gas. The colonieswereimmediately
transferred into enrichment medium in the marked Hungate tubes under stream of carbon
dioxide gas and incubated for 24 h a 39°C. Anaerobic plating, colony picking and trans-

inoculations were repegated until a monoculture was obtained.
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3.1.4.3 Maintenance of culturesin Hungate tubes

For maintaining the pure cultures in Hungeate tubes, passaging was done after every

48 h in the medium containing 1% tannic acid (W/v).

3.1.5 Characterizations of the bacterial isolates

3.1.5.1 Morphological examination of theisolates

The individud cultures were subjected to Gram staining and examined under the

microscope. Shape and chain length of the colonies in the various cultures were recorded.

3.15.1.1 Gram staining

1

Crygd violet gain

a) Solution A: 2.0g crysd violet dissolved in 20 ml of ethyl dcohal.

b) Solution B: 0.8 g ammonium oxdate dissolved in 80.0 ml digtilled water.
Solutions A and B was mixed.

Gram'siodine (Lugal’s) : 2.0 g potassum iodide dissolved in 300 ml of distilled water

and then 1.0 g iodine crystals was added.

Safranin: 0.25 g safranin wasdissolved in 10 ml of 95% ethyl acohol and madeup the

volume to 100 mi.

Procedure:

o g A~ w N P

A very thin smear of the culture was made on the dide by using Sterile plagtic loop
The smear was dried and fixed on the dide under the burner flame.

The dide was stained with crystal violet for about 20 sec.

The excess stain was washed with distilled water.

The dide was stained with Gram'’ siodine solution for one minute.

Decolorized the dide with 95% acohol. The time of decolorization depends on the
thickness of the smear the thicker smear required more time than the thinner one.
Decolorization was donetill ethyl acohol washing was colourless

The dide was washed with DW for few seconds to remove acohol completely.

Slide was stained with safranin for 20 sec.
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9. Slide was washed with DW and air dried.

10.  Slide was examined under the microscope under oil immersion. The cdls with violet
colour were Gram positive and the cells with pink colour were Gram negétive.

3.1.5.2 Biochemical characterization

3.1.5.2.1 Carbohydrate utilization test

This experiment was performed to study the sugar utilizetion pattern of the isolated

cultures.

Medium for carbohydrate utilization test (100 ml)

Minera Solution-I 15 ml
Mineral Solution-l1 15ml
Y east extract 0.25¢
Peptone 0.25¢
Sodium Carbonate 04g
Rumen liquor 10 mi
Didtilled water 60 mi
Carbohydrate (specific)* 03g
Cydeine hydrochloride 0.05¢g

*The sugars tested were inulin, xylose, fructose, galactose, lactose, rhmnose, starch, maltose, inositol,
arabinose, glycerol, mannose and sorbitol.

Each culture was inoculated in Hungate tubes containing specific carbohydrate.
I nocul ated tubes contai ning medium without sugar served as control. Thetubeswereincubated
for 24 hours at 39°C and observed visudly for the growth.

3.1.5.2.2 Phenolic monomer tolerance test

Theisolatesweretested for their ability to tolerate different concentrations of phenolic

monomers. For this medium was prepared as follows:
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Minera Solution-I 15 ml
Minerd Solution-I| 15 ml
Y east extract 0.25¢
Peptone 0.25¢
Sodium Carbonate 049
Rumen liquor 10ml
Didtilled water 60ml
Glucose 039
Cydeine hydrochloride 0.05¢

Phenaolic monomer* —

*The phenolic monomers tested were gdlic acid, pyrogdlal, vanillic acid, p-coumaric acid

and ferulic acid at concentrations of 0, 5, 10 and 20 mM.

For preparation of stock solution, calculated amount of different monomers were
taken in clean glass beaker and dissolved in 50% aqueous ethanol using magnetic irrer.
Ferulic acid was dissolved in absolute ethanol. The dissolved monomers solution were filter
sterilized using milipore filter paper in serilized Hungate tube and made anaerobic by CO,
bubbling. The equa volume of phenolic monomer solution was added in autoclaved media,
caculated according to the total mediain the tubes.

The inoculum used in this experiment was from the cultures grown on the enrichment
medium containing 0.3% glucose as a sole source of energy. Each culture was inoculated in
triplicate in Hungate tubes containing the respective phenolic monomer. An uninoculated tube
containing the mediaserved as contral, the tubeswereincubated for 24 h a 39°C and observed
visudly for the growth.

3.1.5.2.3 Tannase Assay

Tannase (tannin acyl hydrolase; EC 3.1.1.20) was assayed by the method based on
chromogen formation between gdlic acid (released by the action of tannase on tannic acid/

Evaluation of tannin degrading bacteria as probiotic in goats for better ...... -42-




Materials and Methods....

methyl gdlate) with rhodanine (2-thio-4-ketothiazoliding) Sharma et al. (2000) with some

modifications.
Reagents:

1. Citrate buffer
2. Subgtrate solution

3. Rhodanine solution
4, 0.5M KOH

0.05M, pH 5.0

Dissolved 18.4 mg of gdllic acid methyl eter (methyl
gdlate, Sigma Aldrich chemicas) in 10 ml of 0.05M
citrate buffer, pH 5.0.
0.667% in methanol.

Dissolve 28.05 gm of Potassum hydroxide pelletsin

one litre of digtilled water.

Enzyme sample (0.25ml) and substrate solution (0.25 ml) were pre-incubated at 30°C

for 10 minutes.

Calibration curvefor gallic acid

For the esimation of galicacid (GA) standard curve, diquotsof GA solution containing

1-20 pug GA were taken.

Reagents

Gdllicacid solution (1 mg /10 ml) for use as tandard was prepared fresh in the extraction

buffer (0.05 M, pH 5.0). Other reagents were same as given above for tannase assay.

Protocol for standard curve of gallic acid

Gdlicadd (ug)  Working stock () Citrate buffer (ul) Fnd volume ()
1 10 490 500
2 20 480 500
4 40 460 500
8 80 420 500
12 120 380 500
16 160 340 500
20 200 300 500
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Procedure:

Aliquoats of gdlic acid solution containing 1-20 pg gdlic acid were taken and the

volume was made to 0.5 ml with citrate buffer. The blank contained 0.5 ml citrate

buffer.

Added 0.3 ml of rhodanine solution to al the tubes and incubated at 30°C for 5 min.

Added 0.2 ml of KOH solution to all the tubes and incubated at 30°C for 2.5 min.

Added 4.0 ml of distilled water to al the tubes and recorded the absorbance at 520

nm againgt blank after 10 min of incubation a 30°C.

The increase in absorbance over blank was used for caculations.

Extraction of enzyme from bacterial isolates

Theisolates were grown in glucose medium containing 5 mM gdlic acid methyl ester
(methyl gallate). The gdlic acid methyl ester was added into media after autoclaved and then

culture were inoculated and incubated for 24 hours. Take 2 ml culture in an eppendorf tube,

centrifuge at 4°C for 5 minutes a 10,000xg and collect the supernatant for enzyme assay.

Protocol for the assay of tannase activity

Blank Test Control
Citrate buffer (ml) 0.25 - -
Subgrate solution (ml) 0.25 0.25 0.25
Enzyme sample (ml) - 0.25 -
Incubation a 30°C for 5 min
Rhodanine solution (ml) 0.3 0.3 0.3
Incubation a 30°C for 5 min
KOH solution (ml) 0.2 0.2 0.2
Incubation at 30°C for 2.5 min
Enzyme sample (ml) - - 0.25
Didilled water (ml) 4.0 4.0 4.0
Incubation at 30°C for 10 min
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Absorbance (OD) wasrecorded againgt distilled water at 520 nm. Theenzyme activity
was caculated from the change in absorbance. Concentration of the unknown sample was

caculated by the standard curve.

DA_ = (A

520

_Ablank) - (A

test control -Abl ank)

Unit of enzyme activity

One unit of enzyme activity was defined as micromoles of gdlic acid formed per
minute. Enzyme activity unitswere converted into nanokata s by the slandard method (Walker,
2000).

Rhaodanin:
i 2-Thio=d-Ketotazolidine |

Tannasc

Mithyl gallute or tanmic acid * Coallic acid

4kaling + Rhodaning
Condiitons

Clviaimoeen 4 Piitk Cololf)

Chemicd dructures of rhodanine, methyl gdlate and formation of chromogen in
the rhodanine assay.

3.1.5.2.4 Biodegradation products of polyphenoles

The ability of the isolates to degrade polyphenols was assessed by thin layer
chromatography. The isolates were grown in the medium containing tannic acid for 0, 12, 24,
48, 72 and 96 h. After incubation the cultures, thin layer chromatography of the culturefiltrates
of inoculated and uninoculated (control) medium was carried out to monitor the degradation

products.

Glassplates (20 x 20) cm were thoroughly washed, dried and findly made grease free
with acetone. A durry was prepared by mixing 50 g silicagd G (10 g for eech plate) in 100 ml
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of didtilled water. The durry wasimmediately transferred to the gpplicator adjusted to 0.2 mm
thickness and spread over the plates, dried at room temperature and the plates were activated
at 110°C for 1 h (Stahl, 1969). Tannic acid, gdlic acid, pyrogallol and resorcinol (Img/ml in
methanol) were used as standards for identification of the metabolites. The standards (10pl
each) and suitable diquots of the culture filtrates (5ul) were spotted on the plate. The plates
were developed in the solvent comprised of chloroform: ethyl acetate: acetic acid (50:50:1).
The solvent was adlowed to evaporate at room temperature and the spots were visuaized by
iodine vapours in an iodine saturated chamber for about 15 minutes (Stahl, 1969; Krumholz
and Bryant, 1986).

3.1.6 Invitro gas production test
3.1.6.1 Preparation of the substrate

Oak leaves were collected from trees and immediately brought to the |aboratory. The
leavesweredried by keeping in hot air oven for severa daysat 55°C. Lower temperature was
used because temperature above 60°C may lead to loss of the phenolic compounds from the
leaves. The dried leaves were findy powdered to lessthan 1 mm sizein ahammer mill. To get
particles of uniform size the powder was filtered through a Seve and kept in labeled plastic

sample box for further use,
3.1.6.2 Rumen liquor collection

Two adult mae Murrah buffal oes (Bubal us bubalis) fixed with permanent figulawere
maintained a Anima Nutrition Sheds, IVRI, |zatnagar. They werewatered and fed individually
on adiet containing wheet straw and concentrate mixture in 1:1 ratio to meet the nutritiond
requirement (NRC, 1989). The concentrate mixture condsted of maize, 32%; solvent extracted
soybean meal, 20%; whegt bran, 45%; mineral mixture, 2% and sdlt, 1%. Rumen liquor was
collected from these buffadoes before feeding (0 h) and was strained through mudin cloth,
pooled and kept under CO, bubbling at 39°C and used asinoculum forin vitro gas production
tests.
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The culture was grown for 24 h in freshly prepared anaerobic mediain vids for live

culture test. The fully grown culture was autoclaved and cool before use for serilized culture

test.

3.1.6.4 Preparation of medium for syringes

Thein vitro gas production test was performed as per Menke and Steingass (1988).

The compostion of the medium used for incubation was as follows.

1 Macro-minerd solution:
Na,HPO,
KH,PO,
MgS0,.7H,0
Didtilled water

2. Micro-minerd solution:
CaCl,. 2H,0
MnCl,. 4H,0
CoCl,. 6H,0
FeCl,. 6H,0
Didtilled water

3. Buffer solution:
NH,HCO,
NaHCO,
Didtilled water

4. Resazurine 0.1% in didtilled water

5. Reducing agent:
NaOH (1N)

NaS. 9H,0
Didtilled water

5.79
6.29
069

up to 1000 mi

1329
10.0g
109
8.0¢

up to 200 ml.

409
35.0¢9
1000 ml.

21ml
293.0mg
47.5ml.
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The incubation medium for 30 syringes was prepared with the following compaosition;

Didtilled water 366.0 ml
Buffer 183.0 ml
Macro-minera solution 183.0 ml
Microminerd solution 0.20 ml
Resazurine 0.96 ml
Reducing agent 375ml
Strained rumen liquor 330.0 ml
Procedure:

Accurately weighed 0.2 g substrate was taken in the graduated 100 ml calibrated
glass syringe (Héberle Labortechnik, Lonsee-Ettenchield, Germany) with the help of along
wooden spatulawith removable stem, so that the sample was put at the bottom of the syringe
without sticking to itswalls. The piston was greased with paraffin soft white LR (S.D. Fine-
Chem Ltd.; M.P. 39-56°C) upto the mark on it and pushed into the barrel of the syringe. For
testing of each bacterid culture (3 ml) three syringeswere prepared a ong with two syringes of
blank (without substrate and culture), and two syringes as standard (maize hay as subgtrate).
All the solutions of the in vitro medium except reducing agent were boiled in aflat bottom
flask for 4-5 min on alow flame to make it oxygen free. It was bubbled with CO, for 10 min
and 37.5 ml of reducing agent was added. When the medium turned colorless, it was cooled
to 39°C and 330 ml rumen liquor was added and mixed with amagnetic stirrer. Then 30 ml of
medium was dispensed in each syringe, which were pre-warmed to 39°C. Capillary silicon
attachments were clamped after careful remova of air bubbles trapped in by gentle shaking
and upward movement of piston. Exact initid volume was recorded (+0.5) and syringes were
placed verticdly in a wooden stand with holes to hold the syringes upright in the incubator
ventilated by fan assisted forced air circulaion at 39°C. The syringes wereincubated for 24 h
with intermittent shaking. At the end of the incubation period (24 h), gas production was
recorded asthe upward movement of piston fromtheinitid reading. Two setsof syringeswere
run Smultaneoudy. One set was used for IV TD and other set for biochemical analysis.
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3.1.6.5 Invitro truedigestibility of substrate (1IVTD)

The content of the syringeswastransferred to spout-less beaker by repeated washing
with 100 ml neutra detergent solution. The flask content was refluxed for 1 h and filtered
through pre-weighed Gooch crucibles (Grade 1). The dry matter content of the residue was
weighed and in vitro true digestibility of feed was cdculated as follows (Van Soest and
Robertson, 1988).

(Initial DM of feed taken for incubation - NDF residue)
Truedigestibility (TD %) = X 100
(Initid DM of feed taken for incubation)

3.1.6.6 Estimation of volatile fatty acids

Egtimation of volatile fatty acids was done using Nucon-5765 gas chromatograph
(AIMIL, New Dehi, India) equipped with a double flame ionization detector and the glass
column (4 ft length and 1/8 inch diameter) packed with chromosorb 101 as per method
described by Cottyn and Boucque (1968). The gasflowsfor nitrogen, hydrogen and air were
30, 30 and 320 ml/min, respectively. Temperature of injector oven, column oven and detector
were 270°C, 172°C and 270°C respectively. Standard VFA mixture was prepared by mixing
stock solutions (each of 25 mg/ml concentration) of standard VFASs and water (acetic acid,
1.68 ml; propionic acid, 0.48 ml; butyric acid, 0.24 ml; digtilled water, 7.24 ml) to obtain fina
concentration of acetic acid, 7.0; propionic acid, 1.62; butyric acid, 0.68 miM/100 ml. Rumen
liquor sampleswere prepared by adding 0.2 ml of 25 % metaphosphoric acid per ml of rumen
liquor, alowingit to stand for 2 hfollowed by centrifugation at 5000 rpm for 20 min. Supernatant
was used for estimation of VFA.

3.1.6.7 Estimation of ammonia nitrogen

Ammonia nitrogen was estimated involving a Smple technique using two reagent-
nitroprusside with phenol and hypochloritewith dkai (Weetherburn, 1967) asoutlined bel ow:
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Reagents:

1 Solution A: 1.0 g phenol was dissolved in 50 ml of didtilled water. 5.0 mg of sodium

nitroprusside was added and volume was made upto 100 ml with distilled weter.

2. Solution B: 0.5 g of sodium hydroxide was dissolved in 50 ml of distilled weter. 0.84
ml of sodium hypochloritewas added and volume was made up to 100 ml with distilled

water.

3. Stock solution of standard ammonium sulphate: 0.048 g of ammonium sulphate was
added in 100 ml of digtilled water.

4. Working standard: 10 ml of stock solution was diluted to 100 ml distilled weter to get
0.01 mg ammonia nitrogen per ml.

5. Tubes were prepared in duplicate for standard curve as follows.

Tube 1* 2 3 4 5 6 7
Didtilled water (ml) 10 09 080 060 040 020 0.00
Standard solution (ml) - 010 020 040 060 080 1.00
Sample - - - - - - -
Ammonia nitrogen (Ug) 0.00 100 200 400 6.00 800 100
Procedure:

To the rumen liquor (suitable quantity), 5.0 ml of solution A was added to which
immediately 5.0 ml of solution B was added and mixed thoroughly. The tubes were incubated
at 39°C for 15 min for colour development. Samples were then read spectrophotometricaly
a 625 nm againg a reagent blank. In a amilar way standard samples (ammonia nitrogen
concentration ranging from 0.5 to 10 ug) were processed and a cdibration curve was plotted.
Concentration of the unknown sample was caculated by the standard curve.
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3.1.7 Phylogenetic analysis of the isolates

Isolation of genomic DNA of the isolates (Modified from Tsai and Olson, 1991 and

Smpson et al., 1999).

Reagents:

1

5X buffer (TrisHCI/EDTA):

Stock solution (200 mM Tris HCI+ 10 mM EDTA; pH 7.0): 15.76 g Tris HCI was

dissolved in 0.8 L dH,0 and pH was adjusted to 7.0 with 5 M NaOH and madeupto 1 L.

After autoclaving used at 1 in 5 dilution with dH,O.

2.

© © N o O

10.

Lysis base (0.15 M NaCl, 1.0 M Na,EDTA):

0.877 g NaCl and 3.722 g Na,EDTA were dissolved in 80 ml of distilled water, pH
was adjusted to 8.0. Volume was made upto 100 ml and autoclaved.

Lysozyme (100mg/ml): smdl diquots were stored at -20°C

Detergent (0.1 M NaCl, 0.5M Tris-HCI and 10% (w/v) SDS):

0.584 g NaCl, 7.88 g TrisHCI and 10 g SDS were dissolved in 80 ml of ditilled
water, pH was adjusted to 8.0. Find volume was made to 100 ml and autoclaved.
PCI: Phenol: Chloroform: Isoamyl acohol mixed in aratio of 25: 24:1

Cl: Chloroform: Isoamyl acohol in 24:1 ratio

Proteinase K: 20 mg/ml

Absolute ethanol

70% ethanol

Nuclease free water

Procedure:

1
2
3.
4

2.0 ml of live culture was taken.

Centrifuged a 14000 xg for 15 min at 4°C.

Washed the pdllet with TrisHCl EDTA buffer.

Pellet was resuspended in 1.0 ml of Lyss base and added 10 ul lysozyme (fina
concentration 1.0 mg/ml) and 5 pl of Proteinase K (find concentration 100 pg/ml).
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11.
12.
13.
14.

15.
16.
17.
18.
19.

20.
21.
22.
23.

24.
25.
26.
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Incubate at 37°C for 30 min with agjtation every 5 minute.

1.0 ml of detergent solution was added.

Incubated at 37°C for 60 min with agjitation every 5 minute.

Splitted the sample into 4 sterilized eppendorfs and

Added 300 pl of PCI to each tube.

Vortexed the eppendorfs and centrifuge at 12,000 xg for 5 min.

Transfered the aguous (upper) phase to a fresh labeled eppendorf.

Add 300 pl of CI (Chloroform: 1soamyl acohol) and vortex.

Centrifuge a 12,000 g for 5 min.

Transfer the agueous phase to a fresh tube. Repeated the steps 13-15 till white layer
at the interphase disappesr.

Measured the final volume of the agueous phase collected.

Added 2.5 volume of 100% ethanol .

Incubated at —20°C for aminimum of 45 min.

Centrifuged a 12,000 xg for 15 min.

Discarded the supernatant by inverting the tube and blot dry on paper, taking care not
to disturbed the pellet.

Added 1.0 ml of 70% ethanol to the pellet and gently pipette up and down.
Incubated at —20°C for aminimum of 45 min.

Centrifuged at 12,000 xg for 15 min.

Discarded the supernatant by inverting the tube and blot dry on paper, taking carenot
to disturbed the pellet.

Repested the 70% ethanol washing.

Leavethe pdlet to ar dry inverted on a paper towd.

Ethanol precipitated DNA pellet was resuspended in 200 pl of nuclease free water
and was stored at —20°C until further use.

3.1.7.1 Quality and concentration of genomic DNA

Horizonta submarine agarose gel eectrophoresiswas performed to check the quality

of genomic DNA using 0.8% gdl. The gdl casting tray was prepared by placing the comb in
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such away that there was agap of 0.5 mm between the tips of the comb teeth and floor of the
cadting tray, so that the wells were completely sealed at bottom by agarose. 0.8% agarose
suspended in 1X TAE buffer was heated until the agarose was completely melted and dissolved
to give a clear transparent solution. After cooling to 60°C, ethidium bromide @ 5 pl/1200 ml
was added and mixed gently. The agarose solution was poured into casting tray and alowed
to cool down a room temperature for the polymerization of gel and the comb was gently
removed. Thus, the gel was ready for eectrophoresis. For loading the samples, 5 pl of DNA
sample was mixed with 2 pl of 6X gel loading dye and the sample was loaded into the well of
agarose gd which was submerged into 1X TAE buffer, 1.0 kb ladder was used as marker.
Electrophoresis was performed at 100V for 30 min. Gel was visualized under UV
translluminator and documented by photography. Only DNA samples showing intact band
and devoid of smearing were used for further analyss. Absorbance of the DNA sampleswas
recorded by nano-drop spectrophotometer at 260 and 280 nm against nuclease free water as
ablank. Thesamplesshowing ratio of 260/280 from 1.8 to 2.0 were used for further processing.

Concentration of genomic DNA was caculated as follows:

Concentration of DNA (ug/ml) = OD,,, x 50 x dilution factor
3.1.7.2 Polymerase chain reaction

The genomic DNA extracted from the isolates were amplified using three different

primers for rumen bacteria. The primers used were,
a) Tannintolerant bacteria

Forward 8FPL f 5 -CGGATCCGCGCCGCTGCAGAGTTTGATCCTGGCTCA G-3
Reverse 1492 r 5 -GGCTCGAGCGGCCGCCCGGGTTACCTTGTTACGACT T-3

(16S rRNA gene, forward primer corresponding to nucleotide position 8-27 and
reverse at 1510 to 1492).

PCR mixture

Amplification was carried out in atherma cycler (Bio-Rad). The reaction mixture and

PCR conditions were as follows.
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Particular

Quentity ()

10x PCR buffer*

MgCL (25 mM )

Forward primer (10 pMol)
Reverse primer (10 pMal)

dNTP (2.5 mM of each dNTP's)
Tag polymerase(1.0 U/ul)

DNA template

BSA

Nuclease free water

Total volume

P N P N DNDN OO

[S 2 N)
o O

PCR conditions:

Step

Temperature (°C) Time (min/se)

A w0 D P

o

Initid denaturation
Denaturation

Anneding

Extenson

Cycle repetition (2 to 4)
Fina extenson

Hold

94
94
55
72
35
72
4

30
30

* decrease temperature by 1°C per cycleto 55°C in 8 cycles (touch-down PCR).

The size of amplified products were assessed by running product(s) on 1.5% agarose
gd with standard DNA ladder (100 bp plus) (Nelson et al., 1998).

b) Tannin degrading bacteria

Foowad TDf 5-GGGTTGCGCTCGTTG CGG GACTTA ACCC-3
Reverse TDr 5-GAGTTT GAT CAT GGC TCA GAT TGA ACG C-3
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PCR mixture:

Particular Quantity (W)

10x PCR buffer*

MgCL (25 mM )

Forward primer (10 pMol)
Reverse primer (10 pMal)

dNTP (2.5 mM of eachdNTP's)
Tag polymerase(1.0 U/ul)

DNA template

BSA

Nuclease free water

Totd volume

P NEFEPDNNDNOTO

a1 W
o O

PCR conditions:

Step Temperature (°C)  Time (Min/sec)

Initid denaturation 94 5
Denaturation 95 1
Anneding 55 1
Extenson 72 15
Cycle repetition (2 to 4) 30 -
5. Find extensgon 72 5
6. Hold 4 ¥

AwbdpE

* decrease temperature by 1°C per cycleto 55°C in 8 cycles (touch-down PCR).

Thesze of amplified products were assessed by running the PCR amplified product(s)
on 1.5% agarose gel electrophoresis with standard DNA ladder (100 bp plus). (Epharim et
al., 2005).

C)  Species specific primer

Species specific manganese dependent superoxide dismutase gene SodA) of

Sreptococcus galolyticus.
Forward SgsodA f 5-CAATGACAATTCACCATGA-3

Reverse SgsodAr 5-TTGGTGCTTTTCCTTGTG-3
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PCR mixture:

Particular Quantity (W)

10x PCR buffer*

MgCL (25 mM )

Forward primer (10 pMol)
Reverse primer (10 pMal)

dNTP (2.5 mM of eachdNTP's)
Tag polymerase(1.0 U/ul)

DNA template

BSA

Nuclease free water

Totd volume

P NEFEPDNNDNOTO

a1 W
o O

PCR conditions:

Step Temperature (°C)  Time (Min/sec)

Initid denaturation 94 5
Denaturation 94 1
Anneding 54 30
Extenson 72 30
Cycle repetition (2 to 4) 30

5. Find extension 72 7
6. Hold 4

N

* decrease temperature by 1°C per cycleto 55°C in 8 cycles (touch-down PCR).
Thesize of amplified products were assessed by running the PCR amplified product(s)

on 1.5% agarose gel eectrophoresis with standard DNA ladder (100 bp). (Sasaki et al.,
2004).

3.1.7.2 Purification of PCR amplified product and sequencing

PCR product run in preparative agarose gel eectrophoresis (1.5%) were excised
using a erile blade and euted from the gd using gel extraction kit (Qiagen, QIAquick gd
extraction kit) following the procedure as per the manual provided with the kit.
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3.2 EFFECT OF FEEDING TANNIN DEGRADING BACTERIA
AS PROBIOTIC ON RUMEN FERMENTATION AND
MICROBIAL ECOSYSTEM OF GOAT

3.2.1 Chemical composition of leaves, feeds and faeces
3.2.1.1 Proximate analysis

The AOAC (1995) methods of analysis were followed for estimation of proximeate

composition, asfollows:
3.2.1.1.1 Dry matter (DM)

Representative sub-samples were welghed in moisture cups and kept inahot ar oven
at 100+£2°C until congtant weight. Dried samples were cooled in desiccators, weighed, and
DM was caculated as follows:

DM (%) = (a/b) X 100
Where,

a= dry weight of sample
b = fresh weight of sample

3.2.1.1.2 Crudeprotein (CP)

Crude protein content of the sample was determined by the standard Kjel dahl method.
One gram of sample was digested with 25 ml concentrated sulfuric acid and 2.5 g digestion
mixture (copper sulfate: sodium sulfatein 1: 9ratio) until it became clear. Volumewas madeto
250 ml with didtilled water by transferring the content of digestion flask to volumetric flask with
severa washingswith ditilled water. 10 ml diquot of digested sampleswasdigtilledinaMicro
Kjeldahl assembly by adding 15 ml of 40% sodium hydroxide solution. Gaseous anmonia
thus released was trapped in 15 ml boric acid containing Tashiro's indicator (10 ml each of
methyl red and bromocresol green solution added to 1000 ml of 2% boric acid). The nitrogen
trapped in boric acid was estimated by titrating it against N/100 sulphuric acid. A blank was
aso run, the vaue of which was subtracted from samplée' s reading. The normdity of acid was
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checked by titrating againgt sodium carbonate using methyl orange as indicator. The crude

protein content was determined as follows:

(B-B,) x0.014 X N XY x 6.25
Crude protein (%) = x 100
XxW

Where,

B = Volume (ml) of N/100 H,SO, consumed for titration of sample

B, = Volume (ml) of N/100 H,SO, consumed for titration of blank distillate
N = Normdlity of N/100 H,SO,

Y = Volume (ml) made out of digested sample

X =Volume (ml) of aiquote taken for didtillation

W = Weight (g) of oven dried sample taken for digestion

6.25 = Factor for converting nitrogen into protein of sample

3.2.1.1.3 Ether extract (EE)

Ether extract was determined by extracting weighed quantity (about 2-3 g) of ground
moisture free sample with petroleum ether (B.P. 60-80°C) in Soxhlet gpparatus for 8-10 h.
The extracted ail in the flask was dried to congtant weight at 100°C. The difference in the
weight of ail flask beforeand after extraction gavetheamount of ether extract and wasexpressed
on DM basis by the formula:

a-b.
Ether Extract (%) = < 100
where,
a =  Waeght of ail flask after extraction
b =  Weght of ail flask before extraction
c =  Waeght of oven dried sample

3.2.1.1.4 Total ash (TA)

Approximately 3-4 g of sample (exactly weighed) was taken in a pre-weighed sllica

basin and decarbonised on heater to make it smoke free. The crucible long with the sample
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was ignited at 600°C for 3 hr. The sample weight remained after ashing was taken astotd ash
and was expressed on DM basis. The percent tota ash was caculated from the following

formula:
Totd Ash (%) = (a—b)/w X 100
Where,

a=weight (g) of slicabasin plus oven dried sample
b =weight (g) of slicabasn plusash
w = weight (g) of oven dried sample

3.2.1.1.5 Organic matter (OM)
Per cent organic metter in the sample was cd culated by deducting per cent TA from 100.
OM % =100-% TA
3.2.1.1.6 Crudefibre(CF)

The fat and moisture free samples were transferred to spoutless beakers of 1.0 litre
capacity marked to 200 ml and refluxed for 30 minuteswith 25 ml each of 204N H,SO, and
2.50 N NaOH and make up the volumeto 200 ml. Therefluxed contentswerefiltered through
mudin dothwith the help of Buchner funnd with suction pump with repeated hot water washings
and trandferred to a clean slica basin with the help of smooth sted spatula. The content of
slica basin was oven dried & 100°C over night and the weight of dried residue aong with
slicabasnwasrecorded. Thedried residue was decarbonised and then ashed in mufflefurnace
a 550°C for 2 hour. The percent crude fibre in the sample was cd culated from the following

formula
Crudefibre (%) = (a—b) /w X 100
Where,

a=weight (g) of dlicabasin plus oven dried resdue |eft after digestion
b =welght (g) of slicabasin plusash
w = weight (g) of oven dried sample
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3.2.1.2 Fiber composition
Fiber composition was determined as per the methods (Van Soest et al., 1991).
3.2.1.2.1 Neutral detergent fiber (NDF)

Onegram ground feed wastaken in aspout less beaker and 100 ml of neutra detergent
solution was added to it. The beaker along with contents was heated to boil and refluxed for
60 min. The contents werefiltered through a pre-weighed Gooch crucible (Grade 1) of 50 ml
cgpacity under vacuumwith 3-4 washingsof hot didtilled water and afind washing with acetone.
The crucibles were dried to a constant weight at 100°C and weighed. Cell wal contents or
NDF was cdculated as follows:

{(Wt. of crucible + Residue) - Wt. of crucible}

NDF (%) = X 100.
Wi. of the sample on DM basis

3.2.1.2.2 Acid detergent fiber (ADF)

One gram ground feed was taken in aspout |ess beaker and 100 ml of acid detergent
solution was added to it. The contents were hested to boil and refluxed for 60 min and filtered
through a pre-weighed Gooch crucible under vacuum with 3-4 washings of hot digtilled water
and afina washing with acetone. The crucibles were dried to a congtant weight at 100°C and
weighed. ADF was calculated asfollows:

{(Wt. of crucible + Residue) - Wt. of crucible}
ADF (%) = x 100.
Wi. of the sample on DM basis

3.2.1.2.3 Hemicellulose
Hemicellulose content of rations was determined by difference of NDF and ADF.
3.2.1.2.4 Acid detergent lignin (ADL)

To aknown quantity of acid detergent residue in a Gooch crucible around 30 ml of
72% sulphuric acid (w/w) was added and stirred with glassrod. The crucibleswerekeptina
glasstray and 72% sulfuric acid was added every thirty minutes and stirred with glass rod so
that dl particles remained submerged in the acid. After 3 h, the contents were filtered under
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vacuum with repeated washings with hot didtilled water. The washings were continued till the
contents were acid free. The crucibles were dried overnight at 100°C, weighed and ignited in
amuffle furnace at 550°C for 3 h. The acid detergent lignin was cdculated as follows:

ADL (%) = (L/S) X100

Where,
L = Loss of weight due to ashing after 72% sulphuric acid trestment
S= Sample weight on DM basis

3.2.1.2.5 Cedllulose

Cellulose content of sample was determined as difference between ADF and ADL.
3.2.1.3 Plant secondary metabolites
3.2.1.31 Tannin

Two grams finely ground sample was extracted with petroleum ether containing 1 %
acetic acid in the Soxhlet apparatus for more than 15 h to make it fat and pigment free.
Residue was dried at 50°C and 10 ml aqueous acetone was added per 0.2 g residuein 20 ml
capacity beaker. Sample was sonicated thrice for 5 min with ice surrounding the besker and
centrifuged a 3000 rpm for 20 min at 4°C. Supernatant was collected and used for the tannin
edimation. Tota phenolicswere estimated first from this supernatant. For Non tannin phenolics
insoluble PVPP (Polyvinylepolypropalidone) 100 mg was added to 1.0 ml tannin extract,
vortexed and kept at 4°C for 15 min. PV PP precipitates tannins. Supernatant containing non
tannin phenolswas collected after centrifugation at 3000 rpm for 10 min. Tota phenol content
in this supernatant was estimated which isnon tannin phenolics. Totd tanninsand hydrolysable

tannins of sample were caculated asfollows,

Tota tannins = Tota phenolics — Non tannin phenolics

Hydrolysable tannin = Tota tannins— Condensed tannins.
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3.2.1.3.2 Edimation of Phenolics
Reagent:

1 Folin Ciocdteu reagent (1IN): Commercidly available Folin-Ciocalteu reagent (2N)
was diluted (1:1) with digtilled water and kept at 4°C.

2. Sodium carbonate: 20%

3. Standard tannic acid solution (0.05%): A freshly prepared solution of tannic acid
(Quaigens Fine Chemicds, India) was used.

Standard Curve Preparation:

For standard curve of tannic acid, different amounts of stock solution of tannic acid
and ditilled water (DW) weretaken in test tubesin duplicate as shown bel ow. Folin-Ciocdteu
reagent 0.5 ml and 20% sodium carbonate reagent (2.5 ml) were added to each tube and kept
at room temperature for 40 min after thorough mixing. Absorbance was recorded a 725 nm.

Treatment TA ol DW F-Creagent  Na,CO, TA conc
(mi) (mi) (mi) (mi) (Hg/ml)

Blank 0.00 1.00 0.5 25 0

S1 0.05 0.95 0.5 2.5 S

S2 0.10 0.90 0.5 2.5 10

S3 0.15 0.85 0.5 25 15

A 0.20 0.80 0.5 2.5 20

S5 0.25 0.75 0.5 2.5 25

S6 0.30 0.70 0.5 2.5 30

For estimation of total phenolicsin sample, suitable supernatant was taken in test tube
and volume was made upto 1.0 ml with distilled water. For estimation of non tannin phenolics
in sample, suitable supernatant after PV PP precipitation was taken in test tube and volume
was made up to 1.0 ml with digtilled water. Samples were processed primarily as standard
tannic acid solution and amount of total phenol was calculated as tannic acid equivadent from

standard curve.
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3.2.1.3.3 Condensed Tannins

Reagents:

1.  Butanol-HCI reagent (Butanol and Hydrochloric acid in 95:5 ratio v/v).
2. Faricreagent: 2 g Ferric ammonium sulphate in 100 ml 2N HCI.

Tannin extract (0.5 ml) was taken in atest tube, butanol-HCI reagent (3.0 ml) and
ferric reagent (0.1 ml) was added to it. The content of the tubes were thoroughly mixed,
covered with glass marbles and put in an oven a 100°C for 60 min. The tubes were cooled
and absorbance was recorded at 550 nm againgt unheated blank containing reagents.
Condensed tannin (% DM) was calculated as leucocyanidin equivalent as:

A, X 78.26X dilution factor

550n

CT (%) =

% DM

Where dilution factor isthe additiond dilution if absorbance exceeded 0.6. When the
extract is from 200 mg samplein 10 ml solvent, DF is 1.0.

3.2.2 Experimental animalsand rumen content collection

Three adult male goats (Capra hircus) with average body weight of 27 £ 2.0 kg fixed
with permanent fisulawere maintained at Anima Nutrition Shed of Indian Veterinary Research
Indtitute, 1zatnagar. It is located at 170 m above sea level (28°22’N and 79°24°E) in the
northern upper gangetic plain, having an annud rainfal of 900-1200 mm. The animals were
fed on a diet containing oak leaves, maize hay and concentrate mixture (concentrate and
roughagein 1:1 ratio). The roughage comprised of oak leaves (40% of totdl DMI) and maize
hay (ad libitum) to meet their maintenancerequirement asper NRC (2007) in 3X 3 switchover
design. Therewerethree trestments, control with no culture and rest of the two were supplied
with autoclaved and live broth culture e the rate of 5% of the body weight daily. The compaosition
of concentrate mixture was crushed maize, 35%; solvent extracted soybean medl, 32%; whest
bran, 30%; mineral mixture, 2% and sdt, 1%. The sun dried oak leaves was offered on dry
meatter bas's after the concentrate mixture. In each phase 21 d feeding was carried out after
which the rumen liquor/content was sampled on 2 consecutive days, & 0, 2, 4, 6 and 8 h post
feeding. Rumen liquor collection was done with the help of specidly designed plastic probe
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with numerous perforationswrapped with nylon cloth. The pH of therumen liquor wasrecorded
a every collection and then the rumen liquor of every collection was pooled day wise and
anima wise. The 0 h and pooled samples were used for estimation of rumen metabolites.
Rumen contents collected at 0 h from different locations of rumen were processed for enzyme
esimation. The rumen contents were squeezed and liquid portion was used for microbid
DNA extraction whichwasused for rumen microbid profileby most probable number technique
(MPN) and by Real time PCR.

3.2.3 Analysisof rumen metabolites, enzymeactivitiesand microbial profile
3.2.3.1 pH

The pH of the SRL was recorded immediately after collection, with an eectronic pH
meter cdibrated againgt standard buffer solutions (Eutech insruments pH buffer solution).

3.2.3.2 Volatilefatty acids

Totd volatile fatty acids and their fractions were estimated as described in section
3.1.6.6.

3.2.3.3 Nitrogen fractions

The rumen liquor samples were andysed for ammonia nitrogen as per Westherburn
(1967) described in section 3.1.6.7. Totd nitrogen and TCA precipitable nitrogen were
estimated by micro Kjeldahl method as described by AOAC (1995). Non protein nitrogen
(NPN) was cal culated as difference between tota nitrogen and TCA precipitable nitrogen of
rumen liquor. For estimation of tota nitrogen in rumen liquor 10 ml of strained rumen liquor
was digested with 20 ml concentrated sulphuric acid and a pinch of digestion mixture in a
Kjeldahl flask. The content of the Kjeldahl flask was transferred to a volumetric flask and
volume was made to 100 ml with didtilled water. 10 ml diquote was didtilled to estimate
nitrogen content asdescribed in section 3.2.1.1.2. For estimation of TCA precipitable nitrogen
inrumen liquor 5.0 ml of SRL wastaken in acentrifugetube, 5.0 ml 20% TCA was added and
left overnight. The tubes were centrifuged at 4000 xg for 15 min. The whole precipitate was
transferred with repeated washings of digtilled water to Kjeldahl flask and digested with 15 ml
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concentrated sulphuric acid and apinch of digestion mixture. The content of the Kjeldahl flask
wastransferred to avolumetric flask and volume was made to 100 ml with distilled water. Ten

ml of aiquot was ditilled to estimate nitrogen content as described in section 3.2.1.1.2.
3.2.3.4 Edtimation of lactic acid
The procedure followed was as per Barker and Summerson (1941).

Reagents:
a.  Copper sulphate, 20% in water
b.  Copper sulphate, 4% in water
c.  Cdcdum hydroxide
d.  Concentrated H,SO,

Sodium hydroxide, 5% in water

o)

f.  p-hydroxydiphenyl reagent: 1.5 g p-hydroxydiphenyl was dissolved in 10 ml of
5% NaOH and 10 ml distilled water. It was warmed with congtant stirring until
dissolved completdly. V olume was made to 100 ml and stored in amber colour
bottle.

g  Stock sandard lactic acid: 0.107 g lithium lactate wastaken in 100 ml volumetric
flask and dissolved in 50 ml DW. Then 0.1 ml of concentrated H,SO, was
added and volume was made up to 100 ml with DW. The solution thus obtained
contains 1.0 mg lactic acid per ml.

h.  Working standard lactic acid solution: 1.0 ml of stock lactic acid solution was
diluted to 100 ml final volume with DW. The diluted standard solution contains
0.01 mg lactic acid per ml.

Procedure:

1. One ml of sample was taken in a centrifuge tube (10 ml capacity).

2. Oneml of 20% copper sulphate solution was added and volume was made to 10 ml
with DW. 1.0 g Ca(OH), was added and tubes were shaken vigoroudly.

3. The tubes were then alowed to stand for 90 min with periodic shaking.

4. The tubes were centrifuged at 3000 rpm for 10 min.
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5. One ml of the supernatant was taken in test tubes in duplicate.

6. 0.05 ml of 4% CuSO, was added to each tube.

7. Then 6.0 ml of concentrated HSO, (AR grade) was added drop by drop with
continuous shaking directly on the top of the liquid.

8. The tubes were kept in boiling weater bath for 5 min.

9. After cooling, 0.1 ml p-hydroxydiphenyl reagent was added drop by drop with
immediate and vigorous shaking.

10.  Thetubeswere kept in boiling water bath for 90 sec.

11.  After cooling to room temperature OD was recorded at 560 nm.

For preparation of standard curve, standard lactic acid solutions were taken in tubes
in duplicate as follows and subjected to colour development (steps 5 to 11).

Tube number 1* 2 3 4 5 6

Distilled water (m) 10 09 08 06 04 02
Sand. Ladticaddso. (m) 00 01 02 04 06 08

Lactic acid (ug) 0.0 10 20 40 60 80

Concentration of lactic acid in the sample was obtained by plotting sample OD on the
standard curve and multiplied by 10 to account for dilution made at step 2.

3.2.3.5 Enzyme activities

The enzymes from the rumen contents were extracted as per the method described by
Hrigtov et al. (1999) and Agarwal et al. (2000). 50 g of whole rumen content (WRC) was
collected from therumen at O h feeding. Fiveg of rumen content (RC) was suspended in 25 mi
phosphate buffer (0.1 M, pH 6.8) and 5.0 ml of 0.4% lysozyme solution and 5ml carbon
tetrachloridewere added to it. The suspension wasincubated at 39°C with continuous shaking
for 3 hfollowed by freezing to terminate the reaction. The trested sample was sonicated inice
bath for 6 min a —40 mV using a sonicator (B. Braun Labsonic U model; B. Braun Biotech
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International). The sonicated samples were centrifuged at 17000 rpm for 20 min a 4°C and
clear supernatant was collected for enzyme estimation. Enzyme activity was expressed unit
per 100 g RC. The enzymes were estimated as described below.

3.2.35.1 Carboxymethyl cellulase(b-1, 4-D glucan glucanohydr olase, endoglucanase
EC 3.2.1.4)

Carboxymethyl cellulase activity of the samples was estimated as per (Miller, 1959
and Agarwd et al., 2000). The details of the method followed are outlined below:

Reagents:
1. 0.1M phosphate buffer, pH 6.8

2. Carboxymethyl cellulose (1%): Weight 1.0 g carboxymethyl cellulose [(sodium
carboxymethyl cellulose (Koch-Light Laboratories L td, Colnbrook Bucks, England)]
and mixed in 100 ml digtilled water. Stirred the mixture vigoroudy on magnetic stirrer

to get homogenous viscous solution.
3. Sodium hydroxide (1%0): Dissolved 10 g NaOH in 1000 ml digtilled weter.

4. Colour reagent: Dissolved 10 g DNS in 800 ml of 1% NaOH, added to it 2.0 g
phenol and made the volume to 1000 ml. Sodium sulphite (0.05%) was added just

before use.

5. Rochelle sdt solution (40%): Dissolved 400 g of Rochelle salt (sodium-potassium
tartrate) in distilled water and made volume to 1000 ml.

6. Standard glucose (0.1%): Dissolved 100 mg of glucose (Himedia L aboratories Limited,
India) in digtilled water and made upto 100 ml (should be freshly prepared).

Procedure:

1 For tegt, took 1.0 ml phosphate buffer, 0.5 ml enzyme and 0.5 ml carboxymethyl
cellulose solution in atest tube and mixed well. Incubated the tubes for 1 h a 39°C.

2. For control, the enzyme was denatured by keeping it in boiling water bath for 3 min.
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Mixed 1.0 ml phosphate buffer, 0.5 ml denatured enzyme and 0.5 ml carboxymethyl
cellulose solution in atest tube.

3. Tubes were prepared in duplicate for glucose standard as follows:

Tube number 1* 2 3 4 5 6
Didtilled water (ml) 2.00 1.90 1.80 1.70 1.60 1.50
Stand. glucose soln. (ml) 0.00 0.10 0.20 0.30 0.40 0.50
Glucose conc. (ug) 0.00 100 200 300 400 500
* Reagent blank

4. Added 3.0 ml DNS reagent in dl the tubes.

5. Kept dl the tubes in boiling water bath for 10 min.

6. Added 1.0 ml Rochelle sdt solution in each tube and then cool them to room
temperature.

7. Read absorbance “A” a 575 nm in a spectrophotometer against reagent blank.

8. Prepared standard curve by plotting “A” againgt glucose concentration.

Calculations;

Change in absorbance ?A =“A” test - “A” control
Read ?A on the calibration curve to get the pg glucose rel eased.
Enzyme activity Unitsml = pmol glucosefmin/ml = g glucose/ T x Sx 180

Where,
T =time of incubation (30 min).
S = volume of sample (0.5 ml)
180 = molecular weight of glucose.

3.2.3.5.2 Xylanase (1, 4-b-xylan xylano hydrolase; Endo-1, 4-b-xylanase; EC 3.2.1.8)

The procedure for estimation of xylanase activity was Smilar to that of endoglucanase
with the following differences.
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1. 0.25% xylan : Sugpend 0.25 g xylan (from oat spelt) (Sigma Chemicd Co., &. Louis,
USA) (Miller, 1959) in 200 ml digtilled water and hegt it & 70°C for 20 min. Centrifuge
it at 3000 xg for 5 min. Use the supernatant as substrate.

2. Standard D-xylose (0.1%): Dissolved 100 mg of xylose (Sigma Chemica Company,
USA) in digtilled water and make up to 100 ml.

3. Assay mixture contains 1 ml phosphate buffer, 0.5 ml sample and 0.5 ml xylan solution.
4. Incubation time, 30 min.

5. Tubes were prepared in duplicate for standard curve as follows.

Tube number 1* 2 3 4 5 6
Didtilled water (ml) 2.00 1.70 1.40 1.10 0.80 0.50
Stand. xylose soln. (ml) 0.00 0.20 0.30 0.40 0.50 0.60
Xylose conc. (ug) 0.00 200 300 400 500 600
* Reagent blank

6.  Enzymeactivity Unitsml = pmol xylosefmin/ml = pug xylose/ T x Sx 150

Where,
150 = molecular weight of xylose

3.2.3.5.3 Protease

The subgrate casain is tagged with azo dye. When azocasain is incubated with the
enzyme sample, protein is hydrolyzed. By adding trichloroacetic acid in the assay mixture,
protein is precipitated and the amino acids (releesing equiva ent azo dyefree) produced by the
hydrolyss remain in the solution. Therefore, the color intengty of the dye in the solution after
precipitation is equivaent to the amount of protein hydrolyzed.

Reagents:

1 Phosphate buffer 0.1M, pH 6.8
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2. Azocasain 0.5%: Dissolved 0.5 g azocasain in a minimum volume of IN NaOH and
adjust pH to 7.4 by adding IN HCl. Make up the volume to 100 ml with buffer.
1IN NaOH

4, TCA 20%

Procedure:
1 For test take 1.0 ml buffer, 0.5 ml azocasein solution and 0.5 ml samplein atest tube
and incubate for 2 h a 39°C.

2. For control, mix 1.0 ml buffer, 0.5 ml denatured enzyme sample and 0.5 ml azocasein
solution.

3. Added 2.0 ml 20% TCA solution and alow to stand for 2 h a room temperature.

4, Centrifuged at 5000 rpm for 10 minutes.

5. Take 2.0 ml supernatant and added to it 2.0 ml 1N NaOH

6. Prepare tubes in duplicate for standard curve as follows.

Tube number 1* 2 3 4 5 6

Didtilled water (ml) 2.00 1.98 1.96 1.94 1.92 1.90

Azocasain soln. (ml) 0.00 0.02 0.04 0.06 0.08 0.10

Azocasan conc. (Ug) 0.00 100 200 300 400 500

1IN NaOH (ml) 2.00 2.00 2.00 2.00 2.00 2.00

*Reagent blank

7. Read absorbance at 450 nm against reagent blank and cal culate the enzyme activity as

follows
Enzyme activity (units) = pugprotein hydrolyzed/min/ml =pg protein hydrolyzed/ T x S
3.2.3.5.4 Tannase (tannin acyl hydrolase; EC 3.1.1.20)

The rumen liquor collected at 0 h was centrifuged at 4°C for 5 min at 10,000 xg and
the supernatant was collected for the enzyme assay. The enzyme activity was measured as
described in section 3.1.5.2.3.
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3.2.3.5.5 Protein estimation

The protein content of enzyme samples was estimated as per method described by
Lowry et al. (1951). The details of the method are as follows:

Reagents:

Standard solution of bovine serum abumin (0.06%) in digtilled water.
Trichloroacetic acid (TCA) 20% solution in distilled water

Solution A: 2.0 g sodium carbonate dissolved in 100 ml of 0.1 N NaOH.

Solution B: 1.0 g sodium-potassium tartrate dissolved in 100 ml distilled water. 0.5 g
copper sulphate was added to it and kept overnight. Then the solution wasfiltered to

A WD P

remove the precipitate.

Solution C: 50 ml of solution A and 1.0 ml of solution B were mixed just before use.
Solution D: 1.0 ml of Folin and Ciocdteu's phenol reagent and 2.0 ml of distilled
water were mixed just before use.

Procedure:
Protein precipitation:

1.0 ml Sample and 1.0 ml TCA solution were mixed.

The tubes were incubated for 1 h at room temperature.

The tubes were centrifuged at 10,000 rpm for 10 min.

The precipitate was collected and dissolved in 1.0 ml of IN NaOH and used for

protein estimation.

A wWw DN P

Egtimation of protein:

1 0.1 ml sample and 0.4 ml distilled water were taken in atest tube in duplicate.
2. Standard tubes: Tubes of BSA standard were prepared in duplicate as below:

Tube number 1* 2 3 4 5 6
Didtilled water (ml) 0.50 0.40 0.30 0.20 0.10 0.00
Stand. BSA soln. (ml) 0.00 0.10 0.20 0.30 0.40 0.50
BSA conc. (ug) 0.00 60 120 180 240 300
* Reagent blank
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5.0 ml of solution C was added to al the tubesand left for 20 min a room temperature.
0.5 ml of solution D was added and mixed immediately.
After 10 min absorbance was recorded against reagent blank at 600 nm.

o a0 k~ w

Standard curvewas prepared by plotting absorbance against concentration of standard

BSA solutions.

7. Protein concentration of sample was caculated by plotting the absorbance of sample
on the standard graph.

3.2.3.6 Enumeration of microbesin rumen

3.2.3.6.1 Most probable number technique (M PN)

Themicrobid profilewas donein three animals of each group and for two consecutive
days. Rumen contents from the goatswere collected at 0 h of feeding. 20 g rumen content was
weighed in a sterilized beaker and was transferred to a pre-gassed mixer-grinder containing
180 ml of anaerobic dilution medium. The mixture was thoroughly churned for 3 min under
carbon dioxide to didodge microbes from feed particles. The dilution of the contents thus
obtained was marked as 10-1. Oneml of diluted samplewastaken into dilution tube (containing
9 ml of serilized anaerobic dilution fluid) to make the dilution 102, Likewise serid dilutions
were made up to 102, The tubes containing different media were inoculated in the following

manner.

Thedilutionrangewasfrom 10-8 to 102 and 10 to 106 for totd bacteria, tannin degrading/
tolerating bacterid and fungd count, respectively. Each dilution wasin 3 replicates. Uninoculated
control tubes were kept in triplicate. All tubes were incubated at 39°C for two weeks. After 2
weeks pH was recorded and a pH decrease of > 0.3 as compared to control was considered as
positive Three consecutivedilutionswere sdected in such away that the maximum dilution contained
negative tubes dso. Number of cdlswere caculated from MPN table.

3.2.3.6.1.1 Composition of medium used for MPN count

Preparation of solutions:

1.  Minerd solution | and Il (g/l) was prepared as described in section 3.1.1.
2. Resazurine 0.1 %: 0.1 g in 100 ml digtilled water
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3. Hemin 0.1 %: 0.1 9 hemin in 100 ml mixture of ethanol and 0.05 N NaOH in 1: 1
ratio.

4. VFA mixture: Acetic acid, 17 ml; propionic acid, 6.0 ml; Butyric acid, 4.0 ml; 1so-
butyric acid, 1.0 ml; Vderic acid, 1.0 ml and Iso-vaeric acid 1.0 ml .

5. Antibiotic solution: Chloramphenicol, 140 mg; Streptomycin, 119 mg; Ciprofloxacin,
140 mg and distilled water 100 ml.

Dilution medium:
The preparation of anaerobic dilution medium was described in section 3.1.3.

Compostion of medium for total bacteria (per 100 ml)

Minera solution | 15ml
Minerd solution 11 15 ml
Glucose 01g
Xylose 01g
Cdlobiose 01g
Maltose 0.1g
Sodium carbonate 04¢g
Claified rumen liquor 40 ml
Resazurine solution 0.1 ml
Didtilled water 30 ml
Cysteine-HCI 0.05¢
Compostion of medium for tannin degrading bacteria (per 200 ml)
Minera solution | 15ml
Minerd solution 11 15 ml
Glucose 0.1g
Xylose 01g
Cedlobiose 01g
Maltose 0.1g
Sodium carbonate 04¢g
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Clarified rumen liquor 40 ml
Resazurine solution 01lml
Didtilled water 30ml
Cysteine-HCI 0059

Tannic acid 1% was added in cooled autoclaved media

Compostion of medium for fungal count (per 100 ml)

Minerd solution | 15ml
Minera solution I 15ml
Cellobiose 01g
Maltose 01g
Xylose 01g
Y eadt extract 0.15¢g
Tryptone 0.2g
Sodium carbonate 04g9
Microcrystdline celulose 05¢g
Claified rumen liquor 20ml
Resazurine solution 0.1 ml
VFA solution 04 ml
Hemin solution 0.1 ml
Didtilled water 32ml
Cysteine-HCl 0.05¢

The above media were prepared as described for dilution medium. The pH of the
media was about 6.8 except fungal medium. For total bacteria and tannin degrading/tolerant
bacteria. Seven ml mediawas digpensed anaerobicdly in each tube. The pH of fungd medium
was adjusted to 6.7-6.8 by adding 1IN NaOH before autoclaving. The VFA solution was
added when temperature of media was between 39-40°C. Six ml media was dispensed
anaerobicaly in each tube.

Filter serilize (0.2 ) the antibiotic solution in an autoclaved vid and bubble CO, for
30 min. The antibiotic solution was dispensed anaerobicaly & the rate of 1.0 ml per 6 ml of
autoclaved funga medium.
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3.2.3.7 Counting of Protozoa

The number of protozoa was counted as per the procedure described by Kamra et
al. (1991). For counting protozoa 1.0 ml rumen liquor pipetted with awide orifice pipette was
mixed with 1.0 ml methyl-green formd saline solution (0.06 g methyl green, 0.85 g sodium
chloride, 10 ml formadehyde and 90 ml didtilled water) and dlowed to stand overnight a
room temperature. If necessary, further dilution was done with 30% (v/v) glyceral. Counting
was done in 20 microscopic fields in a haemocytometer counting chamber a a magnification
of 100X and calculated as:

Number of protozoa/ml rumenliquor N = (nx A x D) / (axv)

Where,
n = Average number of cdls/microscopic fidd
A = Areaon dideonwhichthesampleis spread (areaof the cavity of haemocytometer)
D = Dilution of rumen liquor
a= Areaof microscopic field
V = Volume of rumen liquor in the counting chamber
Number of protozoa/ml of sample= N x D x 3919.27

3.2.3.8 Rumen microbial profile

Totd bacteria, fungi, Ruminococcus flavefaciens, Fibrobacter succinogenes and
methanogen populations were assessed by gPCR (Red time PCR) technique and protozoa

by microscopic count as described in section 3.2.3.7.
3.2.3.8.1 Genomic DNA isolation from rumen fluid (IAEA, 2004)

Reagents:

Cédl lyssbuffer: 0.2% SDS (sodium dodecyl sulphate), 100 mM Tris- HCI, 5 mM
EDTA (ethylene diamine tetra acetic acid), 200 mM NaCl. For preparation 0.2 g SDS, 1.58
g TrisHCI, 0.05 g EDTA and 1.17 g NaCl was added to 80 ml of ddH,O with continuous
dtirring until dissolved. pH was adjusted to 8 with 10 N NaOH and find volume was made
with ddH,O to 100 ml.
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Potassium acetate solution: 29.44 g of potassum acetate was dissolved in 70 ml

ddH,O. 11.5 ml glacia acetic acid was added to it and the volume was made to 100 ml with
ddH,O (pH ~5.5-6.0).

Glassmilk: 5.0 g sllicon dioxide (0.5-10 pum diameter; Sigma) was suspended in 50

ml water and centrifuged at 2000 xg for 5 min. The supernatant was discarded and resuspended
in 50 ml water. The pH was adjusted below 7 with 2 pl conc. HCI (silica gets precipitated).
The sediment was left for 2 h and supernatant was discarded. The sedimentation procedure
was repeated twice and then centrifuged at 3000 xg for 5 min. Residua water was removed

with pipette and the dlica pellet was resuspended in 30 ml of 3 M-guanidine isothiocyanate
(pH was kept ~6-6.5).

Procedure:

1

1.5ml rumen liquor wastaken using awide boretip in an eppendorf (2.0 ml) containing
Zirconium glass beads (Biospec ProductsInc.) and was centrifuged for 5min & 14,000
xg at 4°C.

The supernatant was discarded and the pellet was resuspended in 1.0 ml cdl lysis
buffer, 0.1 ml potassum acetate solution and 0.1 ml dH20.

The sample was freezed in liquid nitrogen (-196°C) and thawed in lukewarm water
followed by vigorous vortexing for 2 min. The step was repeated twice.

The sample was centrifuged at 4°C for 15 min a 14000 xg and 0.3 ml of supernatant
was transferred in a new tube. 0.6 ml of glass milk was added to it and mixed the
contents by continuous sheking for 5 min.

The sample was centrifuged at 14000 xg for 1 min and supernatant was discarded.
The pellet was washed with 500 pl of chilled ethanol (70%) followed by centrifugetion
a 10000 xg for 1 min. To remove any resdud ethanal finad spinning was donefor 20
SEC.

Tothepellet 110 pl of sterile dH20 was added and vortexed. Centrifuged at 12,000
xg for 1 min and 100 pl of supernatant was transferred in a sterilized tube.

The concentration of extracted DNA was measured by nano-drop against nuclease
free water as a blank. The samples showing ratio of 260/280 from 1.8 to 2.0 were

used for further processng.
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3.2.3.8.2 Real time PCR (qPCR)

Reagents:
1.
2.
i.
i
i
iv.
V.
3.

Fatinum SYBR Green gPCR Supermix (2X) UDG (Stratagene)
Primers. Gene specific primer sets used (Denman and M cSweeney, 2005).

Totd bacteria: targeting 16S rRNA gene.

f 5- CGG CAACGAGCGCAACCC-3,

r5- CCATTGTAGCACGTGTGTAGCC-3

Fungi: targeting aportion of interna transcribed spacer 1 (ITSL) region for rumen
fungi.

f 5-GAGGAAGTAAAAGTCGTAACAAGGTTTC-3
r5-CAAATTCACAAAGGGTAGGATGATT-3
Ruminococcus flavefaciens:

f 5-CGAACGGAGATAATTTGAGTTTACTTAGG-3
r5-CGGTCTCTGTATGTTATGAGGTATTACC-3
Fibrobacter succinogenes:

f 5-GTTCGGAATTACTGGGCGTAAA-3

r 5-CGCCTGCCCCTGAACTATC-3

Methanogen: targeting mcrA gene for rumen total methanogens.
f5-TTCGGTGGATCDCARAGRGC-3,

r 5-GBARGTCGWAWCCGTAGAATCC-3

Template (10 ng/ul)
Reaction mixture for gPCR reaction was prepared as follows:

Reagents Onereaction () x n
2X Syber green mix 10.0
Forward primer 0.6

Reverse primer 0.6
Template 2.0

Water 6.8

Totd volume 20

n = number of reaction
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The premix was dispensed (20 pil) in duplicatein each well for each samplein 96 well
PCR plate. The plate was sealed and placed in red time therma cycler (Stratagene MX
3000P thermocycler) programmed as follows:

40 cycles Dissociation

95°C 95°C 05"

10 min 30 sec

30 sec 30 sec

4.  Cyclethreshold (Ct) value was recorded for each sample.
Calculation :

Variousmicrobia populationsin the sampleswere andyzed conddering rumen becteria

as ‘house keeping gene’ DCt of the samples were calculated as follows:

DCt = Test Ct — Bacteria Ct
Expresson leve =2 -°¢

3.3 EFFECT OF FEEDING TANNIN DEGRADING BACTERIA
AS PROBIOTIC ON GROWTH PERFORMANCE AND
NUTRIENT UTILIZATION IN GOATS FED ON OAK
LEAVES

3.3.1 Experimental animals

Eighteen growing mae kids of 4-5 months age with average body weight of 9.5+ 1.5
kg were didtributed into three groups of sx animals each on the basis of body weight in a
randomized block design. Kidsweremaintained intheanimal nutrition shed of Indian Veterinary
Research Indtitute, |zatnagar for Ssx months. Prior to initiation of the experimentd trid, animals

were dewormed as per the standard protocol.
3.3.2 Feeding management

The goats were penned individudly in awell ventilated shed with cement floor. The
animas were fed fixed quantity of oak leaves (40% of DMI) and concentrate mixture but ad
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libitumweighed quantity of maize hay. The animaswerefed to meet their nutrient requirement
as per NRC (2007). Concentrate alowance was adjusted in such away that proportion of
concentrate intake did not exceed 50 % of DM and thus the concentrate: roughage ratio was
maintained in al the groups. The concentrate mixture was composed of wheat bran (30%),
maize (35%), solvent extracted soyabean med (32%), mineral mixture (2%) and salt (1%0).
The three treatments were; control without additive and the other two groups were fed on a
diet supplemented with autoclaved and live culture of TDGB 406 (10° cfu/ml) at the rate of
5% of the live weight. Oak leaves and maize hay were offered when the animds finished
concentrate alowance. Fresh and clean drinking water was made avalable ad libitumthrice a
day. Feed intake was observed daly. For growth performance, the animas were weighed
fortnightly up to 135 days. Thefeeding experiment wasfollowed by ametabolismtrid of 10 days
duration with four days adaptation in metabolic cages and 6 days collection to evd uate the effect
of feeding probiotic and oak leaves on nutrient utilization and nitrogen baancein kids.

Group 1 Group 2 Group 3
Control Autoclaved culture Live culture
Number of animals 6 6 6
Feeding schedule Concentrate mixture  Concentrate mixture ~ Concentrate mixture
(NRC, 2007) + Oak leaves + Oak leaves + + Oak leaves
+ Maize hay + Maize hay + + Maize hay +
Autoclaved culture Live culture

3.3.3 Metabolism trial

Theenvironmenta temperature during the metabolism trid was 26 to 36°C with rdlive
humidity of 65 to 80%. Metabolism trid was conducted by placing the animads in specidly
designed metabolic cages with facility for separate collection of faeces and urine. The animas
were kept in metabolic cagesfor 4 days, prior to actua collection of 6 days, to acclimatize the
animds to the new surroundings. Body weight of the animas was recorded before and after

the metaboliam trid.
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3.3.3.1 Feeding and sampling of feeds and residues during metabolism trial

During the metabolism trid weighed quantity of concentrate mixture was offered at
about 9.00 h. When the animal consumed concentrate mixture, weighed quantity of dry oak
leaves was offered and after that weighed quantity of maize hay was offered ad libitum.
Water was offered at 11.00, 16.00 and 20.00 h. Well-mixed representative samples of
concentrate, oak leaves, maize hay offered and resdue left were taken daily in previoudy
tared trays and dried a 100°C for overnight for dry matter estimation. The dried materia
obtained during trid period was pooled anima wise, ground to pass through 1 mm seve and
stored for proximate and fiber andys's as described in section 3.2.1.

3.3.3.2 Collection and sampling of faeces

The faeces voided in 24 h by the individud animd in each group was collected
quantitatively in labeled polythene bags. A representative sample from each animd wastaken
separately in alabeled polythene bag. From the sample, a suitable aliquot was kept (1/10 of
fresh faeces) for drying & 100°Cin ahot air oven for dry matter estimation. Thedried materias
obtained daily were pooled anima wise, ground to pass through 1 mm seve and used for
proximate andysis. A suitable aiquot (1/100 of fresh faeces) was mixed with suitable quantity
of 25% sulphuric acid and preserved for nitrogen estimation in previoudy weighed air-tight
bottle. The weight of the faeces with acid was cdculated by subtracting bottle containing
faeces and acid from empty weight of bottle. A suitable quantity (10 g) of pooled sample was
taken for digestion after thorough mixing and anayzed for nitrogen in faeces as described in
section 3.2.1.

3.3.3.3 Callection and sampling of urine

Urine excreted by the animals was collected in the containers having 20 ml of 20 %
sulphuric acid. The total urine excreted in 24 h was measured and 200 ml of representative
samplewastaken in anarrow mouth stoppered bottle for further processing. A suitablediquot
{2/100 (v/v) of urineexcreted} wastakenfor digestionin duplicatein Kjeldahl flask containing
50 ml of concentrated sulphuric acid and andyzed for nitrogen in urine as described in section
3.2.1. Thesamevolume of urine samplewas stored &t -20°C for purine derivatives estimation

for microbia protein production.
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3.3.4 Estimation of purinederivativesin urine

3.3.4.1 Allantoin

Allantoinin urinewas estimated by the colorimetric method. Urinewasanayzed directly

after filtration (0.22 um Millipore filter) and proper dilution (1:50).

Principle: Allantoin wasestimated using the colorimetric method asdescribed in IAEA-

TECDOC-945 (1997). Inthis procedure, dlantoin wasfirst hydrolyzed under awesk akaline

condition at 100+2°C, to dlantoic acid, which waslater hydrolyzed to ureaand glyoxylic acid
inweek acid condition. The glyoxylic acid reactswith phenylhydrazine hydrochloride to produce
aphenylhydrazone derivative of the acid which formsan ungtable chromophore with potassum

ferricyanide and produce colour. The colour was read at 522 nm.

Reagents:

o a &~ W DN PF

0.5M NaOH

0.01M NaOH

0.5M HCI

0.023M Phenylhydrazine hydrochloride (freshly prepared before use).

0.05M Potassium ferricyanide (freshly prepared before use).

Concentrated hydrochloric acid (11.4N) cooled at -20°C for at least 20 min before
use.

Alcohol bath, 40% (v/v) acohal, kept at -20°C

Allantoin (Sigma): 100 mg/L stock solution of alantoin was prepared. It was diluted
to give working concentrations of 5, 10, 20, 30, 40, 50 and 60 mg/L.

50 mg of dlantoin was weighed and trandferred into 2500 ml volumetric flask. It was
dissolved in about 100 ml of 0.01IM NaOH and volume was made to 500 ml with
digtilled water. The addition of NaOH was only to dissolve dlantoin.

25,5, 10, 15, 20, 25 and 30 ml of stock solution was pipetted into 50 ml volumetric
flask and volume was made up with digtilled water to prepare 50 ml of the working
standards containing 5, 10, 20, 30, 40, 50 and 60 mg allantoir/L, respectively. For
routine andysis, larger volume of stock solution may be prepared.
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[I. Each working standard was stored as smdll diquotsin the freezer. Only the necessary
quantitieswere thawed and any |eftover were discarded. Thiswasto ensurethat fresh
sandards were used for each analysis run.

Preparation beforethe analyss:

1 Alcohoal bath was kept into the freezer overnight.

2 Concentrated HCI was kept in freezer just before the beginning of the anayss.

3. Water bath was switched on.

4 Fresh 50 ml solutions of phenylhydrazine hydrochloride and potassum ferricyanide
were prepared by dissolving 0.166 g and 0.835 g, respectively in distilled water.

Procedure:

The procedurerequired critical timing of thereactions. Thereading of OD of sandards
and samples was made within a shortest possible time, since OD decreased with time. The
colour developed inthe procedureisvery unstable and absorbance hasto betakenimmediately.
Therefore, a atime only 10 samples were analyzed. A set of standards and a blank (using
digtilled water) in duplicate were a so processed.

1.0 ml of sample, standard or ditilled water (blank) were pipetted in 15 ml tubes.
5.0 ml of didtilled water was added.

1.0 ml of 0.5M NaOH was further added and mixed well using avortex mixer.
Tubes were placed in the boiling water bath for 7 min and then cooled in cold water.
1.0 ml of 0.5M HCI was added to bring down pH 2.0 to 3.0.

1.0ml of phenylhydrazine hydrochl oride was added, mixed and tubesweretransferred
in the boiling water bath for exactly 7 min.

7. Tubes were removed from the boiling water bath and placed immediately in theiced
acohol bath for 10-15 min to dow down the reaction by reducing the temperature.

o o k~ wbh PP

The use of dcohol and water mixture was used to achieve a temperature below zero.
8. Then 3.0 ml of conc. HCI (operated in a fume cupboard) and 1 ml of potassum
ferricyanide was added in the tubes in shortest possible time span.
9. Contents were mixed thoroughly and transferred to cuvettes at room temperature.
10.  Absorbance was recorded at 522 nm exactly after 20 min.
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Calculation:

Thestandard curvewaslinear S0 regression between theknown dlantoin concentrations
(X) and the corresponding OD (Y') was used to determine the concentration of test samples

(mglL).
3.3.4.2 Uricacid

Uricacidin urinewas estimated by modified phosphotungstate, end point assay method,
using acommercid kit (Span diagnogtics, Indid). The urine sample was diluted with ditilled
water (1:100) and pH was adjusted to 8.0 using 5 % NaOH.

Principle: In dkaine medium, uric acid in the sample reduces phosphotungstate to
produce tungstate blue colour. Absorbance of coloured compound was measured at 660 nm
andisdirectly proportiond to the amount of uric acid concentrate in sample. Thismethod uses

specid surfactant, which diminates sample deproteinization step,

Uric acid + Phosphotungstat » Tungdate blue colour.
Reagents:

1 Alkaline reagent: Sodium carbonate and Surfactant.

2. Colour reagent: Sodium tungdtate, lithium sulphate and phosphoric acid.
3. Artificid standard (5 mg/dl): Uric acid and stabiliser.

Procedure:

All the reagents of assay were brought to room temperature. Test tubes were labeled
as blank (B), standard (S) and test (urine) (T) and reagents and sample were pipetted into
each test tube as below.

Standard (ul) Tes (U)
Reagent 1 1500 1500
Incubation a 37°C for 5min
Urine sample — 150
Reagent 3 150 -
Reagent 2 1500 1500
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The assay mixture was mixed thoroughly and incubated a room temperature (15
30°C) for 15 min. The absorbance was measured againgt digtilled water as blank. Caculate

the results as per formula given below,
Urinary uric acid (mg/dl) = (Absorbance of test/ Absorbance of standard) X 100
3.3.4.3 Xanthine and hypoxanthine

Principle: In enzymatic method xanthine and hypoxanthine are converted to uric acid
and thus determined as uric acid, which ismonitored by its absorbance at 293 nm. The OD at
293 nm incresses after the enzymétic trestment. The net increase in OD s then used for the
caculation of the amount of uric acid formed based on the uric acid standard curve. Plasma

samples were anayzed after deproteinization while urine samples were analyzed directly.
Reagents:

1. KH,PO, buffer, 0.2M, pH 7.35
2 L- higtidine (4.3 mM)
3. Xanthine oxidase (XO), 25 ul of the solution was added to 3 ml of the buffer.
4 Uric acid
Standards:
Prepared a100 mg/L stock solution of uric acid (added about 100 pl of 0.6 N NaOH

to 1.0 L of the solution to dissolve uric acid). Diluted it to give working concentrations of 2, 4,
6, 8 and 10 mg/L. Stored each working standards as small diquots at -20°C.

Procedure:

1 Pipetted 1.0 ml of sample, standard or blank (distilled water) into the test tubes in
duplicate. Distilled water was used asthe blank. Two setsof the tubeswere prepared.

2. Added 2.5 ml phosphate buffer.
Added 0.35 ml L- higtidine solution. Mixed well.

4. To one s&t, added 150 pl of buffer, to the other set added 150 pl of the XO solution,
mixed well and incubated at 37°C for 60 min.

5. Read OD at 293 nm.
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Standard curve and calculation:

1 The standard curve of uric acid was plotted.
2. Cdculated ? OD for thesamples, i.e. the difference between two setswith and without
XO addition.

3. Calculated the corresponding concentration of uric acid from ?OD based on the
standard curve. The concentration uric acid corresponds to the sum of xanthine and
hypoxanthine present in the samples.

3.3.4.4 Creatinine

Creatininewas esimated in urine samplesby akaine picrate method, usng acommercid
kit (Span Diagnogtics, India). Credtinine in a protein free solution reacts with dkaline picrate
and produces a red coloured complex, which is measured calorimetrically. Diluted 1.0 ml
urine to 25 ml with didtilled water for the analysis of creatinine,

Reagents:

1 Ficric acid

2. Sodium hydroxide, 0.75N

3. Stock crestinine standard, 150 mg%.

4. Working standard: 0.1 ml stock creatinine stlandard was diluted to 10 ml with digtilled

water and mixed well. Working standard was prepared fresh dally.
Procedure:

To deproteinize the sample, 0.5 ml diluted urine sample was added to 0.5 ml didtilled
water and 3.0 ml picric acid in thetest tubes. After thorough mixing thetest tubeswere kept in
a boiling weter beth for one minute. After cooling immediately under the running tap weter.
The test tubes were centrifuged for 10 min a 2000 rpm at room temperature.

Blank (ml) Standard (ml) Test (ml)
Supernatant - - 2
Working standard - 0.5 -
Didtilled water 0.5 - -
Fcric acid 15 15 -
Sodium hydroxide, 0.75N 0.5 0.5 0.5
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The contents were mixed thoroughly and kept at room temperature for 20 minutes.
The absorbance was measured againgt distilled water at 520 nm. If the OD of test exceeds
0.8, the test was repeated after diluting the urine 1:50 or more if necessary and multiplies the
find result.

Calculation:

Urine creatinine (g/L) = { (OD of test - OD of blank) / (OD of std. - OD of blank)} x 0.75

3.3.45 Measurement of target parameters

3.3.45.1 Purinederivatives

PD (mmoal/d) = Allantoin (mmol/d) + Uric acid (mmoal/d) + Xanthine and
hypoxanthine (mmol/d)

3.3.4.5.2 Purinederivatives.creatinine (PDC) index
PDC index = [PD/Creatinineg] x W°-7®

Where, W75 represents the metabolic body weight (kg) of the animal; Purine

derivatives and creatinine concentration (mmol/d) in urine.
3.3.5 Carcass studies

At the end of 135 days of experimentd feeding, dl the goats were daughtered by
Haa method in the daughter house of LPT Divison, IVRI, Izatnagar, after overnight fagting to

asess the carcass and meat characteristics.

3.3.5.1 Carcass characteristics

3.3.5.1.1 Carcass weight

After skinning and evisceration, theweight of hot carcasswastaken. Thiswasexpressed

as a percentage of pre-daughter weight to arrive a dressing percentage.
3.3.5.1.2 Carcasslength

The carcass|ength (cm) was measured from anterior edge of the aitch boneto the mid
point of the junction between the bodies of thelast cervical and first thoracic vertebrae (Y estes
et al., 1975).
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3.3.5.1.3 Empty body weight (EBW)
Weight recorded after deducting gut fill from pre-d aughter weight was noted asEBW.
3.3.5.1.4 Dressing weight

The weight of hot carcass was expressed as percentage of pre-daughter weight as
well as EBW to arrive at dressing percentage.

3.3.5.2 Meat characteristics
3.3.5.2.1 Sampling of muscle

Longissmus dors (LD) muscle from same sde of the carcass from each anima was
deep frozen for organol eptic eva uation of pooled samplesfrom each trestment. The LD muscle
from the other sde of carcass was individualy preserved by deep freezing (-18°C) for the
analyss of chemicd compostion of muscle

3.3.5.2.2 Chemical analysis

Mesat samples were subjected to chemicd analyss for estimation of moisture, fat,
protein and ash on fresh basis as per AOAC (1995) methods.

3.3.5.2.3 Cooking loss

The loss on cooking with (1.5%; w/w) and without salt was expressed as percentage
of rawv muscle weight.

3.3.5.2.4 Organoleptic evaluation

Pooled LD muscle samples from each group were pressure cooked with salt (1.5%;
wi/w) and without salt, and subjected to organoleptic eval uation on eight point Hedonic scae
by apand of 11 semi-trained judges to eva uate gppearance, flavour/taste, juiciness, texture/
tenderness and overal acceptability.

3.4 STATISTICAL ANALYSS

All gatistica andyseswere performed as per standard method (Snedecor and Cochran,
1989) by using SPSS (2003) computer package. For comparison of multiple groups Generdized
Linear model ANOVA procedures and Duncan’s multiple range tests were utilized.

25 25 &
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Results and Discussion

41 |SOLATION AND CHARACTERIZATION OF TANNIN
DEGRADING BACTERIA FROM RUMEN OF GOAT

Tannin degrading bacteria were isolated from the rumen of goats fed oak leavesasa
magor roughage source by performing repeated plating on a medium containing 1% tannic
acid. Therewas good growth of tannin degrading bacteriawith some of them showing clearing
zones (Fig. 1).

Nutrient medium containing precipitated tannin protein complex has been used
previoudy to isolate enteric bacteria capable to degrade/tolerate tannin and tannin protein
complex. Smith and Mackie (2004) used this technique to isolate a rumind bacterium from
goat rumen, S. gallolyticus which was capable of tolerating tannins. McSweeny et al. (1999)
isolated bacteria from rumen of sheep and goats fed C. calothyrsus (3.6% N and 6%
condensad tannins) on agar medium overlaid with either condensed tannin or tannic acid.
Nelson et al. (1995) isolated an anaerobic diplococcoid bacterium able to degrade
hydrolysabletanninsfrom therumind fluid of agoat fed desmodium (Desmodium ovalifolium),
alegume which contained 17% condensed tannins. Recently, Goel and Singh (2007) isolated
tannin protein degrading bacteriafrom unadapted goat fecad samples. Chaudhary et al. (2009)
isolated tannin degrading /tolerating bacteria from the rumen liquor of goat fed on tanninrich
treeleavesby culture enrichment method and phylogenetic andlysisof isolates showed smilarities

with Streptococcus gallolyticus.



Results and Discussion....

4.1.1 Characterization of bacterial isolates

4.1.1.1 Morphological characterization

A total of Sixty two bacteriawere isolated. The shape of al theisolates was coccoid.
Mos of theisolateswere single, diplococc or in 2-12 chain length. All theisolateswere Gram
positive except eighteen isolates (TDGB 2 to TDGB 22) which exhibited Gram negativereaction
where asisolate number TDGB 409, 428, 430 and 433 showed Gram positive cocco- bacilli
of short chain length. Gram postive cocci occurring mainly in long chains of 2-12 becterid
cdls(Table4.1.1and Fig. 2). Brooker et al. (1994) isolated tannin degrading/tolerating bacteria
and dl of them were facultative anaerobes. Singh et al. (2009) isolated tannin tolerant/tannin
degrading bacteria from the rumen of goats fed on pakar leaves as the sole feed and found
mogt of the isolates were Gram positive, single, diplococci or in 2-3 chain length.

4.1.1.2 Biochemical characterization

After screening of Sixty two isolates for their ability to increasein vitro digedtibility of
tannin rich feed, fifteen were sdected and were subjected to biochemica characterization test
viz. sugar utilization, phenolic monomer tolerance, tannic acid tolerance, tannic acid degradation

and tannase activity.
4.1.1.2.1 Sugar utilization test

Thirteen sugars were tested for their utilization by the isolates as energy source. After
24 h incubation the inoculated tubes with individua sugar were compared with the control
(uninoculated). All the fifteen isolates grew in fructose, galactose, lactose, starch, maltose,
glycerol and mannose. The isolates number TDGB 409, 417, 420, 425, 430 and 433 were
ableto utilize dl thirteen sugars (Table 4.1.2) as an energy source. Whereas, isolates number
TDGB 7, 19, 20, 406, 415, 437, 446 and 450 did not utilize inulin, xylose, rhamnose and
inogitol as an energy source. Arabinose was not utilized by isolates TDGB 20,415,437,446
and 450; wheress, sorbitol was utilized by al the isolates except isolates number TDGB 437,
446 and 450 as an energy source. The intensity of growth of different isolatesis presented in
(Table4.1.2). Theintendgty of growth of al theisolateswere maximum with fructose, gaactose,
lactose, starch and mannose except isolate number TDGB 409, 425,428 and 433, respectively
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Table 4.1.1 Gram stainingand cell mor phology of tannin degrading/toler ant bacterial

isolates
I solates No. Cocci Gm +ve Gm - ve Characteristics
TDGB 2 v - v Single, 2-10 cell chain
TDGB 3 4 - 4 Single, 2-10 cdll chain
TDGB 4 v - v Single, 2-8 cdll chain
TDGB 5 v - 4 Single, 2-7 cell chain
TDGB 6 v - v Single, 2-6 cdll chain
TDGB 7 4 - 4 Single, 2-10 cdll chain
TDGB 8 v - v Single, 2-6 cdll chain
TDGB 9 v - 4 Single, 2-7 cell chain
TDGB 10 v - v Single, 2-10 cdll chain
TDGB 11 4 - v Single, 2-8 cdl chain
TDGB 12 v - v Single, 2-12 cdll chain
TDGB 13 4 - v Single, 2-7 cdl chain
TDGB 14 4 - 4 Single, 2-10cdl chain
TDGB 18 4 - v Single, 2-8 cdl chain
TDGB 19 v - v Single, 2-12 cdll chain
TDGB 20 4 - v Single, 2-9 cdl chain
TDGB 21 v - v Single, 2-6 cdll chain
TDGB 22 4 - v Single, 2-8 cdl chain
TDGB 403 4 4 - 2-6 cdl chain
TDGB 404 4 4 - 2-5 cdl chain
TDGB 405 v v 2-10 cell chain
TDGB 406 v v - 2-12 cell chain
TDGB 407 4 4 - 2-7 cdl chain
TDGB 408 4 4 - 2-5 cdl chain
TDGB 409 Cocco-bacilli 4 - 2-6 cdl chain
TDGB 410 4 4 - 2-8 cdl chain
TDGB 411 4 4 - 2-10 cdl chain
TDGB 412 4 4 - 2-12 cdl chain
TDGB 413 4 4 - 2-15 cdl chain
TDGB 414 4 4 - 2-6 cdl chain
TDGB 415 4 4 - 2-6 cdl chain
TDGB 416 4 4 - 2-6 cdll chain
TDGB 417 4 4 - 2-8 cdl chain
TDGB 418 4 4 - 2-10 cdl chain
TDGB 419 4 4 - 2-11 cdl chain
TDGB 420 4 4 - 2-11 cdl chain




Table4.1.1 Contd....

I solates No. Cocci Gm +ve Characteristics
TDGB 421 4 4 2-8 cdl chain
TDGB 422 4 4 2-18 cdll chain
TDGB 423 v v 2-10 cell chain
TDGB 424 v v 2-6 cell chain
TDGB 425 4 4 2-8 cdl chain
TDGB 426 4 4 2-5¢cdll chain
TDGB 427 v v 2-6 cell chain
TDGB 428 Cocco-becilli 4 2-5 cdl chain
TDGB 429 4 4 2-6 cdl chain
TDGB 430 Cocco-bacilli v 2-7 cell chain
TDGB 432 4 4 2-14 cdll chain
TDGB 433 Cocco-bacilli 4 2-5 cdl chain
TDGB 434 v v 2-6 cell chain
TDGB 435 4 4 2-10 cdl chain
TDGB 436 4 4 2-12 cdll chain
TDGB 437 4 4 2-5 cdl chain
TDGB 438 4 4 2-6 cdl chain
TDGB 439 v v 2-8 cell chain
TDGB 440 4 4 2-15 cdll chain
TDGB 441 4 4 2-11 cdl chan
TDGB 443 v v 2-6 cell chain
TDGB 446 4 4 2-10 cdl chain
TDGB 447 4 4 2-12 cdl chain
TDGB 448 v v 2-5 cell chain
TDGB 450 4 4 2-6 cdl chain
TDGB 453 4 4 2-6 cdl chain
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Gram -ve

Fig. 2 : Gram’s staining slide of pureisolate



Results and Discussion....

which showed moderate growth. All the isolates showed minimum growth with glycerol and
sorbitol while moderate growth with matose.

Our results on the morphologica characteristics and sugar utilization test are having
similarity to those reported by Nelson et al. (1995). Ther isolates were adso diplococci and
utilized glucose, fructose, arabinose, sucrose, gaactose, cellobiose, and soluble starch asenergy
source. The tannin degrading bacteria isolate from fera goats named as S caprinus also
showed smilar sugar utilization pattern (Brooker et al., 1994). Singh et al. (2009) also
demonstrated utilization of glucose, cellobiose, gaactose, fructose, starch and sucrose except

rhamnose as an energy source by the tannin degrading bacteriaisolated from the goats.
4.1.1.2.2 Phenolic monomer tolerance test

All the fifteen isolates grew in the presence of pyrogdlol and gdlic acid upto 20 mM
concentration. Ferulic acid was toxic to al the isolates a 20 mM leve except TDGB 420,
425, 437 and 446, which were able to grow in the presence of ferulic acid but the growth was
very dow (Table 4.1.3). Vanillic acid was tolerated by al the isolates upto 20 mM leve
except by TDGB 433. All the isolates were tolerant to p-coumaric acid upto 20 mM leve
except TDGB 428 and 433. The growth pattern and intengity of theisolatesin the presence of
gdlic acid, pyrogdlol and vanillic acid were found to be amilar at different concentrations of
phenolic monomers (0, 5, 10 and 20 mM). Ferulic acid was most toxic among the phenolic
monomers tested. Among the isolates screened for their tolerance to phenolic monomers,
isolates TDGB 409, 425, 428, 430 and 433 were sengitive to these monomers wheress, rest

were highly tolerant to these monomers (Table 4.1.3).

Nelson et al. (1995) tested ferulic acid, pyrogdlal, gdlic acid and p-coumaric acid
upto 40 mM concentration in the medium and found most of theisolateswere ableto tolerate
gdlic and vannilic acid but they were not able to tolerate ferulic acid and pyrogdlal a the
highest concentration (40 mM). Singh et al. (2009) reported Smilar pattern of tolerance of the
isolates to ferulic acid, pyrogdlol, gdlic acid, p-coumaric acid and vanillic acid upto 20 mM

concentration but pyrogallol was found to be most toxic among them.
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Results and Discussion....

4.1.1.2.3 Tannic acid tolerance test

The different concentrations of tannic acid (0, 1, 3, 6 and 8 percent) were tested. All
thefifteenisolatestol erated tannic acid upto 3% level and none of them wasableto grow inthe
medium contai ning tannic acid higher than 3%. |solate number TDGB 409, 425, 428, 430 and
433 were less tolerant to tannic acid as compared to others (Table 4.1.4). McSweeny et al.
(2001) reported that different groups of microbes have different toleranceto tannin. Nelson et
al. (1995) observed an increasein the chain formation of an anaerobic diplococcoid bacterium
at aconcentration of 4 g/l tannic acidin the medium and areduction in cell Sze at aconcentration
of 8 g/l. God et al. (2005) reported tannin degrading isolates of Streptococcus spp. from
rumen of non-adaptive cattle were able to tolerate tannic acid upto alevd of 50 g/l and they
found a 10-20 fold increase in the chain length of rumina streptococci grown in a medium

containing 4% tannic acid.
4.1.1.2.4 Tannic acid degradation and tannase activity

The degradation of tannic acid by tannin degrading pure isolates are presented in
Table 4.1.5 (Fig. 3). All the fifteen isolates were able to degrade tannic acid to pyrogdlol
except isolates TDGB 409, 428, 430 and 433, gdlic acid after 24 h of incubation. None of the
isolates degraded tannic acid to resorcinol even after 96 h of incubation period. Figure showed
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Table 4.1.5 Degradation of tannic acid by tannin degrading bacterial isolates and
tannase activity after 24h incubation

I solates Phenolic monomer Tannase
Gallic acid Pyrogallol Resorcinol  (nmol/min/ml)*
TDGB 7 ) ) ) 58.95
TDGB 19 ) (+) ) 48.09
TDGB 20 ) ) ) 47.75
TDGB 406 Q) (+) ) 4911
TDGB 409 (+) ) ) 31.29
TDGB 415 ) ) ¢) 52.34
TDGB 417 ) (+) ) 72.02
TDGB 420 ) ) ¢) 49.45
TDGB 425 Q) (+) ) 42.32
TDGB 428 (+) ) ) 28.92
TDGB 430 (+) ) ) 30.95
TDGB 433 (+) ¢) ) 29.26
TDGB 437 ) ) ¢) 60.99
TDGB 446 Q) (+) ) 61.33
TDGB 450 ) ) ) 60.31

*nmol/min/ml production of gallic acid; + Product formed; - No product
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Fig. 3: TLC plateshowing degradation product of phenolic monomers

at 24 h incubation period
T : Tannic acid; G : Gallic acid; P : Pyrogallol & R : Recersenol
Number represents bacterial isolate numbers (TDGB)

T G P R 7 19 20 406 409 415 417

Fig. 4 : TLC plate showing degradation product of phenolic monomers
at 96 h incubation period
T : Tannic acid; G : Gallic acid; P : Pyrogallol & R : Recersenol
Number represents bacterial isolate numbers (TDGB)
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Fig.5: TLC plate showing
degradation product of
phenolic monomers by
isolate number TDGB
406 at different
incubation periods
T : Tannic acid; G : Gdlic acid; P
: Pyrogallol; R : Recersenol & C:
Control

® £ Number represents different

incubation periods (h)
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that the intengty of product formation from tannic acid to pyrogdlol a 96 h incubation was
higher. The tannin degrading bacteria TDGB 406 degrades tannic acid to pyrogallol without
intermediate galic acid production at different incubation time (Fig. 5). In present sudy the
anaerobic degradation of tannic acid by al cultures were rapid except TDGB 409, 428, 430
and 433. Production of pyrogallol and not gallate (as detected by thin-layer chromatography)
suggeststhat the intergd late depside linkages and the ester bond between gallate and glucose
are both readily hydrolyzed and gallate decarboxylation takes place rapidly (Fig. 5). Nelson et
al. (1995) proposed pathway for hydrolyzable tannin degradation was given above.

Similar observation by Odenyo and Osuji (1998) were made in three gtrains of a
tannin-tolerating bacterium (Selenomonas sp.) from the rumen of sheep, goat and antelope
that were ether fed or browsed on tanniniferous forages. One of the strains (EAT?2) of this
rumina bacterium could hydrolyse tannic acid to gdlic acid and subsequently to pyrogdlal,
whereastheremaining two strains (ES3 and EG19) were ableto hydrolysetannic acidto gdlic
acid only. Thisindicates that the former strain has gdlate decarboxylase activity, whereasthis
enzymeeactivity islacking in the other two srains. Nelson et al. (1995) detected only pyrogdlol
when tannic acid was incubated with a diplococcoid anaerobic rumind bacterium. Field and
Lettinga (1992) reported pyrogdlol, the monomeric product of breakdown of tannic acid, is
far lesstoxic than the intact hydrolyzable tannin.

Thetannase activity of different isolatesis presented in Table4.1.5. The highest tannase
activity was shown by isolate number TDGB 417 (72.02) and lowest by 428 (28.92 nmoal).
The tannase activity was smilar among isolates TDGB 19, 20, 406, 415, 420 and 425,
respectively. However, isolates TDGB 7, 437, 446 and 450 showed similar tannase activity.
Thetannase activity of isolatesnumber TDGB 409, 428, 430 and 433 werelowest as compared
to other isolates. Tannase catalyses the hydrolysis reaction of the ester bonds present in the
gdlotannins, complex tannins, and gallic acid esters. Tannase activity were observed for the
firgt time in an anaerobic rumina bacterium isolated from goats browsing on tannin-rich
forage (Skene and Brooker, 1995). Tannin degrading bacteriaafter enrichment wereisolated
from unadapted goat faeca samples showed tannase activity in al the isolates, indicating
conversionof tannic acid to galic acid (God et al. 2007). Ephraim et al. (2005) observed the
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bacteriaisolated from some Ethiopian ruminants could partialy or completely hydrolysetannins
to pyrogalol asamgor product of tannic acid and gdlic acid hydrolysis and suggested that
they were able to decarboxylate the phenolics, but not able to cleave the phenalic ring. The
conversion of tanninsto pyrogalol was explained as apossible mechanism of tannin-resistance

and detoxification in Streptococcus caprinus/gallolyticus (Brooker et al., 1999).

Murdiati et al. (1992) showed the sequentid appearance of metabolitesnamely gdlic
acid, pyrogdlol and resorcinol/phloroglucinal after 24, 48 and 72 h of incubation respectively.
Krumholz and Bryant, (1986) reported probable step in decarboxylation of gdlic acid to
pyrogalol which is then isomerized to phloroglucinol by pyrogallol-phloroglucinol isomerase
and findly to acetate and butyrate. Resorcinol isnormaly not degraded in the rumina system
(Krumholz and Bryant, 1988). After accumulation in the rumen it is excreted as resorcinol
glucuronidesand other conjugates (Murdiati et al., 1992). HTshave been reported to undergo
degradation by microbia enzymesin the rumen to form gdlic acid and dlagic acid. Gdlic acid
can then be decarboxylated to pyrogalol and converted to resorcinol and phloroglucinol before
cleavage of the phloroglucinal ring to acetate and butyrate (M cSweeney et al., 2003). Nelson
et al. (1995) observed the breskdown of tannins, gdlic acid, pyrogdlol, ferulic acid and p-
coumaric acid by anove rumind bacterid isolate. Singh et al. (2001) observed the sequentia
gppearance of gdlic acid, pyrogalol and resorcinol in unadapted cattle rumind fluid when

incubated in vitro with tannic acid.
4.1.1.3 Molecular characterization of isolates

Molecular characterization of the isolates was done by using conventional PCR
technique. The genomic DNA extracted from the isolate was amplified usng universa aswell
asgenespecific primersfor rumen bacteria Theaim of using threetypesof primer for amplifying
the gene was made more specific and for finding best result. The phylogenetic andyss of
sequence of 16S rRNA gene (tannin tolerant bacteria, 1500 bp) is presented in Fig. 6. The
sequence was digned with claugta VvV method usng DNA Star software. All theisolates shown
gmilarity with Streptococcus gallolyticus subsp. gallolyticus (Acc. No. EU483247) except
isolate number TDGB 409, 430 and 433 which showed smilarity with Clostridium spp.
(Acc. No. GU139704). The strain TDGB 409 was very close to Clostridium sporogenes
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Fig.6: Agarosegel (1.5%) electrophoresisof PCR productsof theisolates[16S
rRNA gene (8FPL -F/1492 -R)]
LaneM : 100 bp plus DNA ladder; Lane 1: Isolateno. 7; Lane 2 : Isolate no. 20;
Lane 3 : Isolate no. 409; Lane 4 : Isolate no. 420; Lane 5 : Isolate no. 425;
Lane 6 : Isolate no. 428; Lane 7 : Isolate no. 430
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Fig. 7: Agarosegel (1.5%) electrophoresisof PCR productsof theisolates[16S
rRNA gene(TD -F/TD -R)]

LaneM : 100 bp plus DNA ladder; Lane1: Isolateno. 7; Lane2: Isolateno. 19;
Lane 3 : Isolate no. 20; Lane 4 : Isolate no. 406; Lane 5 : Isolate no. 409;
Lane6 : Isolate no. 415; Lane 7 : Isolate no. 417
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Fig.8: Agarose gel (1.5%) electrophoresis of PCR products of the isolates
[Specific gene (sodA -F/sodA -R)]
LaneM : 100 bp plus DNA ladder; Lanel: Isolateno. 7; Lane2: Isolateno. 19;
Lane 3 : Isolate no. 20; Lane 4 : Isolate no. 406; Lane 5 : Isolate no. 415;
Lane6: Isolate no. 417; Lane 7 : Isolate no. 420
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(Acc. No. GU139704) whereas strain TDGB 430 and 433 was close to Clostridium
bifermentans (Acc. No. AB538434). The per cent identity and divergence between different
srainswaspresented in Fig. 6. The strain TDGB 406 shown 100% identity with Streptococcus
gallolyticus subsp. gallolyticus. The phylogenetic andlysis of sequence of 16S rRNA gene
(tannin degrading bacteria, 1200 bp) is presented in Fig. 7. All the isolates shown smilarity
with Streptococcus gall ol yti cus except i solate number TDGB 409, 430 and 433 which showed
amilarity with Clostridium spp. The phylogenetic analysis of sequence of sodA gene
(Streptococcus, 408 bp) ispresented in Fig. 8. All the isolates were amplified with this primer
except TDGB 409, 428, 430 and 433. All the stainswere closeto Sreptococcus gallolyticus
subsp. gallolyticus except strain TDGB 417 and 20 which were close to Streptococcus
bovis (Acc. No. AY 344524). However, none of the strain shown close smilarity with

Sreptococcus pasteurianus (Acc. No. AB457024).

Chaudhary et al. (2009) isolated tannin degrading bacteria from the rumen liquor of
goat fed on tannin rich tree leaves by cuture enrichment method and phylogenetic analyss of
isolates showed smilarities with Streptococcus gallolyticus. Sasaki et al. (2004) evaluated
the use of a PCR-based method for identification of S gallolyticus that uses a primer pair
targeting sodA by usng srains of the S. bovis-S. equines group from our culture collection
with known DNA-DNA homology status. Lindsay et al. (1997) reported that the rRNA
sequencesof S gallolyticusand S. caprinus exhibited 98.3% sequence smilarity inan andyss
of 1,266 nucleotide positions.

4.1.2 IN VITRO GASPRODUCTION TEST
4.1.2.1 Total gasproduction

A total sixty two isolates were tested for their ability to produce gas under invitro
gas production test. Totd gas production (ml/g DM) after 24 hour incubation of oak leaves
with the live and autoclaved culture of bacterid isolates is presented in Table 4.1.6. For
each isolate two sets of syringeswere run smultaneoudy, one set had 24 h old live culture of
theisolate and the other set wasinoculated with autoclaved 24 h old live culture to make the cells
inactive. The autoclaved culture nullified the impact of fermented medium and served as control
for that particular isolate. Maximum gas production was observed in the syringes which were
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inoculated with the live and autoclaved culture (126.8 + 6.18, 126.8 + 1.78) of isolate number
TDGB 448, whereas minimum (50.4 £ 2.66, 54.8 £ 2.37) was with theisolate number TDGB
12 (Table4.1.6). Therewasavariationin gas production among theisolates. Thedataindicated
that the incdlusion of the live culture of the isolates in the incubation medium stimulated reate of
fermentation resulting in higher gas production. The gas production was more with mgority of
thelive cultures as compared to their respective autoclaved cultures. Maximum gas production
wasobservedin live culture TDGB 14 followed by TDGB 4 as compared to autoclaved ones.
The gas produced by isolate number TDGB 18, 406, 410, 416, 419, 428, 432, 433, 438,
441 and 453 were comparable among them followed by TDGB 8, 21, 424, 435, 446 and
447, respectively (Table 4.1.6).

Out of gxty two isolates the best fifteen were selected on the basis of higher in vitro
true digestibility of tannin rich feed (oak leaves). The results of in vitro gas production test of
best fifteenisolates are presented in Table4.1.7. Among theisolates, maximum gas production
was observed with thelive and autoclaved isolate number TDGB 420 (117.0, 114.4), whereas
minimum waswith theisolate number TDGB 19 (78.61, 80.34). However, thereweresgnificant
differences (P<0.05) in gas production among the isolates shown in Table 4.1.7. Among the
fifteen isolates, isolate numbers TDGB 406, 420, 428, 433 and 450 were comparable in gas
production, whereasthe gas production by live culture of theseisolateswere 3.08, 2.35, 4.24,
3.07 and 2.38% higher than autoclaved cultures. The highest gas production (9.18%) was
noticed in live culture of TDGB 446 as compared to autoclaved. Live culture of theisolatesin
theincubation medium slimulated rate of fermentation resulting in higher gas production. Present
sudy showed that theincdlusion of live culturein incubation media, normaly resulted inincreased
in vitro gas production with most of the isolates.

Snghet al. (2009) found that incluson of the live culture in the incubation medium
(with pakar leaves as substrate) resulted higher gas production. Patraet al. (2008) studied the
effect of oak leaves (Quercusincana) rich in tannin contents on in vitro gas production and
reported significant depression in gas production showing adverse effect of tannins on rumen
fermentation. In the present experiment the adverse effect of tannins present in oak leaveswas
nullified by the tannin degrading bacteria which stimulated fermentation rate. Inactivation of
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tannins through PEG binding increases availability of nutrients resulting in increased microbia
activity and gas production (Makkar, 2003).

4.1.2.2 In vitro true digestibility

Theresultsof in vitro true digedtibility of tannin rich feed was determined with dl the
sixty two bacterid isolates to see their ability to degrade oak leaves (Table 4.1.6). The per
cent change in the in vitro true digestibility (IVTD) of oak |leaves was the highest (10.99%)
with the live culture of isolate number TDGB 406 and was the lowest (-10.36%) with the
isolate TDGB 440 over autoclaved culture among the sixty two isolates tested. Only nineteen
live isolates were able to degrade tannin rich feeds which represented 30.64% and the rest of
the isolates (69.36%) were not able to degrade tannin rich feed. Out of sixty two isolates
tested, only fifteen live isolates (24.19%) were found better in in vitro true digestibility of oak
leaves as compared to autoclave culture. IVTD of oak leavesvaried among theisolatesand as
the capability of degradation were different among the isolates, dmost same pattern were
observed in in vitro gas production (Table 4.1.6).

The IVTD results of best fifteen isolates are presented in Table 4.1.7. The IVTD of
oak leaves was the highest (55.61%) with the live culture of isolate number TDGB 406 and
was the lowest (50.16%) with isolate number TDGB 425 as compare to autoclaved cultures
(Table4.1.7). The highest improvement in digestibility was with live culture of isolate number
TDGB 406 (10.99%) and the lowest (1.13%) with TDGB 425 as compare to autoclaved
cultures. Among the isolates the isolate number TDGB 406 was the best in terms of feed
digedtibility showing 10.99% improvement in IV TD of oak leaves (Fig. 15). Theisolate number
TDGB 425 was the poorest in IVTD followed by TDGB 433 and 19.

The results of in vitro digestibility of oak leaves were smilar to that reported by
Makkar et al. (1995) who used PEG to reduce the toxicity of tannins. In our experiments
the detrimenta effect of tanninson invitro dry matter digestibility wasreduced by inclusion
of tannin degrading bacteriain theincubation medium, isolated from the goats (Table 4.1.7).
Chaudhary et al. (2009) reported similar results of IVTD using tannin rich feed (pakar
leaves) as substrate. Rumen bacterid species are able to cleave structural bonds in HT
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molecules, and utilize the degradation products for their own growth. Ammar et al. (2008)
observed higher total gas production and IVTD after 24 h incubation when rumen liquor
from quebracho fed sheep was used. Mlambo et al. (2007) found that when rumen fluid
was from goats fed a mixture of tannin containing tree fruits was used as inoculum, the in
vitro digestibility and fermentation kinetics of tannin containing substrates were improved.
Getachew et al. (2008) reported that the gallic acid which isa precursor of galotannins, did
not exert sgnificant influence on in vitro dry matter digedtibility.

In present study 1VTD vaue was found to be higher with the live cultures of the
Isolates as compared to autoclave culturesindicating that theisol ates of tannin degrading bacteria
nullified the adverse effect of tannin present in the oak leaves upto some extent and isolate
number TDGB 406 was best in the digestion of oak |eaves among fifteen isolates tested.

4.1.2.3 Ammonianitrogen

Theresultson effect of inclusion of tannin degrading bacterid isolatesin the incubation
medium on ammonia production (mg/dl) are presented in Table 4.1.6. The maximum ammonia
nitrogen was recorded (14.10 mg/dl) with the live culture of isolate number TDGB 406 and
wasthelowest (6.94 mg/dl) with theisolate number TDGB 2. Therewas no effect on ammonia
production by live and autoclaved isolates as the vaues were smilar in both autoclaved and
live cultures of the respectiveisolates. The ammoniaproduction by live culture of isolate number
TDGB 8 was maximum (18.12%) as compare to autoclave followed by TDGB 11, 10, 447,
9and5, respectively. Inpresent sudy, 69.35% live culture showed posgitiveammoniaproduction

inin vitro fermentation tes.

The results of ammonia production (mg/dl) of the best fifteen isolates are presented in
Table 4.1.7. The ammoniawas the highest (14.08 mg/dl) with the isolate number TDGB 406
and the lowest (6.94 mg/dl) with the isolate number TDGB 19. The increase per cent in
ammonia was the highest (7.58%) with live culture of isolate TDGB 430 in comprison to
autoclaved culture followed by TDGB 433, 417, 415, 406 and 425, respectively and the
lowest per cent (1.14%) with TDGB 428 (Table 4.1.7). Thelive cultures have shown 73.33%

improvement in ammonia production as compared to autoclave cultures. The resultsindicated
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that theindlusion of the live culturesin the incubation medium stimulated rate of fermentation
resulting in higher gas and due to higher degradation of amino acids more ammonia was
produced. The ammonia was higher with live cultures among the isolates as compared to
autoclaved ones indicating that the isolates of tannin degrading bacteria reduced the adverse
effect of tannin present in the oak leaves to some extent. Among the isolates, TDGB 406 was

the best in terms of ammonia nitrogen production.

McSweeney et al. (1999) reported higher ammoniaproduction dueto hyper anmonia
producing isolates from sheep and goat fed tannin containing shrub legume Calliandra
calothyrsus. In generd, the reduction in protein degradation is associated with a lower
production of ammonia nitrogen and a greater non-ammonia nitrogen flow to the duodenum
(Waghorn, 1996). Many authors have indicated that the principa effects of tanninsin rumina
fermentation include a reduction in proteolyss of dietary protein and subsequently lower
concentrations of ammonia in rumen fluid (Frutos et al., 2004; Mueller-Harvey, 2006).
Getachew et al. (2001) reported the presence of PEG nullified the del eterious effect of tannin
on ammonia nitrogen. In present study increment of ammonia nitrogen in live culture group
indicated that the isolates of tannin degrading bacteria nullified the adverse effect of tannin
present in the oak leaves by increasing their hydrolysis in incubetion medium.

4.1.2.4 Volatilefatty acid

Theresults on volatilefatty acid concentration of invitro sudiesusing oak leavesasa
Subgtrate are presented in Table4.1.7. Themaximum TV FA production (mM/dl) was observed
(4.64) with the live culture TDGB 415 and lowest (3.37) with theisolate number TDGB 446.
The maximum (12.75%) increasein TVFA production by live culture TDGB 425 and lowest
by TDGB 437 (-11.12%) in comparision to respective autoclaved culture. This study showed
that inclusion of live culture of tannin degrading bacteria increased the TVFA production as
compared with autoclaved culture by most of theisolates. The molar proportion of acetic acid,

propionic acid and butyric acid and A:P ratio were different among cultures.

Molar proportion of VFA (%) on in vitro fermentation of oak leaves with various
bacteria isolatesis presented in Table4.1.7. The acetic acid (%) in live culture TDGB 19 was

Evaluation of tannin degrading bacteria as probiotic in goats for better ...... -107-




Table 4.1.6 Effect of inclusion of bacterial isolates on gas, ammonia nitrogen
production and IVTD of oak leaves

I solate No. Gas (ml/g DM) IVTD (%) NH-3 N (mg/dl)
TDGB 2A 940+ 3.20 51.8+0.97 6.84 + 0.09
TDGB 2L 950+ 151 50.6 + 1.00 6.94 + 0.06
TDGB 3 A 1055+ 152 515+ 0.20 723+0.15
TDGB 3L 103.8+ 0.90 483+ 052 740+ 0.23
TDGB 4 A 826+ 7.22 50.0+ 041 6.94 + 0.03
TDGB 4L 1099+ 0.88 499+211 7.15+0.05
TDGB5A 835+ 148 53.3+ 048 7.89+0.19
TDGB 5L 764+ 176 539+ 0.65 8.71+0.06
TDGB 6 A 919+ 468 50.2+0.73 8.36+0.31
TDGB 6L 80.5 + 3.56 499+ 0.87 821+ 0.44
TDGB 7 A 101.7 £ 2.36 486+ 1.05 8.72+0.30
TDGB 7L 945+ 322 50.3+0.31 8.97+0.08
TDGB 8A 958+ 3.20 509+ 2.16 746+ 0.10
TDGB 8L 101.1+ 0.90 488+ 0.53 881+0.23
TDGB9A 940+ 154 53.7+0.90 7.89+0.30
TDGB 9L 89.6 + 2.39 52,7+ 1.70 8.78+0.13
TDGB 10A 102.0+ 0.07 533+121 6.87 + 145
TDGB 10 L 949+535 52.9 + 0.46 7.69+0.21
TDGB 11 A 109.1+1.80 53.6+0.78 7.78 £ 0.39
TDGB 11 L 99.4 + 6.98 52,0+ 1.09 8.98 + 0.07
TDGB 12 A 548+ 2.37 50.8 + 0.42 7.95+ 0.08
TDGB 12 L 50.4 + 2.66 50.5+ 0.49 812+ 0.31
TDGB 13 A 7331442 514+ 046 843+0.19
TDGB 13 L 66.2 + 1.57 50.7 + 0.87 837+0.22
TDGB 14 A 54.8 +12.39 525+ 0.27 857+ 0.15
TDGB 14 L 77.7+231 51.6 + 0.25 831+0.12
TDGB 18 A 778+ 175 519+ 046 828028
TDGB 18 L 813+ 175 51.4+0.08 8.62 + 0.03
TDGB 19A 80.3+3.17 540+ 0.34 7.96 + 0.08
TDGB 19 L 786+ 2.36 55.0 + 0.65 7.88 + 0.06
TDGB 20 A 100.7 £ 4.06 539+ 011 8.06 + 0.02
TDGB 20 L 82.2+0.03 55.1+ 040 820+ 0.08
TDGB 21 A 104.3+3.19 535+ 0.21 8.04+0.12
TDGB 21 L 1104 + 3.84 53.7+0.50 834+0.14
TDGB 22 A 1024+ 1.75 53.7+ 042 8.37+0.02
TDGB 22 L 74.2 + 29.16 540+ 0.63 840+ 0.10
TDGB 403 A 993+154 524+ 0.75 125+ 0.79
TDGB 403 L 984+181 51.2+0.87 12.7+0.27




Table4.1.6 Contd....

I solate No. Gas (ml/g DM) IVTD (%) NH-3 N (mg/dl)
TDGB 404 A 106.5+ 0.90 51.7+0.38 132+ 031
TDGB 404 L 107.2 £ 3.06 515+ 3.37 129+ 0.19
TDGB 405 A 1118+ 356 53.3+0.16 136+ 0.27
TDGB 405 L 1144+ 084 514+ 0.72 132+ 0.40
TDGB 406 A 1109+ 2.38 501+ 1.34 135+ 0.40
TDGB 406 L 114.4 + 356 55.6 + 1.85 14.1 + 0.06
TDGB 407 A 119.7+£ 225 536+0.34 138+0.14
TDGB 407 L 1153+ 150 530+ 1.83 132+0.22
TDGB 408 A 1052+ 0.85 548+ 0.18 9.80+ 0.37
TDGB 408 L 109.6 +£ 3.18 55.2+0.37 10.2 + 0.07
TDGB 409 A 1033+ 264 534+011 10.3+0.06
TDGB 409 L 1024 +1.79 56.9 + 0.62 10.1+ 0.06
TDGB 410 A 106.0 £ 1.53 54.8 + 0.60 101+ 004
TDGB 410 L 107.0+ 233 549+ 0.37 104 +0.18
TDGB 411 A 106.0 £ 5.32 55.0+ 0.68 105+ 0.17
TDGB 411 L 1095+ 4.72 54.6 + 0.20 104 +0.13
TDGB 412 A 1148+ 3.15 551+ 0.50 109+ 024
TDGB 412 L 1165+ 1.50 533+ 0.61 107+ 011
TDGB 413 A 1183+ 091 542+ 051 10.7 £ 0.09
TDGB 413 L 1156 + 2.32 548+ 0.89 10.9 + 0.07
TDGB 414 A 98.0+1.53 510+ 0.32 104 £ 0.25
TDGB 414 L 101.6 £ 0.88 511+ 031 9.70+0.33
TDGB 415 A 101.6 + 0.90 50.7+ 041 10.3£0.36
TDGB 415 L 100.7 £ 0.00 52.6 + 0.46 108+ 0.15
TDGB 416 A 98.9+ 443 50.7+ 1.23 106+ 0.35
TDGB 416 L 1025+ 1.81 49.4 + 0.50 111+012
TDGB 417 A 100.7+ 154 50.7+1.03 110+ 024
TDGB 417 L 100.7 £ 2.65 52,0+ 043 11.7+0.19
TDGB 418 A 1034+ 153 502+1.01 115+ 0.13
TDGB 418 L 1042+ 234 50.7 + 0.49 11.7+0.15
TDGB 419 A 97.6+ 2.36 501+ 041 751+0.16
TDGB 419 L 102.0+ 0.03 492+ 044 7351011
TDGB 420 A 1144+ 1.79 468+ 011 7.66 = 0.20
TDGB 420 L 1171+ 2.36 499+ 0.75 7.91+0.08
TDGB 421 A 1056+ 1.77 51.0+0.65 7.17 £ 0.05
TDGB 421 L 106.4 + 2.29 484 +0.89 744 +0.29
TDGB 422 A 1065+ 2.35 49.0+ 052 7.55+0.18
TDGB 422 L 1055+ 0.85 49.2 £ 0.39 7.08+0.20
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I solate No. Gas (ml/g DM) IVTD (%) NH-3 N (mg/dl)
TDGB 423 A 109.1+234 50.2 + 1.08 719+ 0.04
TDGB 423 L 1109+ 0.89 486 + 0.55 753+ 0.05
TDGB 424 A 874+ 150 471+ 0.05 790+ 021
TDGB 424 L 946+ 176 46.4 + 0.69 842+ 0.27
TDGB 425 A 936+ 232 49.6 £ 0.53 8.25+ 0.06
TDGB 425 L 954+ 154 50.2+ 1.13 8.60 + 0.30
TDGB 426 A 98.1+ 152 51.8 + 0.56 823+ 0.17
TDGB 426 L 100.7+4.04 499+ 091 852 + 0.26
TDGB 427 A 1211+ 0.88 515+ 0.08 859+ 0.03
TDGB 427 L 1193+ 151 495+ 0.83 8.59 + 0.09
TDGB 428 A 1043+ 233 49.2 £ 0.95 8.88+ 0.13
TDGB 428 L 108.7 £ 152 52,0+ 0.39 898+ 0.14
TDGB 429 A 95.4 + 3.06 529+ 0.65 8.02+0.18
TDGB 429 L 946+ 315 51.3+0.55 849+ 0.15
TDGB 430 A 101.6 £ 0.87 501+ 1.24 7.66 + 0.13
TDGB 430 L 1025+ 4.43 538+ 0.61 824 +0.12
TDGB 432 A 1122+ 178 532+ 0.28 811+ 0.26
TDGB 432 L 116.6 + 0.04 51.3+0.32 868+ 0.17
TDGB 433 A 1131 +0.88 533+ 0.4 811+0.13
TDGB 433 L 116.6 + 1.53 54.0+ 0.69 8.71+0.03
TDGB 434 A 114.0+ 153 54.6 +0.19 8.38+0.31
TDGB 434 L 115.7 £ 0.88 549+ 0.18 863+0.11
TDGB 435 A 85.2+231 521+ 0.20 9.65+0.25
TDGB 435 L 915+ 152 52.7+0.28 10.4 + 0.08
TDGB 436 A 90.6 + 0.89 539+ 0.26 9.88 + 0.02
TDGB 436 L 90.6 + 2.35 493+ 054 947+0.14
TDGB 437 A 93.2+0.87 48.8 £ 0.59 100+ 0.18
TDGB 437 L 950+ 1.76 52.7+0.33 9.82+0.19
TDGB 438 A 93.22+0.93 499 + 0.49 9.66 + 0.15
TDGB 438 L 959+ 233 50.1+ 0.95 9.68 + 0.04
TDGB 439 A 97.6+0.88 489+ 0.68 957+0.14
TDGB 439 L 985+ 1.78 52.3+0.69 10.1+0.19
TDGB 440 A 102.1+0.02 50.8 + 1.16 9.74 + 0.09
TDGB 440 L 105.6 +£ 0.88 456+ 0.23 9.72+0.15
TDGB 441 A 1029+ 1.76 50.6 + 0.12 9.88+0.14
TDGB 441 L 1083+ 318 49.8 + 0.40 9.63 + 0.07
TDGB 443 A 102.0+ 3.06 50.0+ 0.81 9.94+0.28
TDGB 443 L 104.7 £ 3.05 452 +0.70 10.1+0.27
TDGB 446 A 959+ 1.74 485+ 021 9.82+0.36
TDGB 446 L 104.7 £ 153 49.6 £ 0.07 9.36+0.14




Table4.1.6 Contd....

I solate No. Gas (ml/g DM) IVTD (%) NH-3 N (mg/dl)
TDGB 447 A 1055+ 467 492 +0.30 8.85+ 045
TDGB 447 L 1144+ 0.88 47.3+0.20 991+0.23
TDGB 448 A 126.8+1.78 51.0+ 0.46 9.56 + 0.19
TDGB 448 L 126.8 + 6.18 49.6 £ 0.30 9.89+0.10
TDGB 450 A 1114+ 153 453+ 0.85 112+ 024
TDGB 450 L 114.0+ 0.02 480+ 0.17 116+ 017
TDGB 453 A 1131+ 351 454+ 0.23 11.3+0.10
TDGB 453 L 1192 + 2.63 457+034 11.8+0.19

A= Autoclave culture; L= Live culture
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Results and Discussion....

highest (78.55%) followed by TDGB 7 and 406 (78.54, 78.42 %), respectively and was
lowest with TDGB 450 (70.99%) followed by TDGB 446 and 437 (71.51, 71.87%). However,
for autoclaved culture the acetic acid was highest with TDGB 7 (79.34%) and lowest with
TDGB 446 (70.21%). The propionic acid (%0) in live culture TDGB 450 was highest (20.58%)
followed by TDGB 420 (20.11 %) and was lowest with TDGB 20 (13.83%) followed by
TDGB 7 (14.76%). However, for autoclaved culture the propionic acid was highest with
TDGB 433 (20.07%) followed by TDGB 409 and 450 (20.07, 19.79 %) and was lowest
with TDGB 7 (14.76%) followed by TDGB 417 and 415 (15.61, 15.63%), respectively. The
butyric acid (%) in live culture TDGB 437 was highest (10.11%) and was lowest with TDGB
406 (4.07%). However, for autoclaved culture the butyric acid (%) was highest with TDGB
446 (11.59%) and was lowest with TDGB 428 (4.94%). The molar proportion of acetate
was Smilar among the treatments. The 46.66% live culture of bacteria isolates showed
decreased acetate to propionate ratio. The acetate to propionate ratio was highest (5.75) with
live culture TDGB 20 and was lowest (3.45) with TDGB 450. The maximum increase in
acetate to propionate ratio waswith live culture TDGB 19 (16.66%0) followed by TDGB 433,
20, 430, 425 and 409 (15.01, 8.14, 8.12, 6.95 and 6.35%), respectively as compared to
autoclaved culture of the respective isolates. Incluson of live bacteria culture reduced the
acetateto propionateratio in most i solateswhileincreased propionate and butyrate production.

Makkar et al. (1995) did not observe any effect on VFA proportion when the toxic
effect of tannin containing feed was diminated by incluson of PEG as an additive, but there
was an increased TVFA production. Getachew et al. (2001) reported the presence of PEG
nullified the deleterious effect of tannin on VFA production. Theinhibitory effect of tanninson
rumind proteolyss, and VFA production are not consstent with different authors (Getachew
et al., 2000; Hervas et al., 2003), probably owing to the amount and type of tannins and/or
the animal speciesinvolved. Interestingly, divergencesin the fermentation pathwayswere aso
observed, reflected in the different molar proportionsof VFA, which might be dueto stimulation
of specific microbiad groups, or by a shift in microbid degradation pathways (Russel and
Wallace, 1997).
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4.2 EFFECT OF FEEDING TANNIN DEGRADING BACTERIA
AS PROBIOTIC ON RUMEN FERMENTATION AND
MICROBIAL ECOSYSTEM OF GOAT

Effect of feeding tannin degrading bacterid isolate TDGB 406 as probiotic on rumen
fermentation pattern and microbia profile of goat fed on oak leaveswas studied. The bacterid
isolate number TDGB 406 was selected for the feeding, sSinceit exhibited the highest tolerance
to phenolic monomers and tannic acid. It improved IVTD of oak leaves sgnificantly.

4.2.1 Chemical composition of feed

The chemica composition of concentrate mixture, oak leaves and maize hay fed tothe
goatsispresentedin Table4.2.1. Total tannin and condensed tannin (CT) content (%, DM) of
oak leaves (Quercus semicarpifolia) are presented in Table 4.2.1. The per cent of tota
tannin phenolics (TTPh), condensed tannins (CT) and hydrolysable tannins (HT) content of
the oak leaves were 9.31, 1.45, and 7.86, respectively. The vaues of hydrolysable tanninsin
oak leaves observed in the present sudy were dightly higher than the vauesreported by other
workers (Anandan and Dey, 2000; Paswan et al., 2008). Sahoo et al. (2004) reported
6.80% tota tannin phenolics (TTPh) and 3.34% CT in oak (Q. incana) leavesfrom mid-hills
of Himachal Pradesh. Paswan et al. (2008) reported that immature oak leaves had higher HT
content such as 5.35% in Banj leaves (Q. leucotricophora) and 7.24% in Kharsun leaves (Q.
semicarpifolia). The CT was highest in mature Banj leaves (3.11%) followed by Kharsun
(1.65%) and was very low inimmature oak leaves (0.68-0.88%). Thelevesof totd tanninsin
plantsvary greetly between species, within species, sages of maturity, location to location and
from year to year (Mehansho et al., 1987). The wide variation in the vaues avalable in
literature might be attributed to al these factors.

4.2.2 Plane of nutrition of fistulated goats

The body weight and plane of nutrition in respect of DMI, OMI and CPl intake is
presented in Table 4.2.2. The average body weight of goats of control, autoclaved (T1) and
live culture fed group (T2) was 28.33, 27.83 and 28.10 kg, respectively. Theintake of DM,
OM and CP (g/lkgwW?°-%) was comparable among the groups. The concentrate to roughage
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Table 4.2.1 Chemical composition of feed (%, DM basis)

Attributes Concentrate mixture Oak leaves Maize hay
DM 91.94 92.05 88,51
oM 90.15 95.66 88.25
CpP 21.09 10.84 752
EE 3.18 5.39 335
CF 6.56 28.64 29.82
NDF 39.05 64.18 51.24
ADF 14.45 45.25 25.61
ADL 1.87 14.34 5.03
Hemi cellulose 24.60 18.93 25.63
Cdlulose 12.58 30.91 20.58
Ash 9.71 381 8.15
Acid insoluble ash 352 0.35 492

Phenolic constituents

Totd phenolics - 1161 -
Totd tannin phenolics - 9.31 -
Non-tannin phenolics - 231 -
Condensed tannins - 145 -

Hydrolysable tannins - 7.86 -




Table4.2.2 Effect of feeding tannin degrading bacterial isolate TDGB 406 on nutrient
intake by fistulated goats

Attributes Control T1 T2 SEM P- Value
Body wt (kg) 2833+301 2783+292 28101318 4.29 0.993
Metabolic body size 1227+100 1210095 1220104 1.407 0.993
Dry matter intake (g/d)

Concentrate mixture 4190+ 314 4030%272 4103+374 45.63 0941
Roughage 490.7+353 4597 +283  477.0+483 54.10 0.852
Total DMI 909.7+ 658 8627555  887.31858 99.22 0.8%6
Dry matter intake (% BW)

Concentrate mixture 149+ 0.05 1.46 +0.06 147 £0.04 0.072 0.915
Roughage 1.75+0.08 1.67 +0.08 1.70 +0.03 0.093 0.707
Total DMI 324+0.12 313+0.14 317 +0.07 0.161 0.805
Dry matter intake (g/kg W°7)

Concentrate mixture 34.23+£021 3340+046  33.67 +0.50 0578 0401
Roughage 4012+ 099 38131072  39.07 +0.89 1.237 0.341
Total DMI 7434+110 7152+116 7274+1.36 1715 0.327
Organic matter intake

g/d 8418+609 79881515 821.3+79.2 91.79 0.898
% of BW 3.03+0.14 2.88 +0.15 294 +0.08 0.182 0.722
o kg Wos 6940+ 129 6594+159 67411143 2039 0.306
Crudeprotein intake

g/d 1392+102 13291876 1360128 1515 0.920
% of BW 0.50+ 0.02 0.48 +0.02 0.49 +0.01 0.024 0.864
o kg Wos 11.37+011 11024016 1116 +0.19 0.220 0.338
Concentrate: roughageratio 1.17+0.03 114 +0.01 1.16 +0.01 0.025 0514

T1= Autoclave culture group; T2= Live culture group



Fig. 16 : Fistulated experimental goat

Fig. 17 : Readymade fistula for goat



Results and Discussion....

ratio of control, T1 and T2 was 1.17, 1.14 and 1.16, respectively. The dry matter intake on
per cent body weight basis was also similar in dl the three groups (Table 4.2.2). Out of the
totd DM, about 50% was through concentrate mixture and the rest was through oak leaves
and maize hay. Theintake of totd tannin phenolics (2.9-3.8%), HT (2.5-3.2%) and CT (0.4
0.6%) of the DMI by goats. The tota tannin phenolic content in the diet was moderate and
withintherange (<5%). Theintake of the DM was comparable among the groupsand addition
of isolate TDGB 406 had no effect on the dry matter intake in fistulated goats. The nutrient
intake was fully met out in dl the groups as per NRC (2007).

4.2.3 Rumen fermentation studies

4.2.3.1 Rumen pH

The rumen pH of control, T1 and T2 groups varied between 5.86 to 6.69, 5.97 to
6.70 and 5.87 to 6.69, respectively. The mean vaue of rumen pH of control, T1 and T2
groups were 6.13, 6.19 and 613, respectively. There was no difference (P>0.05) in the
rumen liquor pH among the groups (Table 4.2.3). Rumen pH waswithin norma rangeindicating
that feeding of isolate TDGB 406 and tannin rich feed had no effect on rumen environment.
Rumen pH dropped drastically at 2 h post feeding and waslowest a 4 h post feeding (Fig. 18)
inal thegroups. Yildiz et al. (2005) reported that rumina pH did not differ (P>0.05) between
the groups of lambs receiving oak (Quercus hartwissiana) leaves with and without PEG.
Singh (2008) found no difference (P>0.05) in the rumen liquor pH of control and trestment
groups fed on tannin rich pakar leaves to goat. Petra (2004) aso did not find any change in
rumen pH following supplementation of harad (Terminalia chebula), garlic (Alium sativum)
and amixture of the two in buffaloes.

4.2.3.2 Volatilefatty acids

Thevoldtilefatty acid concentration intherumen liquor at zero hour and pooled samples
are presented in Table 4.2.4. At zero hour the TVFA concentration (mM/100 ml) of control,
T1land T2 groupswere5.56, 5.37 and 4.76, respectively. TV FA concentration of the treatment
groupswere found to be lower as compared with control but the difference was not significant

(Table 4.2.4). TVFA concentration of pooled samples of control, T1 and T2 groups were
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Table 4.2.3 Effect of feeding tannin degrading bacterial isolate TDGB 406 on rumen pH

Hours post feeding Control T1 T2 SEM P- Value
Oh 6.69+0.06 6.70+0.07 6.69+ 0.05 0.083 0.983
2h 6.06+005 605+011 6.00+011 0.136 0.918
4h 586+ 0.07 597+005 587+0.04 0.078 0.341
6h 5093+0.02 6.01+0.10 592+0.10 0111 0.680
8h 6.12+0.02 6.21+0.10 6.15+0.08 0.105 0.697
M ean 6.13 6.19 6.13 - -

T1= Autoclave culture group; T2= Live culture group

Table 4.2.4 Effect of feeding tannin degrading bacterial isolate TDGB 406 on total
volatile fatty acids and their fractions

Attributes Control T1 T2 SEM P- Value
Oh

TVFA (mM/100ml) 556+046 537+0.74 4.76+0.19 0.733 0.552
Acetic acid (%) 7013+ 211 7146+ 0.75 71.56 + 0.41 1.863 0.707
Propionic acid (%) 16.97 £ 2.30 16.36 + 1.01 15.90 + 0.47 2.087 0.878
Iso-butyric acid (%) 104+025 087+£014 112+0.30 0.337 0.757
Butyric acid (%) 10.72+1.62 1001+ 163 9.60+0.18 1.883 0.839
Iso-valeric acid (%) 084+049 121+064 175+0.19 0.675 0.448
Vaeric acid (%) 030+0.18 0.09+0.09 0.08+0.08 0.175 0.422
Ac:Pr 434+0.78 440+028 451+0.16 0.689 0.972
Pooled

TVFA (mM/100ml) 530+029 625+0.84 5.65+0.53 0.849 0.558
Acetic acid (%) 7146+ 2.08 7229+ 0.78 73.67 £ 0.73 1.908 0.539
Propionic acid (%) 1725+ 237 16.38+0.36 15.92+ 0.39 1.982 0.801
Iso-butyric acid (%) 025+015 029+005 040+0.12 0.160 0.655
Butyric acid (%) 1051+ 1.67 1050+ 1.14 919+013 1654 0.674
Iso-valeric acid (%) 034+£022 025+012 042%0.29 0.318 0.863
Vaeric acid (%) 019+019 029+0.19 0.40+0.08 0.233 0.691
Ac:Pr 435+ 077 4421006 4.64+0.16 0.645 0.901

T1= Autoclaved culture group; T2= Live culture group
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5.30, 6.25 and 5.65, respectively. However, thelevel of TVFA wasnot affected dueto feeding
of isolate TDGB 406 as a probiotic between the periods and among the groups.

The molar percentages of acetate, propionate, iso-butyrate, butyrate, iso-vaerate,
vaerate and acetate: propionate ratio of al the groups are presented in Table 4.2.4. The
acetate (%) of control, T1 and T2 groups a zero hour and pooled samples were 70.13,
71.46, 71.56 and 71.46, 72.29, 73.67, respectively. The data showed pooled samples had
higher mean valuesas compared to zero hour samples. Smilar trend was found with propionate
concentration aso. There was no difference (P>0.05) in molar per cent of VFA fractionsand
acetateto propionateratioin therumen liquor of dl thethree groups. The acetate to propionate
ratio a zero hour and pooled samples of control, T1 and T2 groups were dso similar (Table
4.2.4). The present results revealed that the feeding of isolate TDGB 406 as a probiotic did
not affected molar percentage of VFASs and acetate to propionate ratio in goats fed on tannin

rich oak leaves.

Snghet al. (2011) found that the total volatile fatty acid concentration in the rumen
liquor of experimental goats fed on pakar leaves did not differ (P>0.05) as compared to
control group fed green oa fodder. However, the levd of TVFA did not differ among the
periods in both the groups. There was no significant difference (P>0.05) in molar per cent of
acetate, propionate, butyrate and acetate to propionateratio in the animals of both the groups.
Patra et al. (2006a) reported that the effect of seed pulp of harad (Terminalia chebula) and
leaves of poplar (Populus deltoides) arich source of tannins at four different levels of O, 10,
20 and 30 mg per 200 mg subgirate conssting of wheet straw and concentrate mixture in
equd ratio usng buffao rumen inoculum and found no effect (P>0.05) of any additive on
TVFA production at any of levelstested. There was dso no difference in molar proportion of
acetate, butyrate and propionate and theratio of acetate to propionatein control and trestments.
The reports from literature indicated that phenalic acids such as p-coumaric acid, ferulic acid
and cinnamic acid and some more monomeric phenolics have been found to decrease methane,
acetate and propionate production (Aseghu et al.,1995). The VFA production during in
vitro fermentation was greatly reduced when the substrate contained more than 6% CT (Van
Hoven and Frustenburg, 1990). Zimmer and Cordesso (1996) observed that TVFA production
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was 27.1% lower in goats fed tannin treated hay. Scalbont (1991) observed no effect of
Castanea sativawood extract containing hydrolysable tanninson TVFA and molar proportion
of individua VFAs

Makkar et al. (1995) reported that quabracho tannin upto 0.4 mg/ml had no effect on
concentration of total and individua VFAS, while molar proportion of propionate wasincreased
and butyrate was decreased in in vitro a 0.4 mg/ml level. The variability in VFA production
and itsmolar proportion with different tannin sources might be dueto variability inthetypeand
concentration of tannins present in the test materials. Waghorn and M cNabb (2003) suggested
that the effect of tanninsdepends on their chemical and physca structure and their concentration
inthediet. In present study, theleve of CT (0.4 to 0.6%) and totd tannin (2.9t0 3.8%) in diet
and at this level production of VFAs was congtant without affecting fermentation pattern of
godt.

4.2.3.3 Nitrogen fractions

The nitrogen fractions viz. ammonia nitrogen, total nitrogen, TCA-ppt nitrogen and
non-protein nitrogen of al the groups are presented in Table 4.2.5. Nitrogen baance and
rumen ammonia nitrogen are the most accessible parameters to describe nitrogen available to
animas and incorporated into animd tissues. Tannins can form complexes with protein, and
thusthey potentialy affect nitrogen metabolism. Ammonianitrogen (mg/dl) in the rumen liquor
of goats of trested groups was sgnificantly higher (P<0.05) as compared to control group. In
control group (without culture) the ammonia nitrogen concentration was 5.04, while in the
treatment groups, T1 (autoclaved culture) and T2 (live culture) it was 5.77 and 6.05 mg/dl,
respectively. Theincrement of ammonianitrogenin live culture group indicated thet the feeding
of live culture of TDGB 406 nullified the adverse effect of tannin present in oak leaves upto
some extent. There were no sgnificant differences (P>0.05) in total nitrogen, TCA-ppt
nitrogen and non-protein nitrogen among the groups (Table 4.2.5). The mean vaue of tota
nitrogen, TCA-ppt nitrogen and non-protein nitrogenin control, T1 and T2 were 94.35, 90.67,
95.76; 66.77, 59.15, 58.66 and 27.58, 31.51, 37.10 mg/dl, respectively. Min et al. (2002)
reported that action of CT in Lotus cor nicul atus atannin rich plant, markedly reduced rumen

Evaluation of tannin degrading bacteria as probiotic in goats for better ...... -122-




Results and Discussion....

proteolytic activity and rumen ammoniaconcentration in sheep. It wastrue for both sheep and
goats fed on diet made of combinations of either Acacia brevispioca or Sesbhania sesban
(Woodward, 1988) and for sheep given diet composed of S sesban, A. nilotica and A. seyal
(Rittuner and Reed, 1992). Bermingham et al. (2001) found decreased ammonia nitrogen
concentration in sheep rumen fed sainfoin which contained 38 g CT/kg DM. Minet al. (2002)
reported low ammonia nitrogen concentration (P<0.005) and high influx of amino acids in
amdl intestine in sheep fed with sullawhich contained 64 g CT/kg DM.

Snghet al. (2011) observed that theammonianitrogen in rumen liquor samplesvaried
sgnificantly (P<0.05) between the groups and between the periods. In control group where
anima swerefed green oat, the ammonianitrogen concentration ranged between 8.31t0 8.97
mg/dl with the mean vaue of 8.64 mg/dl, while in the experimental group where animaswere
fed pakar leaves it ranged between 4.76 to 5.29 mg with the mean vaue of 5.02 mg/dl. In
present study, total tannins supplemented through oak leavesin the diet was 29.0 to 38.0 g/kg
DM and adverse effect on protein metabolism was countered by feeding TDGB 406 culture.
Oak leaves was rich in HT, which hydrolyzed in rumen by microbid action to some extent
while pakar leaves was rich in CT which form complexes with protein and reduced ammonia
production in rumen. The result of the present study clearly indicated that the feeding of TDGB
406 culture to the goats fed on oak leaves, overcome the adverse effect of tannins present in

oak leaves on protein metabolism to some extent.
4.2.34 Lactic acid

Lactic acid concentration in the rumen liquor is presented in Table 4.2.5. The lactic
acid concentration (mg/dl) in control, T1 and T2 groupswere 1.97, 2.24 and 1.59, respectively.
There was no dgnificant difference (P>0.05) in lactic acid concentration among the groups.
Singh (2008) observed the lactic acid concentration in the rumen liquor of trestment group fed
on pakar leaves was reduced significantly as compared to control fed on oat fodder. Ammar
et al. (2008) sudied the effect of intake of quebracho tannins on fermentative activity in the
rumen of Merino sheep fed chopped adfdfa hay supplemented with 50 g quebracho/kg DM
for 60 days and reported significant reduction inlactic acid concentration in the animals. Similar
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results of adding CT to batch cultures of mixed rumind microorganisms showed impaired
rumind fermentation in vitro, and fermentation end product (i.e, lactic acid, anmonia and
volatile fatty acids) concentrations (Getachew et al., 2008). No change in lactic acid
concentration might be because of feeding of TDGB 406 and aso dueto less concentration of
total tannin (2.9-3.8%) in the diet.

4.2.3.5 Rumen microbial enzyme profile

Effect of feeding tannin degrading bacterid isolate TDGB 406 on enzyme activities
(unit/mg protein) in rumen content of fistulated goats are presented in Table 4.2.6. The specific
activities of carboxymethyl cedllulase, xylanase, protease and tannase were smilar in dl the
groups (Table 4.2.6). The activity of carboxymethyl cellulase and xylanase was increased in
oak leaves fed groups, but protease activity was unaffected even at different intake levels
(Paswan et al., 2008). Many authors have suggested that concentrations of CT below 50 ¢/
kg of DM inthediet, asaso observed in the present oak leaves feeding groups, do not affects
rumen fermentation (Barry and McNabb, 1999; Sdawu et al., 1999). In present study, the
tannin intakein goat astota tannin concentration was 29.0-38.0 g/kg DM inthediet while CT
was4.0-6.0 g/kg DM and HT was 25.0-32.0 g/lkg DM. The data showed that the tannin level
was lessthan 40 g/kg of DM in diet of animas and feeding of TDGB 406 culture nullified the
adverse effect of tannins on different enzyme activity aso.

The mechanism by which tannins inhibit or simulate any enzyme could be explained
by achangein the conformation of the enzyme in the presence of tannins, o asto increase or
decrease the availability of subdrate a the cataytic Ste of the enzyme. A decrease in the
activities of urease and protease associated with oak tannins has a so been recorded inin vivo
sudy (Lohan et al. 1983). Therefore, when oak leaves are fed to livestock the enzymatic
gpparaus of the rumen would be expected to operate at a suboptima leve, which will have
adverse effects on the animd. Begovic et al. (1978) found that cattle are much more sengitive
than goatsto tannic acid toxicos's, and rel ated these differencesto more efficient neutrdization
of tannic acid in goats as aresult of higher activity of tannase of microbid originin their rumen

mucosa.
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Table 4.2.5 Effect of feeding tannin degrading bacterial isolate GB 406 on nitrogen
fractions and lactic acid concentration in rumen liquor

Attributes Control T1 T2 SEM P- Value
Ammonia Nitrogen 504r+023 5.77°+016 6.05°+0.19 0.281 0.029
(mg/di)

Tota Nitrogen 9435+ 212 9067+814 9576+ 141 2181 0971
(mg/di)

TCA-ppt Nitrogen 66.77 £ 15.6 59.15+ 2.33 58.66 + 7.99 14.44 0.825
(mg/di)

Non-protein Nitrogen 2758+5.71 3151+723 3710+ 6.14 9.035 0.598
(mg/di)

Lactic acid 197+£029 224+024 159+ 0.07 0.314 0.192
(mg/di)

@ Means with different superscript in arow differ significantly (P<0.05)

T1= Autoclaved culture group; T2= Live culture group

Table 4.2.6 Effect of feeding tannin degrading bacterial isolate TDGB 406 on enzyme
activities (unit/mg protein) in rumen content of fistulated goats

Attributes Control T1 T2 SEM P- Value
CMCase 0.061+0.01 0.063+001 0.073+0.005 0.014 0.658
Xylanase 0.159+0.03 0.156+0.02 0.160+ 0.007 0.028 0.989
Protease 548+0.73 459+0.09 5.66 + 0.90 0.947 0.523
Tannase 1436+331 1229+126 1472+064 2935 0.687

Unit = umol glucose and xylose/ml/min for CM Case and xylanase; g protein hydrolysed/ml/min for protease nmol

galic acid released/ml/min for tannase

T1= Autoclaved culture group; T2= Live culture group
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Paul et al. (2003) reported the inhibition of the activities of carboxymethyl cdlulase,
xylanase, acetyl esterase and proteases by phenolic monomers such as catechol. Patra et al.
(20064) reported the effect of seed pulp of T. chebula (harad) richintanninsat theleved of 10,
20, 30 mg/200 mg substrate in vitro and found no effect on carboxymethyl cdlulase and
Xylanase whereas esterase activity was decreased significantly (P<0.05). Patraet al. (2006b)
tested the effect of water, ethanol and methanol extracts of seed pulp of T. chebula on enzymdic
activity and found that the specific activity of carboxymethyl cdllulase was not affected by the
extracts whereas specific activity of xylanase and acetylesterase was reduced significantly
(P<0.05). The variation in the results might be due to the form of plant additive used asin the
former experiment the seed pulp of T. chebula wasincluded in the medium as such, whereas
inthelater experiment extractswere tested. Rice and Pancholay (1973) suggested that tannins
inhibit the cdl wall entry of subgtrates by decreasng permeshility through the formation of
complexes by tannins with the cell wal proteins, which might be the reason for decreased
rumen enzymatic activity in the animas fed tannin rich diet. Moreover reduction in cellulolytic
microbesin the rumen of animasfed tanninrich diet may aso be one of thereason for reduction
in enzymetic activity.
4.2.3.6 MICROBIAL PROFILE
4.2.3.6.1 Protozoa population

The effect of feeding tannin degrading bacterid isolate TDGB 406 on protozoa count
a zero hour and pooled samples (log no of cdlsml rumen liquor) of fistulated goats are
presented in Table 4.2.7. There was no differences (P>0.05) in holotrichs, spirotrichs and
tota protozoa count among the groups at zero hour and pooled sample. The total protozoa
count in control, T1, T2 groups at zero hour and pooled sample were 5.28, 5.40, 5.37 and
5.38, 5.55, 5.46, respectively (Table 4.2.7).

Singh et al. (2011) reported that there was a reduction in rumen protozoa count in
experimental animal's (1.02x10°) fed pakar |eaves as compared to control animals (1.12x10°)
fed on green oat fodder. In the present study total tannin intake by animaswas 29.0-38.0 ¢/
kg DM in diet as the leve of tannin was not high enough in the diet to affect the protozoa
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population in the rumen. Wang et al. (1994) found lower protozoa numbers in the rumen of
sheep fed diets containing tannins compared with those receiving an intrarumind infusion of
PEG. Reportsin literature also indicated that protozoa numbers were not reduced at 0.1 mg
quabracho tanninml, but a 0.2 and 0.4 mg/ml, the protozoawere reduced significantly (P<0.05)
ininvitro (Makkar et al., 1995b). Patraet al. (2006a) reported the effect of seed pulp of T.
chebula (harad) rich in tannins at the level of 10, 20, 30 mg/200 mg feed found no effect on
holotrich, smdl and large entodiniomorphids as well as tota protozoa count. Paira et al.
(2008) studied the effect of leaf extract of Q. incana (oak rich in phenolic contents) on protozoa
number in in vitro gas production test using buffao rumen liquor and found no effect of the leaf
extract. According to McSweeney et al. (2001) rumen protozoa, fungi and some of the bacteria
aremoreres stant to condensed tannin ascompared to other microbid population, but Monforte
et al. (2005) reported that with some plants protozoa numbers were negatively correlated
with condensad tannins, exhibiting anti-protozod activity. Theresultsof variousreportsindicated
that the structure, type and level of tannins present in different plants might have different
influence on protozoa. Effects of tanninsin in vivo sudies on rumen protozoa counts are
inconsstent (Waghorn et al., 1990). Entodiniomorphidae protozoa accounted for around
90% of total protozoa This finding was in agreement with values observed by other authors
(Santra et al., 1998; Hindrichsen et al., 2002) using smilar sampling and counting
methodol ogies.

4.2.3.6.2 Microbial profile by MPN technique

The€ffect of feeding tannin degrading bacterid isolate TDGB 406 on microbid profile
inthe rumen of goatsare presented in Table 4.2.7. The population dengity of totd bacteriaand
tota fungi (log number of cdlls/g rumen contents) among the group was comparable but tannin
degrading/tolerating bacteriawas higher (P<0.01) in live culture fed group. Thetotal bacteria
and total funga numbersin control, T1 and T2 group were 10.3, 10.3, 11.0 and 2.94, 2.94,
3.11, respectively (Table 4.2.7). The sgnificant increment in number of tannin degrading/
tolerating bacteriain T2 group indicated that theinocul ated bacteria stimul ated tannin degrading
bacteriain the rumen. In an experiment concluded by Singh et al. (2011), thetannin degrading/
tolerant bacteria population increased (141x107) in goats fed pakar leaves as compared to
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Table4.2.7 Effect of feeding tannin degrading bacterial isolate TDGB 406 on rumen
microbial profilein fistulated goats

Protozoa count

(log no of cells/ Control T1 T2 SEM P- Value
ml rumen liquor)

Oh

Holotrichs 405+ 0.10 4.07+0.09 4.08+0.07 0.127 0.978
Spirotrichs 525+0.10 538+0.10 5.35+0.07 0.130 0.609
Tota protozoa 528+0.10 540+0.10 5.37+0.06 0.126 0.603
Pooled

Holotrichs 397+003 419+016 4.15+012 0.164 0434
Spirotrichs 536+0.08 553+0.02 544+0.05 0.081 0.192
Tota protozoa 538+0.08 555+0.02 5.46+0.05 0.076 0.162
MPN count (log number of cells/g rumen contents)

Total bacteria 103+032 103+024 11.0+046 0.500 0.337
Totd fungi 294+016 294+022 311+026 0.302 0.830
Tannin degrading/

tolerant bacteria 356"+ 0.09 356°+0.09 4.18+0.12 0.144 0.008

@\ eans with different superscript in arow differ significantly (P<0.01)

T1= Autoclaved culture group; T2= Live culture group
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the control (30.75x10?) fed green oat. In present study, the total tannin concentration was
29.0-38.0 g/kg DM inthe diet, while HT was 25.0-32.0 g/kg DM and feeding of TDGB 406
culture nullified the adverse effect of tannins on different microbia population by increesing the
population of tannin degrading bacteriain the rumen.

McSweeny et al. (2001) reported that tannins have asignificant effect on the activity
of rumen microbes and different groups of microbes have different tolerance to tannins. They
observed that in animals fed tannin rich Calliandra calothyrsus, the population of
Ruminococcus spp. and Fibrobacter spp. was reduced considerably. Sotohy et al. (1997)
reported a4 and 3 log reduction in number of total bacteriain the rumen of goats recelving
tannin rich plant (Acacia nilotica) a the rate of 20% in their diet and the decrease in the
numbers was directly proportiond to level of thisfeed in the diet. Min et al. (2002) reported
that a decrease of 0.5-0.1 log in proteolytic ruminal bacteria Clostridium proteoclasticum,
S bovis, Eubacterium spp. and B. fibrisolvenes when CTsfrom Lotus corniculatus (329
CT / kg DM) werefed to sheep. Brooker et al. (1994) reported the MPN count of the rumen
microbid population of the ferd goats browsing tannin rich acacia leaves the tannin protein

complex type bacterium was 2x10° to 2x10° cfuml™* of rumind fluid.

McAllister et al. (1994) reported the cellulolytic activity of Neocallimastix
patriciarumwas not affected by CTsfrom L. corniculatus at a concentration of 100 pg/ml.
The ruminants which were continuoudly fed upon diets rich in tannins develop a microflora
whichistolerant to high tannins. Tjakradidggaet al. (1999) reported that the feral goats and
camel fed on AcaciaandCallindra cal othyr sus, containing ahigh level of tanninswere cgpeble
of tolerating tanninsin diet dueto the presence of high numbersof tanninsresistant bacterialike
Sreptococcus caprinus and Selenomonas ruminantium. Viwisky et al. (2002) reported
sgnificant decrease in bacterid count by adding hydrolysable tanninsin the diet of lamb @ 1
and 2 g/lkg DM, whereas protozoal population was unaffected. The present study reveded
that the harmful effect of tannin rich feed on some of rumen microbes varied with types, level
and species dependant, and could reduce their harmful effect on rumen microbid profile by
feeding TDGB 406.
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Table 4.2.8 Effect of feeding tannin degrading bacterial isolate TDGB 406 on
expression of microbial population in goats

Attributes Control T1 T2 SEM P- Value
Bacteria* - 0.9030 0.13590 0.42390 0.116
Fungi** 0.00042 0.00035 0.00119 0.00051 0.218
R. flavefaciens** 0.00065 0.00069 0.00076 0.00017 0.796
F. succinogens** 0.00281 0.00233 0.00259 0.00114 0.915
Methanogens**  0.00018 0.00019 0.00028 0.00008 0.447

T1= Autoclaved culture group; T2= Live culture group
* Expression was calculated taking bacteria of control as house keeping gene
** Expression was calculated taking bacteria of respective group as house keeping gene

Table4.2.9 Effect of feeding tannin degrading bacterial isolate TDGB 406 on rumen
microbial population dendty in goats

Attributes Control T1 T2

Bacteria 1 0.903 0.136
Fungi 1 1.200 0.353
R. flavefaciens 1 0.942 0.855
F. succinogens 1 1.206 1.084
Methanogens 1 0.947 0.643

T1= Autoclaved culture group; T2= Live culture group
*Rumen microbia population of the treated groups were calculated considering control as 1



Fig. 21 :Microbial profile amplification plots of Fibrobacter
succinogenesin rumen sample of goats

Fig. 22 :Microbial profile dissociation curve of Fibrobacter
succinogenesin rumen sample of goats



Fig. 23 :Microbial profile amplification plot of total bacteria
in rumen sample of goats

Fig. 24 :Microbial profile dissociation curve of total bacteria
in rumen sample of goats



Fig. 25 :Microbial profile amplification plot of fungi in rumen
sample of goats

Fig. 26 :Microbial profiledissociation curve of fungi in rumen
sample of goats
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Results and Discussion....

4.2.3.6.3 Rumen microbial profileusing Real Time PCR

Effect of feeding tannin degrading bacterid isolate TDGB 406 on expresson and
popul ation dengty of rumen microbesat 0 h feeding of the goats were determined by redl time
PCR and presented in Table 4.2.8 and 4.2.9. The expression of various populations of rumen
microbes showed inverse correlation of population. The expression of tota bacteria, fungi,
Ruminococcus flavifecince, Fibrobacter succinogenes and methanogens in trestment T1
and T2 group was significantly similar (P>0.05) as compare to control group (Table 4.2.8).
The population density of total bacteria in rumen was decreased in T1 and T2 groups as
compareto control animals. The populaion dengty of fungi inrumenwas20timeshigherin T1
group whereas, decreased in T2 group than control animals. The Ruminococcusflavifecince
population was 14.5 times lower in T2 group to control group. However, Fibrobacter
succinogenes population density was 8.4 times higher in T2 group as compare to control
whereas, methanogens population was 35.7 times decreased in T2 groups as compare to
control animals (Table 4.2.9).

The present study showed that the feeding of tannin degrading bacterid isolate TDGB
406 as probiotic to goat did not affect the mgjor fibre degrading bacteria population. Agarwal
et al. (2008) reported an increase in methanogen population with decreasein in vitro feed
degradability. Singh et al. (2011) reported that the population of total bacteriawas smilar in
both control and experimental groups, whereas the fibre degrading bacteria R. flavefaciens
population was about 14% lower in experimenta group fed on pakar leavesin comparison to
control animalsfed on oat and F. succinogenes population did not change by feeding of pakar
leaves but methanogen population was increased by about 40% in experimental group fed on
pakar leaves as compared to control group but in our sudy methanogen population was
decreased in treated group which is beneficid for heathy environment.
4.3 EFFECT OF FEEDING TANNIN DEGRADING BACTERIA

AS PROBIOTIC ON GROWTH PERFORMANCE AND
NUTRIENT UTILIZATION IN GOATS FED ON OAK

LEAVES

Effect of feeding tannin degrading bacteria isolate TDGB 406 asaprobiotic on growth
performance and nutrient utilization in goat fed on oak leaveswas sudied. The bacterid isolate
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number TDGB 406 was sdlected for the feeding had better tannase activity, able to degrade
tannin to their monomers and exhibited highest tolerance to the phenolic monomers and tannic
acid. Isolate TDGB 406 improved IVTD of oak leaves Sgnificantly.

4.3.1 Chemical composition of feed

The chemica composition (on DM basis) of feeds (concentrate mixture, oak leaves
and maize hay) fed to the kidsis presented in Table 4.3.1. The concentrate mixture had OM
90.23, CP 20.45 and EE 3.12%. The DM (%) of dl the three feeds was smilar. The DM
content of dry oak leaves was 94.94 % and it contained CP 9.71, EE 3.63, CF 30.84, NDF
55.98 and ADL 14.34%, respectively. Thetota phenolics (%, DM) of oak leaves (Quercus
semicarpifolia) were 11.15 comprising of TTPh 8.67, CT 1.63, HT 7.04 and NTPh 2.48,
respectively. The maize hay contained OM 86.53, CP 6.42, EE 1.99, CF 31.06, NDF 65.91
and ADL 5.03%, respectively.

The variation in chemica compogtion among species of Quercus (Q. persica, Q.
infectoria, Q. libani and Q. semicarpifolia) may be partly due to genotypic factors that
control accumulation of forage nutrients (Minson, 1990). The values of hydolysable tannin in
oak leaves observed in the present study were dmost smilar as reported by Anandan and
Dey, (2000) and Paswan et al. (2008). The nutritive value of oak leaves Quercus
semicarpifolia), native to temperate and humid Himaayan ranges containing (%, DM) CP
9.49, OM 94.86, EE 4.07, NDF 64.20, ADF 50.60 and tannins 4.40 (Singh et al., 1998)
which is dmog similar to our findings. Paswan et al. (2008) reported higher HT content in
immature oak leavesof Q. leucotricophora (5.35%) and in Q. semicarpifolia (7.24%). CT
was the highest in mature Banj leaves (3.11%) followed by Kharsun (1.65%) and was very
low in immature oak leaves (0.68-0.88%). The levels of tota tannins in plants vary grestly
between species, within species, stages of maturity, location to location and from year to year
(Mehansgho et al., 1987). The wide variation in the values available in the literature might be
attributed to al these factors.

4.3.2 Plane of nutrition of goats

Effect of feeding tannin degrading bacterid isolate TDGB 406 on plane of nutritionin
goatsispresented in Table4.3.2. The average body weights of the goats of control, autoclaved
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Table 4.3.1 Chemical composition of feed (%, DM basis)

Attributes Concentrate mixture Oak leaves Maize hay
DM 95.69 94.94 93.91
oM 90.23 95.37 86.53
CP 20.45 9.71 6.42
EE 312 3.63 1.99
CF 5.72 30.84 31.06
NDF 42.47 55.98 65.91
ADF 13.06 37.24 39.76
ADL 1.87 14.34 5.03
Hemi cellulose 2941 18.74 26.16
Cdlulose 11.19 22.90 34.73
NFE 61.82 51.69 47.45
Ash 9.77 4.63 1347
Acid insoluble ash 1.00 0.45 523

Phenolic constituents

Tota phenolics - 1115 -
Total tannin phenolics - 8.67 -
Non-tannin phenolics - 248 -
Condensed tannins - 163 -

Hydrolysable tannins - 7.04 -




Table4.3.2 Effect of feeding tannin degrading bacterial isolate TDGB 406 on plane of

nutrition in goats

Attributes Control T1 T2 SEM P- Value
Body wt (kg) 1669+ 170 1681+136 17.08+121 2.033 0.981
Body wt (g/kg W)  823+065 829+051 839+044 0.762 0.978
Dry matter intake (g/d)

Concentrate mixture 269.1+24.7 2599+16.1 273.7+174 27.96 0.883
Roughage 2973+351 3527+253 3679+24.3 40.48 0.239
Tota DMI 566.4+549 6126+409 641.6+37.3 63.61 0.517
DMI (g/kg Wo™) 68.50°P+ 217 73.85°+0.87 7653+ 2.35 2.704 0.043
R:Cratio 111°+0.09 1.36°+0.03 1.35°+0.08 0.106 0.069
Dry matter intake (% BW)

Concentrate mixture  1.62 + 0.04 156+005 1.61+001 0.054 0.472
Roughage 1.78+011 210*+0.02 217°+0.14 0.145 0.054
Total DMI 341°+0.08 3.66*+007 3.77°+0.14 0.147 0.084
Crude protein intake

od 7915+7.08 81.29+528 85.08+ 4.87 8.233 0.772
ag/kg We-s 95%+0.14 9.80*+0.15 10.14*+0.14 0.202 0.064
DCPintake

gd 60.82+6.52 62.77+401 6807+ 353 6.884 0.572
akg We-s 733¥+026 757/*+014 8.12°+0.08 0.249 0.031
TDN intake

od 344.1+ 4059 369.2+21.79 406.7 + 17.07 40.12 0.337
a/kg We™ 41.38°+ 2.28 44612+ 0.97 48.61*+ 1.40 2.328 0.037

® Means with different superscript within arow differ significantly
T1= Autoclaved culture group; T2= Live culture group
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(T1) and live (T2) culture fed group were 16.69, 16.81 and 17.08 kg, respectively. Thetota
DMI (g/d) of control, T1 and T2 group was 566.4, 612.6 and 641.6, respectively (Table
4.3.2). The DMI in dl the groups of animas was smilar. The intake of DM, CP, DCP and
TDN (g/kgwW? %) was significantly higher in T2 group as compared to control group. The DM
intake (%, BW) and concentrate to roughage ratio was dso sgnificantly higher in T1 and T2
groups as compared to control. The concentrate mixture intake (% BW) was comparable
among the groups, however, roughageintake was sgnificantly higher in T2 group as compared
to control (Table 4.3.2). The intake of phenolicsthrough diet (on DM basis) in kids was total
tannin phenolics (2.5-3.3%), HT (2.0-2.7%) and CT (0.5-0.6%). The totd tannin phenolics
content in the diet was within the range (<5%) and these levels might not be interfering the
rumen ecosystemn and their metabolism in kids.

The higher intake of DM in T2 group was due to higher roughage intake. This higher
DM intake through roughage was responsble for higher CP as well as DCP intake in this
group. The DM digedtibility of nutrients in probictic fed goats was more which resulted in a
sgnificant difference (P<0.05) inthe TDN intake (g/lkgW? %) among the groups. Theintake of
DM, CP and TDN were fully met out in both the groups as per NRC (2007).

4.3.3 Intake and digestibility of nutrientsin goats

Intake and digestibility of various nutrients by goats during metabolic trid is presented
in Table 4.3.3. The dally dry matter intakes (g/d) of the control, T1 and T2 groups were
566.4, 612.6 and 641.6, respectively. The DMI washigher inlive culturefed group ascompared
to other two groups. Thisincreased DMI inthelive culturefed group might be dueto reduction
in negative effect on tannin rich feed by feeding probiotic. Robbinset al. (1991) and Austin et
al. (1989) reported presence of proline rich protein (PRP) in saliva of deer and goats which
can bind tannin and lessen the astringency effect of CT onintake and feeding of probiotic might
have further reduced thiseffect of CT. Min et al. (2003) reported that CT concentration (>55
g CT/kg DM) generdly reduce voluntary feed intake but at lower level (20-45 g CT/kg DM)
voluntary intake was not affected. In the present study tannin rich feed (oak leaves) richin HT
was fed a moderate level (40% of total DMI) which did not hamper voluntary feed intakein
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Table 4.3.3 Effect of feeding tannin degrading bacterial isolate TDGB 406 on intake
(¢/d) and digestibility (%) of nutrientsin goats

Attributes Control T1 T2 SEM P- Value
Body weight (Kg) 16.69+1.70 1681+136 17.08+1.21 2.033 0.981
Metabolic body sze 823+065 829+051 839+044 0.762 0.978
Dry matter

Totd inteke 566.4+549 6126+409 641.6+ 373 63.61 0.517
Digested 346.8+39.9 3695+20.6 4133+ 159 38.91 0.272
Digedtibility 60.82°+ 1.45 6048 +1.14 6463+ 1.23 1.810 0.087
Organic matter

Totd intake 527.2+51.0 5706+384 596.1+ 350 59.40 0.527
Digested 346.3+39.2 3699+215 406.1+16.2 38.80 0.344
Digedtibility 65.28+ 143 6499+119 6834+123 1.820 0.181
NDF

Totd intake 300.2+31.0 3339+227 3488+222 36.27 0.424
Digested 160.6+21.7 1779+885 2020+ 7.53 20.10 0.174
Digedtibility 5283+223 5355+161 5820+ 165 2615 0.138
ADF

Totd intake 1495+ 165 1720+122 1785%+123 1951 0.339
Digested 5822+9.90 69.99+374 7998+ 4.36 9.344 0.119
Digedtibility 3797+327 4126+329 4507+210 4,155 0.282
Crude protein

Totd intake 7738+6.98 79.65+521 83.13%4.90 8.163 0.783
Digested 60.82+6.52 62.77+4.01 68.07+353 6.884 0.572
Digedtibility 78.16°+1.65 78.83*+0.59 81.9% + 0.63 1521 0.070
Ether extract

Totd intake 1712+ 157 1827+124 1894+1.09 1.863 0.629
Digested 1074+ 125 11.18+0.92 1224+ 0.61 1.360 0.546
Digedtibility 62.22+206 61.02+171 6481+167 2579 0.366
Crudefibre

Totd intake 1071+123 1254+9.01 129.9+9.08 14.47 0.299
Digested 50.33+£9.87 6225+249 69.19+4.25 9.004 0.162
Digedtibility 4534+485 5006+191 5348+ 219 4,614 0.260
NFE

Totd intake 3206+30.7 343.7+23.0 358.7+214 35.86 0.584
Digested 2088+ 222 219.0+134 241.9+105 2278 0.373
Digedtibility 64.87+0.93 6387+137 67.62+127 1.702 0.128

® Means with different superscript within arow differ significantly
T1= Autoclaved culture group; T2= Live culture group
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goats and by feeding probiotic the voluntary intake in live group wasimproved. Theintake of
other nutrientse.g. OM, NDF, ADF, CP, EE, CF and NFE was aso numerically higher in T2
group as compared to control and T1 groups but statistically were not different (P>0.05). The
higher intake of dl these nutrients might be due to higher intake of DM in T2 group than control
and T1 animds.

The digedtibility coefficient of nutrients in the T2 group was higher in comparison to
control and T1 group (Table 4.3.3). The DM digestibility was 6.26% higher in T2 group as
compared to control. The mean digestibility (%) of DM, OM, NDF, ADF, CP, EE, CF and
NFE were 60.82, 60.48 and 64.63; 65.28, 64.99 and 68.34; 52.83, 53.55 and 58.20;
37.97, 41.26 and 45.07; 78.16, 78.83 and 81.99; 62.22, 61.02 and 64.81; 45.34, 50.06
and 53.48 and 64.87, 63.87 and 67.62, respectively in control, T1 and T2 groups (Table
4.3.3). Theincreasein digestibility of different nutrientsin T2 group might be dueto the positive
effect of live culture, TDGB 406 feeding which nullified the negative effect of tannin rich feeds
on nutrient utilization. Present results are comparable with our in vitro results in respect of
increased dry matter digestibility of oak leaves inoculated with live culture TDGB 406 as
compared with control and autoclaved group. Sharmaet al . (2008) reported increased nutrient
intake and DM digedtibility in calves fed on oak leaves based diet and suggested 30% oak
leavesinthetotal diet inducing apogtive effect on intake and digetibility of nutrients might be
consdered asthe optimd levd in caves. Tannins are known to affect feed utilization when the
level isover 4% (Min et al., 1999), but at lower levels have a positive effect. Theincreasein
total DM was reported to be associated with improved N and energy supply to cellulolytic
bacteria (Chakeredza et al., 2002) leading to increased degradation rate of poor quality
roughage and to a higher digesta passage rate (Goodchild and McMeniman, 1994).

Singh et al. (1996) reported sgnificantly reduced digestibility of DM, CP, EE and
fibre fractions in goats fed on oak leaves (Quercus semecar pifolia) as compared to oat hay
fed goats, whereas, OM and EE digestibility was found to be comparable among the groups.
Singh (2008) found lower digestibility of the nutrients in pakar leaves fed goats as compared
to the goats fed on control diet. Tannins have ability to bind macro molecules (protein and
sructurd carbohydrates) and reduce the digegtibility and bioavailability of these nutrients in
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gastro-intesting tract (Ndluvo, 2000). Tannins may reduce cdl wall digedtibility by binding
bacterid enzymesand/or by forming indigestible complexeswith cdl wal carbohydrates (Barry
and Manley, 1984; Barry et al., 1986; Reed, 1986). In the present study, the digestibility of
nutrients improved due to feeding of live culture of TDGB 406 in goats.

4.3.4 Nitrogen balance

Effect of feeding tannin degrading bacterid isolate TDGB 406 on nitrogen baancein
goatsis presented in Table 4.3.4. The nitrogen intake (g/d) in control, T1 and T2 groups was
13.84, 13.88 and 14.94, respectively. The N intake (g/d) was higher (7.9%) in T2 group as
compared to control and T1 group which might be due to increased totad DMI in T2 group.
The N intake (g/kg W0'75/d) was significantly higher (P<0.01) in T2 group as compared to
control and T1 group. All theanima swerein positive nitrogen balance. TheN baance (g/d) in
control, T1 and T2 group was 6.89, 7.72 and 8.50, respectively. The N balance was 23.37%
higher in T2 group as compared to control. The nitrogen voided through urine was higher than
nitrogen voided through faeces in dl the groups. The mean vaue of nitrogen voided (g/d)
through faeces and urine were 2.27, 2.14, 2.27 and 4.70, 4.02, 4.17, respectively in control,
T1 and T2 groups. Lower faeca N losses observed in goat fed oak leaves may indicate that
some tannin-protein or tannin-ammonia complexes are dissociated in the gastrointestind tract,
resulting in increased absorption of N. Yildiz et al. (2005) reported Similar pattern of nitrogen
excretion in lambs receiving oak (Quercus hartwissiana) leaves with and without PEG
supplementation. Vaithiyanathan et al. (2007) fed graded levels of Prosopis cinerarialeaves
to kids and found higher urinary N excretion than faecd N outgo. Higher CP digestibility may
reflect a high degradation of CP in the rumen and absorption in the gut because week protein

tannin complex were hydrolysed in the gastro-intestina tract increasing N absorption.

The gudies from other laboratories (Makkar e al., 1995a and Makkar and Becker,
1997b) showed that the benefidd effectsof tanninsin in vivo could aso be dueto higher efficiency
of microbid protein synthessin the rumen. Singh (2008) showed thet N excretion through urine
was higher than the faeces in contral animd (green oat fodder) but in experimental group (green
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Table4.3.4 Effect of feeding tannin degrading bacterial isolate TDGB 406 on

nitrogen balancein goats

Attributes Control T1 T2 SEM P- Value
Body weight (Kg) 1669+ 170 1681+136 17.08+121 2.033 0.981
Metabolic body sze 823+065 829+051 839+044 0.762 0.978
Nitrogen intake

Intake (g/d) 1384+1.16 13883+0.84 1494+0.68 1.294 0.645
g/kg We/d 168+£001 168°+003 1.78+0.01 0.027 0.005
Nitrogen outgo

Faeces (g/d) 227+021 214+007 227+040 0.372 0.931
Urine (g/d) 470+£039 4.02+038 417+0.35 0.528 0.438
Tota (g/d) 6.96+045 616+037 644+054 0.650 0.490
Nitrogen balance

Balance (g/d) 6.89+045 7.72+037 850+054 1.190 0.433
a/kg Wes/d 083+007 093+006 1.01+0.07 0.095 0.203
As % of intake 4903+3.77 5525+303 56.75+3.88 5.064 0.317
As % of absorbed 58.63+4.44 6540+347 66.71+4.00 5.643 0.351

3 Meanswith different superscript within arow differ significantly
T1= Autoclaved culture group; T2= Live culture group
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pakar leaves) N voided through faeces was more than urine. In the presence of CT, dietary N
is partitioned towards faeces probably dueto alesser proteolysisin the rumen and consequent
reduction in ammonia production (Waghorn and Mcnabb, 2003). The faecal N decreased by
54% in sheep fed PEG treated acaciaand urinary N tended to increase (P > 0.05) with PEG
treatment (Salem et al., 1999). In present study decreased faecal nitrogen and increased
urinary nitrogen might be due to significant increase in number of tannin degrading bacteriain
the rumen which hydrolyzed the oak leaf tannins and reduced complex formation with protein
resulting in increased protein dissociation in gastro-intesting tract and increasing N absorption

which causes increasing excretion of excess N through urine.

The microorganisms present in rumen might have some adaptive mechanism, which
enablesthem to degrade hydrolysable tanninsfaster (Odenyoet al ., 1999) or decrease activity
of hydrolysable tannins through methylation of phenolic hydroxy groups and these microbes
might be capable of working efficiently in high concentrations of tannins. Urinary N, positive N
balance and N retention as % of N absorbed among the groups did not differ sgnificantly.

435 Purinederivatives

The excretion of PD in urine is a widdy accepted marker for estimating microbid
protein synthesisin ruminants. The results of feeding tannin degrading bacterid isolate TDGB
406 to goats on the excretion of purine derivatives in urine are presented in Table 4.3.5.
Allantoin (mM/litre) in urine was Sgnificantly higher (P<0.061) in T1 followed by T2 group as
compared to control but alantoin excretion (mM/day) was statistically smilar and vaueswere
2.87, 2.78 and 3.24 in control, T1 and T2 groups respectively. The data showed 12.9%
increased in urinary dlantoinin T2 group as compared to control. The higher level of N supply
may increesemicrobid N flow a the duodenum levd asindicated by increased urinary dlantoin
excretion. Uric acid (mM/litre and mM/WP°75/day) and xanthene & hypo-xanthene (mM/litre
and mM/WP"5/day) in urine of al groups were smilar. Totd purine derivatives (mM/\W°-75/
day) were also smilar among the groups and the vaues were 2.08, 1.93 and 2.13 in contral,
T1 and T2 groups respectively (Table 4.3.5). Creatinine (mM/litre and mM/W°7>/day) was
aso smilar in dl the groups. The PDC index among the groups was Smilar and was 12.02,
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Table4.3.5 Effect of feedingtannin degrading bacterial isolate TDGB 406 on purine

derivativesin urine of goats

Attributes Control T1 T2 SEM P- Value
Body weight (Kg) 1669+ 170 1681+136 17.08+121 2.033 0.981
Metabolic body sze  823+0.65 829+051 839+044 0.762 0.978
Allantoin

mM/| 494+ 062 7.71°£097 6.39°+0.40 0.995 0.061
mM/d 287+053 278+036 324+058 0.706 0.791
mM/W°”/day 034+004 034004 0.38+0.06 0.070 0.768
Uric acid

mM/I 2150+523 3236+493 25.89+5.06 7.178 0.357
mM/d 1126+145 1122+044 1198+ 0.97 1474 0.849
mM/W°”/day 136+009 136+006 143+0.08 0.109 0.770
Xanthene & hypo-xanthene

mM/| 497+035 514+043 525040 054 0.881
mM/d 327+088 18+016 276%+0.72 0.936 0.351
mM/W°”/day 038+009 023+003 0.32+0.06 0.094 0.320
Total purine derivatives

mM/| 3141+564 4520+6.02 37541533 8.025 0.278
mM/d 1739+273 1585+081 1797+211 2.891 0.756
mM/W°7”/day 208+019 193+013 213+0.17 0.235 0.702
Creatinine

mM/I 2190+446 31.79+546 24.80+ 357 6.451 0334
mM/d 1190+1.78 1101+072 1221+210 2321 0.867
mM/W°”/day 142+012 134+008 1441021 0.206 0.876
PDC index 1202+ 112 11.99+0.87 12.71+0.80 1.332 0.830
Microbid purine

absorbed (mM/d) 1322+207 1205+062 1366+ 1.60 2.198 0.757
Microbia nitrogen

supply (g/d) 961+151 876+045 993+117 1.598 0.757

D\ eanswith different superscript within arow differ significantly

T1= Autoclaved culture group; T2= Live culture group



Results and Discussion....

11.99 and 12.71 in control, T1 and T2 groups respectively. The microbia purine absorbed
(mM/d) and microbid nitrogen supply (g/d) were aso datistically smilar among the groups
and mean vaueswere 13.22, 12.05, 13.66 and 9.61, 8.76, 9.93 in control, T1 and T2 groups
respectively (Table4.3.5). Present studies showed that therewas no sgnificant effect of feeding
tannin degrading bacteriaTDGB 406 on urinary purinederivatives (microbid protein production)
in goas among dl the groups. Smilar purine derivatives indicated Smilar microbid protein
gynthesisin dl the groups. TCA-precipitable nitrogen, an indicator of microbia protein was
aso found smilar in al three groups (Table 4.2.5).

Allantoin, theprincipa purine metabolitein urineiscongdered anindicator of microbia
purine catabolism and hence reflects M CP synthesisin ruminants (Lindberg, 1989). Excretion
of dlantoin, uric acid and tota PD is highly correlated with rumen degradability of protein (De
Boever et al., 1998). Sharma et al. (2008) found relatively increased excretion of PD may
thus beindicative of some protection of feed protein againgt rumina degradation in the presence
of ok leavestannins. Smilarly, Mupangawaet al. (2000) aso did not observe any significant
differencein totd urinary PD excretion and microbid N supply in different treatments groups
with higher DMI and digedtibility.

4.3.6 Growth performance and nutrient utilization in goats

Effect of feeding tannin degrading bacterid isolate TDGB 406 on body weight changes
and feed conversion efficiency of goats is presented in Table 4.3.6. The initid body weight
(kg) of kidsin control, autoclaved and live culture fed group was smilar. Thefind body weight
after 135 days of experiment was dso satisticaly smilar anong the groups with mean vaues
18.04, 18.75and 19.71 in control, T1 and T2 groups respectively. Thefina body weight was
3.93 and 9.25% higher in T1 and T2 group as compared to control group. The body weight
gan (kg) and average daily gain (g/d) was sgnificantly higher (P=0.071) in live group as
compared to control. The ADG was 8.03 and 30.13% higher in T1 and T2 group ascompared
to control. The body weight gain (kg) and average daily gain (g/d) were smilar in control and
autoclaved culture fed group. Thetota DMI by the animas of T2 group was 6.86 and 7.45%
higher than T1 and control groups respectively. Thefeed conversion efficiency wassignificantly
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Table4.3.6 Effect of feeding tannin degrading bacterial isolate TDGB 406 on body
weight changes and feed conver sion efficiency of goats

Attributes Control T1 T2 SEM P- Value
Initid BW (kg) 11.90 1211 11.72 1.040 0.931
+0.85 +0.67 +0.67
Fina BW (kg) 18.04 18.75 19.71 1.590 0.586
+1.13 +1.08 +1.16
B W gain (kg) 6.14° 6.63* 7.99 0.761 0.071
+0.50 +0.53 +0.58
ADG (g/d) 4547 49.12* 59.17= 5.638 0.071
+3.72 +3.95 +4.27
Conc. DMI (g/day) 263.64 266.78 267.95 23.39 0.982
+18.89 +15.15 +15.31
Roughage (g/day) 322.52 322.65 361.91 A1 0.433
+28.66 +27.71 +12.51
Total DMI (g/day) 586.16 589.43 629.86 56.13 0.693
+46.87 +42.04 +27.62
FCR (feed/unit gain) 13.10° 12.08® 10.77 1.025 0.108
+1.06 +0.50 +0.45

Dry matter intake (g/kg W°™)

Conc. DMI (g/day) 29.99 29.58 28.62 0.892 0.314
+0.78 +0.61 +0.47

Roughage (g/day) 36.55 3554 38.83 2119 0311
+1.85 +1.76 +0.49

Total DMI (g/day) 66.55 65.13 67.45 2.708 0.694
+2.50 211 +0.54

A\ eans with different superscript within arow differ significantly

T1= Autoclaved culture group; T2= Live culture group
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(P=0.108) better in T2 than control group. The FCR in live culture group was 17.78% |lower
than control group. Improvement in the body weight gain and average daily gain in T2 group
might be due to higher intake of CP (7.49%) and TDN (18.19%) as compared to control
animals.

Effect of feeding tannin degrading bacterid isolate TDGB 406 on fortnightly growth
performance (kg) of goasispresented in Table4.3.7. Therewas s gnificant difference (P<0.01)
on growth performance at different fortnight. The mean vaue of dl nine fortnight was 13.05,
13.91, 14.70, 15.80, 16.23, 17.24, 17.82, 17.98 and 18.83 kg, respectively. In present
sudy maximum growth performance occurred in eighth and ninth fortnight followed by sixth
and seventh fortnight. The growth performance data showed that sxth to ninth fortnight was
comparable while eghth and ninth was sgnificantly different from firg to fifth fortnight. The
effect of feeding tannin degrading bacteria TDGB 406 on fortnightly growth performance
among the trestment was smilar. The body weight changes a ninth fortnight were 9.25 %
higher inlive group as compared to control (Table 4.3.7). The interaction between period and
trestment on fortnightly body weight change was dso smilar.

Effect of feeding tannin degrading bacterid isolate TDGB 406 on fortnightly body
weight gain (kg) of goatsis presented in Table 4.3.8. Therewas significant difference (P<0.01)
in body weight gain between different fortnight period. The maximum body weight gain occurred
in firg fortnight followed by forth and sixth. The body weight gain (kg) in second, third and
ninth was comparablefollowed by seventh and lowest in eighth fortnight. There was significant
difference (P<0.05) of feeding tannin degrading bacteria TDGB 406 on fortnightly weight gain
among thetrestment. Theweight gain was sgnificantly higher (30.88 %) in T2 group ascompared
to control group. This result showed that there was postive effect of feeding tannin degrading
becterid isolate TDGB 406 on fortnightly body weight gain by improving the nutrient utilization
and nitrogen baancein animas. Theweaght gainin T2 group wassgnificantly higher a seventh
and eighth fortnight as compared to control and T1 group.

Effect of feeding tannin degrading bacterid isolate TDGB 406 on dry matter intake
(kg) & different fortnightly by goatsare presented in Table 4.3.9. Therewas S gnificant difference
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Table4.3.7 Effect of feedingtannin degrading bacterial isolate TDGB 406 on growth
performance of goats

Attributes Control T1 T2 SEM P- Value

Initid BW (kg) 11.90 1211 11.72 11.91° 0.584
+0.85 +0.67 +0.67

Fortnight B W (kg)

Firs 12.93 13.09 13.12 13.05¢
+1.00 +0.75 +0.66

Second 13.61 14.06 14.06 13.91¢
+1.02 +0.96 +0.57

Third 14.57 14.69 14.84 14.70%
+1.12 +1.03 +0.70

Fourth 15.48 16.00 15.92 15.80«
+1.15 +1.01 +0.87

Ffth 16.04 16.29 16.34 16.23°cd
+1.09 +1.02 +0.83

Sixth 17.13 17.44 17.15 17.24c
+1.27 +1.05 +0.95

Seventh 17.66 17.81 18.03 17.82®
+1.27 +1.17 +1.05

Eighth 17.71 17.83 18.57 17.982
+1.29 +1.19 +1.18

Ninth 18.04 18.75 19.71 18.832
+1.13 +1.08 +1.16

M ean 15.49 15.80 15.95

SEM 0.320

ac....... Means with different superscript within arow differ significantly
T1= Autoclaved culture group; T2= Live culture group



Table4.3.8 Effect of feeding tannin degrading bacterial isolate TDGB 406 on body
weight gain (kg) of goats

Fortnight Control T1 T2 SEM P- Value

Firs 1.03 0.98 1.40 1.142 0.115
+0.24 +0.17 +0.11

Second 0.68 0.97 0.95 0.86*
+0.15 +0.24 +0.15

Third 0.96 0.63 0.78 0.79®
+0.28 +0.32 +0.22

Fourth 0.92 131 1.08 1.102
+0.12 +0.21 +0.26

Fifth 0.56 0.29 0.43 0.43«
+0.09 +0.08 +0.24

Sixth 1.09 1.15 0.81 1.022
+0.20 +0.30 +0.17

Seventh 0.53 0.37 0.88 0.59°¢
+0.07 +0.14 +0.18

Eighth 0.04 0.07 0.54 0.22¢
+0.09 +0.21 +0.17

Ninth 0.34 0.91 1.14 0.80*
+0.22 +0.17 +0.26

M ean 0.68 0.74v 0.8

SEM 0.066

abed \ eans with different superscript within arow differ significantly
% Means with different superscript within a column differ significantly

T1= Autoclaved culture group; T2= Live culture group



Table4.3.9 Effect of feeding tannin degrading bacterial isolate TDGB 406 on dry
matter intake (kg) at different fortnightly by goats

Fortnight Control T1 T2 SEM P- Value

First 6.78 7.02 6.71 6.84° 0.367
+0.46 +0.44 +0.44

Second 7.70 17.77 7.97 7.82¢%
+0.68 +0.67 +0.44

Third 7.43 7.73 8.42 7.86¢%
+0.65 +0.59 +0.26

Fourth 7.52 7.96 8.39 7.96¢
+0.56 +0.52 +0.22

Fifth 9.61 9.64 10.27 9.84pc
+0.74 +0.66 +0.30

Sixth 9.14 8.55 9.47 9.05°
+0.68 +0.52 +0.36

Seventh 10.38 10.22 11.13 10.6®
+0.91 +0.78 +0.64

Eighth 10.65 10.71 11.66 11.02
+0.87 +0.97 +0.60

Ninth 9.93 9.99 11.01 10.3®
+0.92 +0.80 +0.62

M ean 8.7 8.84 9.45

SEM 0.212

abcde \eans with different superscript within arow differ significantly
X Means with different superscript within a column differ significantly

T1= Autoclaved culture group; T2= Live culture group
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(P<0.01) in DMI among different fortnight period. The vaues of DMI (kg) of nine fortnight
period were 6.84, 7.82, 7.86, 7.96, 9.84, 9.05, 10.6, 11.0 and 10.3, respectively. The data
showed that maximum DMI a eghth fortnight followed by seventh and ninth fortnight. The
DMI at different fortnights was smilar anong the treatments (Table 4.3.9). The mean DMI
(kg) in T2 group was significantly increased (7.50%) as compared to control group. The mean
vaue of DMI (kg) of control, T1 and T2 groups were 8.79, 8.84 and 9.45, respectively
(Table 4.3.9). Present data showed that there was positive effect of feeding tannin degrading
bacterid isolate TDGB 406 on over dl DMI by reducing the negative effect of tannin rich feed
on DM intake in goats. The interaction between period and trestment on fortnightly DMI was

do amilar.

Dietary tannins generaly tend to decrease DMI. The reduced DMI is thought to be
caused by the astringent taste and decreased paatability possibly resulting in food avoidance
(Kumar and Singh, 1984). Many mammas, especidly browsers, are able to produce proline
rich salivary proteins (PRP) that are ableto bind to dietary tanninsto inactivate them (Audtin et
al., 1989). There are exceptions to tannin suppression of DMI and in some casesthereisan
increase in DMI due to tannin supplementation (Woodward et al., 2001; Puchala et al.,
2005; Beaucheminetal ., 2007). In cattle fed 70% forage ration supplemented with Quebracho
CT, Beauchemin et al. (2007) reported no adverse effect on DMI, or ADG. Puchala et al.
(2005) reported increased DMI and decreased methane emissions in Angora does fed
Lespedeza cuneata (CT containing forage) vs. amixtureof Digitariaischaemum and Festuca
arundinacea. Frutoset al. (2004) reported no effect of chestnut HT on DMI, ADG and FCR
in finishing lambs consuming a high energy ration.

Wang et al. (1996) observed that the grazing of L. corniculatus (34 g CT kg* DM)
reduced feed intake but increased the gain in live wei ght compared with agroup supplemented
with polyethylene glycol (PEG), which binds tannins and inactivates them. Montoss et al.
(1996) published smilar results. These authors observed a 23% improvement in live weight
gain when lambs grazed Holcus lanatus (4.2 g CT kg* DM). In present study theDMI, ADG
and FCR was improved due to feeding of tannin degrading bacterid isolate TDGB 406 by
nullifying adverse effect of tannins. Using L. acidophilus BG2F04 inaDFM product, Huck et
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al. (1999) observed increased ADG in hefers recelving the DFM treatment with improved
feed efficiency. Increased ADG were observed in calves and crossbred steers, respectively
when P. freudenreichii wasfed in combination with the same (Swinney-Foydet al., 1999) or
adifferent (Rugt et al., 2000) strain of L. acidophilus wasfed. Molinaet al. (1999) worked
to evaluate the effects of dosing unadapted lambs with tannin-tolerant bacteria (Eubacterium
cellulosolvens) to improve the digestibility of ahigh condensed tannin (CT) diet and reported
that crude protein intake (P=0.10) and CPretention (P=0.07) were higher for animasinocul ated

with live bacteria as compare to autoclave group.

The present study showed that feeding of tannin degrading bacterid isolate TDGB
406 to goats nullified the negative effect of tannin rich feed (oak leaves) in respect to dry
metter intake, fortnightly body weight gain and significant improvement in overal body weight
gain, average daily gain and better feed converson efficiency.

4.3.7 Car cass characteristics and meat quality of goats

Data pertaining to carcass characteristics, yield of wholesde cuts and chemical
composition are presented in Table 4.3.10, 4.3.11 and 4.3.12.

4.3.7.1 Saughter and dressing characteristics

The effects of feeding tannin degrading bacteria isolate TDGB 406 on carcass
characterigtics in goats fed on tannin rich oak leaves were comparable (P>0.05) among the
groups. The pre-daughter weight (PSW), empty body weight (EBW) and carcassweight was
non significant (P>0.05) different among the groups and ranged from 18.88 to 19.80, 13.73
t014.56 and 8.72 t0 9.75 kg, respectively.

Dressing percentage (% of PSW) ranged from 46.21 to 49.35 and was comparable
among the three groups viz. control, T1 and T2. Smilar trend was observed with respect to
dressing percentage as % of EBW (Table 4.3.10). The length of carcass was comparable
among the three groups and ranged from 55.75 to 56.25 cm.

Frutos et al. (2004) demonstrated no effect of chestnut tannin (HT) on lamb carcass
tratswhenfed ahigh-grain diet supplemented with gpproximately 0.84 g tanninvkg BW. Kumar
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Table 4.3.10 Effect of feeding tannin degrading bacterial isolate TDGB 406 on car cass
characteristics of goats

Attributes Control T1 T2 SEM P- Value

Pre-daughter weight (PSW) (kg) 18.88 19.05 19.80 1.371 0.779
+0.83 +0.37 +1.42

Empty body weight (EBW) (kg) 13.91 13.73 14.56 1.110 0.738
+0.61 +0.34 +1.17

Carcass weight (kg) 8.72 9.03 9.75 0.603 0.266
+0.44 +0.09 +0.59

Dressed weight (as % of PSW) 46.21 47.42 49.35 1.338 0113
+1.24 +0.92 +0.55

Dressed weight (as % of EBW) 62.69 65.87 67.25 2.035 0.126
+1.33 +1.65 +131

Carcass length (cm) 56.25 56.75 55.75 1.976 0.881

+1.38 +0.48 +1.93

T1= Autoclaved culture group; T2= Live culture group

Table 4.3.11 Effect of feeding tannin degrading bacterial isolate TDGB 406 on yield
of wholesale cuts (% car cass weight)

Attributes Control T1 T2 SEM P- Value

Neck 9.42 10.97 9.19 0.837 0.122
+0.53 +0.21 +0.85

Rack 13.70 14.79 13.98 1.105 0.610
+0.35 +0.54 +1.19

Shoulder 10.23 9.28 8.77 0.667 0.141
+0.42 +0.68 +0.15

Breast & Shank 22.05 2254 20.88 0.971 0.266
+0.30 +0.51 +1.03

Loin 5.96 6.58 6.90 0.556 0.284
+0.18 +0.19 +0.63

Leg 33.00 31.98 30.84 0.935 0.124
+0.93 +0.48 +0.46

Flank 3.80 312 3.09 0.361 0.139

+0.39 +0.14 +0.15

T1= Autoclaved culture group; T2= Live culture group



(b)

Fig. 30 :a) Hot carcass; b) Whole sale cuts of experimental
goats



Results and Discussion....

et al. (2005) reported that feeding high-tannin sorghum to broilers did not affect carcasstraits
or proportiona weights of viscerd organs. McBrayer et al. (1983) reported that carcass
dressing percentage was not affected by the level of dietary incluson of peanut skin that
contained CT 6, 17, or 27 g/lkg DM. Krueger et al. (2010) observed no effect of tanninson
economically important carcasstraitsin steers. Presumably, tannin trested caveswere ableto
extract amilar amounts of nutrients from their diets to dlow smilar growth and carcass
component accretion. Stephens et al. (2010) reported that inclusion of DFM in the diet of
steers had no notable differences in carcass characteritics between cohorts. Wang et al.
(1996) reported that the grazing of L. corniculatus (34 g CT kg 1 DM) increased the carcass
weight and dressing proportion, compared with agroup supplemented with polyethylene glycol
(PEG), which bindsto tannins and inactivates them. In the present study the HT supplemented
through diet was 20.0 to 27.0 g/lkg DM and the adverse effect of tannin was nullified by
feeding of tannin degrading bacterid isolate TDGB 406 in kids.

4.3.7.2 Yidd of whole sale cuts

Theyidd of whole sde cuts (% carcass weight), viz. neck, rack, shoulder, breast and
shank, loin, leg and flank from goats fed on oak leaves with tannin degrading bacterid isolates
TDGB 406 among the groups was found to be comparable without any significant difference
(Table 4.3.11). Soren (2006) observed the per cent yield of different whole sale cuts did not
differ sgnificantly (P>0.05) dueto dietary variation (SBM based control and processed SKC
treatment). Theincorporation of raw and processed SK C aso had no significant effect on the
whole sdle cutsin lambs studied by Prabhu (2002).

4.3.7.3 Chemical composition of meat

Theeffect of tannin degrading bacterid isolate TDGB 406 on chemical composition of
Longissmus dors (LD) muscleis presented in Table 4.3.12. The percentage of moisture in
meset on fresh basi's was comparable among the groups and ranged from 76.90 to 77.06%.
The DM percentage of meat sample was 22.95, 23.10 and 22.95% in control, T1 and T2
groups respectively. The ash content of goat meat was datistically comparable among the
groups and ranged from 4.60 to 4.88%. Similar trend was noticed with respect to organic
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matter percentage of meet. The protein content of meat was Satistically (P=0.080) influenced
in T2 group as compared to T1 group while comparable with mest of control and T1 groups.
The higher protein content in meat of T2 group might be due to higher N balance in body as
compareto T1 and control group aswell asmicrobia protein supply through culture. The fat
content of meat wasSmilar among thegroups (Table4.3.12). Shahjdd et al. (1992) observed
increased protein and fat content in carcass of lambs on high energy diets and an increased in
protein only was seen on diets with high CP content. Frutos et al. (2004) demonstrated no
effect of chestnut tannin (HT) on chemica compostion of the empty body weight between
control and HT treated lambs.

4.3.7.4 Organoleptic evaluation and cooking loss

The data pertaining to organol eptic eval uation and cooking loss of meet ispresented in
Table4.3.13 and 4.3.14. The organol eptic eval uation of pressure cooked mest without salt by
semi trained judges for sensory atributes, viz. appearance, flavor/taste, juiciness, texture/
tenderness and overdl paatability, did not show any gppreciable variation due to feeding of
tannin rich diet with or without tannin degrading bacterid isolates TDGB 406, as they were
found comparable (P>0.05) among the groups (Table 4.3.13).

All the attributes of pressure cooked meat of goat with salt (1.5%, w/w) were
comparable (P>0.05) among the groupswheress, tenderness and overall palatability increased
sgnificantly in chevon of T2 group as compared to T1 and control groups (Table 4.3.14).
However, these parameters were comparable between control and T1 group. It was clearly
reflected in overdl acceptability of the pressure cooked meat with 1.5% common st which
was lower in control group as compare to T2 group. The addition of salt improve water
holding capacity, solubilization of protein, flavor and influences the interactions between actin
and myosin which leadsto emulsification of meet product. Texture/tenderness of mest products
isimproved by activation of protein and paaabity wasimproved by enhancing naturd flavor,
juiciness and protein solubilization. The data indicated no untoward effect of feeding tannin
degrading bacterid isolates TDGB 406 on sensory attributes of goat mest. The supplementation
of carob pulp or acacia(Acacia cyanophylla) foliagein lamb dietsdid not produce detrimentd
effects on meet flavour (Priolo et al., 2000, 2002a).
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Table4.3.12 Effect of feeding tannin degrading bacterial isolate TDGB 406 on
chemical composition of Longissimus dorsi muscle (%, fresh basis)

Attributes Control T1 T2 SEM P- Value

Dry matter 22.95 23.10 22.95 0.642 0.963
+0.59 +0.52 +0.05

Moisture 77.05 76.90 77.06 0.642 0.963
+0.59 +0.52 +0.05

Ash 4.73 4.60 4.88 0.133 0.166
+0.11 +0.08 +0.09

Organic matter 95.27 95.40 95.12 0.133 0.166
+0.11 +0.08 +0.09

Protein 19.68%® 19.28° 20.242 0.368 0.080
+0.10 +0.39 +0.20

Fat 377 3.86 3.99 0.143 0.353
+0.06 +0.12 +0.12

@ Means with different superscript within arow differ significantly

T1= Autoclaved culture group; T2= Live culture group

Table4.3.13 Organoleptic evaluation of pressure cooked meat (without salt) on eight

point Hedonic scale

Attributes Control T1 T2 SEM P- Value

Appearance 5.37 5.50 5.43 0.090 0.394
+0.07 +0.06 +0.07

FHavour/Tagste 5.17 5.10 5.58 0.224 0.160
+0.18 +0.17 +0.12

Texture/Tenderness 5.40 5.43 5.57 0.090 0.228
+0.06 +0.03 +0.09

Juiciness 5.10 5.30 5.33 0.207 0.516
+0.20 +0.10 +0.12

Overd| Pdatability 5.60 5.70 5.83 0.207 0.561
+0.10 +0.20 +0.12

Cooking loss (%) 40.00 41.67 41.33 1.120 0.355
+0.58 +0..88 +0.88

T1= Autoclaved culture group; T2= Live culture group



Table 4.3.14 Organoleptic evaluation of pressure cooked meat (with salt) on eight

point Hedonic scale

Attributes Control T1 T2 SEM P- Value

Appearance 5.87 6.17 6.36 0.200 0.115
+0.19 +0.09 +0.13

Havour/Taste 5.83 5.68 6.37 0.313 0.143
+0.35 +0.09 +0.12

Texture/Tenderness 5.37° 5.69° 6.43* 0.156 0.001
+0.09 +0.17 +0.03

Juiciness 5.40 5.53 5.60 0.255 0.739
+0.21 +0.03 +0.23

Overd| Pdatability 6.07° 5.53° 6.607 0.168 0.016
+0.21 +0.12 +0.15

Cooking loss (%) 41.67 42.67 43.00 1.122 0.506
+0.88 +0..88 +0.58

@ Means with different superscript within arow differ significantly

T1= Autoclaved culture group; T2= Live culture group



Results and Discussion....

The percentage of cooking loss after pressure cooking without and with 1.5% (w/w)
common salt in the meeat of goats fed on oak leaves based diet (control), autoclaved culture
(T1) andliveculture (T2) were40.00, 41.67, 41.33 and 41.67, 42.67, 43.00%, respectively.
The cooking loss of chevon without and with sat (1.5%, w/w) was comparable and dietary
trestments did not impart any significant influence on these losses.

a5 S 2
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Summary and Conclusions

The animd production is one of the important components of Indian agriculture and
contributessignificantly to theincome of farmers. Thelow productivity and poor feed conversion
efficiency of tropica ruminants are aitributed mainly to the poor quality and less availability of
feeds. The feed containing tannins can affect nutrient utilization in diverse ways.Since tannins
arethe most common anti-nutritiona factorsin fodder plants, their reduction from fodder trees
could make them a good source of animd feed in the tropics. Severd attempts like physical,
chemica and biologicd treatments have been used to remove the effects of tanninsbut, al the
procedure tried have their own merit and demerit. Tannins can aso be reduced from the
fodder cropsthrough breeding. However, tannins are serving an important defense system for
the plants; their remova would bring adetrimentd effect on the growth and productivity of the
plant. Therefore, it seems gppropriate to remove the harmful effect of tannins by microbia
degradation in the rumen. The am of present sudy was to identify suitable tannin degrading/
tolerant bacteria from the rumen of goats consuming tannin rich feeds (oak leaves) for the
manipulation of rumen microbid ecosystem towards improving utilization of tannin containing
feeds. This study will give more information about the rumen microbes of Indian livestock
which will help in developing feeding srategies for better utilization of nutrient from tanninrich
feeds.
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PHASE |
ISOLATION AND CHARACTERIZATION OF TANNIN

DEGRADING BACTERIA FROM RUMEN OF GOAT

Tannin degrading bacteriawere isolated from the rumen of goatsfed on oak leavesas
amgor roughage source by repested plating on amedium containing 1% tannic acid. A tota
of sixty two bacteria were isolated. Mgority of the isolates were Gram positive cocci with
medium to long chain length except four isolates (TDGB 409, 428, 430 and 433) were Gram
positive cocco-bacilli of short chain length. Few isolates were Gram negative cocci aso.

Thein vitro study was performed with al the sixty two isolates. All theisolateswere
tested for their ability to produce gas under in vitro gas production test. Therewasvaiaionin
gas production among the isolates. The data indicated that the inclusion of the live culture of
the isolates in the incubation medium simulated rate of fermentation resulting in higher gas
production. Among the fifteen isolates, isolates number TDGB 406, 420, 428, 433 and 450
was comparablein gas production. The highest increasein gas production (9.18%) was noticed

with live culture of TDGB 446 as compared to autoclave culture.

Thein vitro true digedtibility of tannin rich feed (oak leaves) was determined with all
the sixty two bacterid isolates to see thar ability to increase the digedtibility ok leaves. The
highest improvement in digestibility waswith live culture of isolate number TDGB 406 (10.99%)
and lowest (1.13%) with TDGB 425 as compared to autoclave cultures. Among the isolates
the isolate number TDGB 406 was best in terms of feed deigestibility showing 10.99%
improvement in IVTD of oak leaves.

The maximum ammonia nitrogen was recorded (14.10 mg/dl) with the live culture of
isolate number TDGB 406 and lowest (6.94 mg/dl) with the isolate number TDGB 2. There
was no effect on ammonia nitrogen production by live and autoclave isolates as the vaues
were Smilar in both autoclave and live cultures of the respective isolates. The 73.33% live

cultures had showed improved ammonianitrogen production as compared to autoclave culture.

The maximum TVFA production (mM/dl) was observed (4.64) with the live culture
TDGB 415, and lowest (3.37) with the isolate number TDGB 446. The inclusion of live
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culture of tannin degrading bacteriaincreased TVFA production as compared with autoclave
culture by mogt of the isolates. The molar proportion of acetate was Smilar between live and
autoclave cultures. Inclusion of live bacterid culture reduced the acetate to propionate retio
with mogt of the isolates with increased propionate and butyrate production.

After screening of sixty two isolatesfor their ability to increasein vitro truedigedtibility
of tannin rich feed (oak leaves), fifteen were selected and were subjected for biochemica
characterization test viz. sugar utilization, phenolic monomer tolerance, tannic acid tolerance,
tannic acid degradation and tannase activity. All thefifteen isolatesgrew in presence of fructose,
gaactose, lactose, starch, matose, glycerol and mannose. All the fifteen isolates were grown
in the presence of vanillic, p-coumaric, pyrogdlol and gdlic acid upto 20 mM concentration.
Ferulic acid was mogt toxic among the phenolic monomers tested. Among the fifteen isolates
screened for their ability to tolerate phenolic monomers, isolates TDGB 409, 425, 428, 430
and 433 were sengtiveto these monomerswheress, rest were highly tolerant to these monomers.
All the fifteen isolates tolerated tannic acid upto 3% level and none of them was able to grow
in the medium containing tannic acid higher than 3%. Mgority of the isolates were able to
degrade tannic acid to pyrogallol except isolates TDGB 409, 428, 430 and 433 to gdllic acid
after 24 h of incubation. None of the isolates degraded tannic acid to resorcinol even after 96
h of incubation period. All the isolates were tannase positive and highest tannase activity was
(72.02 nmol) found in isolate number TDGB 417 and lowest was (28.92 nmal) in isolate
number TDGB 428.

Molecular characterization of the isolates was done by using conventional PCR
technique. The genomic DNA extracted from the isolate was amplified usng universd aswell
as gene specific primers (Streptococcus) for rumen bacteria. The phylogenetic analyss of
sequence of 16S rRNA gene (tannin tolerant bacteria, 1500 bp size and tannin degrading
bacteria, 1200 bp sze) was digned with claustaVV method and found that the i solates showed
smilarity with Sreptococcus gallolyticus except isolate number TDGB 409, 428, 430 and
433 which showed smilarity with Clostridium spp. The strain TDGB 406 had shown 100%
identity with Streptococcus gallolyticus subsp. gallolyticus. Theisolateswere dso amplified
with sodA gene primer (Streptococcus, 408 bp size) except TDGB 409, 428, 430 and 433.
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The phylogenetic analyss of sequence of the strain had shown smilarity with Streptococcus
gallolyticus subsp. gallolyticus. Therefore, isolate number TDGB 406 was selected for in
vivo studiesonthebassof IVTD, tolerant to phenolic monomers, tannic acid, tannase activity
and tannic acid degradation efficiency.

PHASE ||

EFFECT OF FEEDING TANNIN DEGRADING BACTERIA AS
PROBIOTIC ON RUMEN FERMENTATION AND MICROBIAL
ECOSYSTEM OF GOAT

Effect of feeding tannin degrading bacteria isolate TDGB 406 as probiotic on rumen
fermentation and microbid profile of goat fed on oak leaveswas studied. The bacterid isolate
number TDGB 406 was selected for thefeeding, asit exhibited highest tolerance to the phenalic
monomers and tannic acid dong with good tannase activity and maximum improvement in

IVTD of oak leaves.

Three adult mae fistulated goats were didtributed into 3x3 Latin square designs. The
average body weight of the goats of control, autoclaved (T1) and live group (T2) was 28.33,
27.83 and 28.10 kg, respectively were comparable among the groups. The animals were fed
fixed quantity of oak leaves (40% of DMI) and concentrate mixture but ad libitum weighed
quantity of maize hay. The chemica composition (%) of totd tannin phenolics (TTPh),
condensed tannin (CT) and hydrolysable tannin (HT) content of the oak leaves was 9.31,
1.45, and 7.86, respectively. Out of the tota DMI, about 50% was through concentrate
mixture and rest wasthrough oak leaves and maize hay. Theintake of the DM was comparable
among the groups and addition of live culture of isolate TDGB 406 had not shown any effect
on DMI in fistulated goats.

The mean vaues of rumen pH of the control, T1 and T2 groups were 6.13, 6.19 and
6.13, respectively. Therewas no significant difference (P>0.05) in the rumen liquor pH among
the groups. The production of TV FA was not affected due the feeding of isolate TDGB 406 as
aprobiotic among thegroups. Themolar percentage of VFA fractionsand acetateto propionate

ratio in the rumen liquor of dl the three groups were comparable.
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Ammonia nitrogen in the rumen liquor of goats of live culture group was sgnificantly
higher (P<0.05) as compared to control group. There was no significant difference (P>0.05)
in tota nitrogen, TCA-ppt nitrogen and non-protein nitrogen among the groups. The lactic
acid concentration (mg/dl) in control, T1 and T2 groupswas 1.97, 2.24 and 1.59, respectively

and were comparable among the groups.

The specific activity of carboxymethyl cdllulase, xylanase, protease and tannasein T2
group was gpparently higher than T1 and control groups. Therewas no difference (P>0.05) in
holotrichs, spirotrichs and total protozoa count among the groups at zero hour and pooled
sample. The population dengity of total bacteria and total fungi (Iog number of cdlls/g rumen
contents) among the group was aso comparable but tannin degrading/tolerating bacteriawere
increased (P<0.01) in live culture group. Effect of feeding tannin degrading bacterid isolate
TDGB 406 on expresson and population dengty of rumen microbes at O h feeding of the
goats was determined using red time PCR. The expresson and population dengity of tota
bacteria, fungi, Ruminococcus flavefaciens, Fibrobacter succinogenes and methanogens

was Smilar anong the groups.

PHASE Il

EFFECT OF FEEDING TANNIN DEGRADING BACTERIA AS
PROBIOTIC ON GROWTH PERFORMANCE AND NUTRIENT
UTILIZATION IN GOATSFED ON OAK LEAVES

Effect of feeding tannin degrading bacteria isolate TDGB 406 asaprobiotic on growth
performance and nutrient utilization in goat fed on oak leaves was studied as this isolate has
shown better tannase activity, able to degrade tannin and exhibited highest tolerance to the

phenolic monomers and tannic acid dong with maximum improvement in IVTD of o2k leaves.

Eighteen maekidsaverage body weight (9.5 £ 1.5 kg) weredivided into three groups.
Group 1 served as control while animals of group 2 were given autoclaved culture of TDGB
406 and animas of group 3 were given live culture of bacterium @ 5 ml per kg BW. All the
animas were offered amilar diets containing oak leaves, maize hay and concentrate mixture.
The DMI by live culture fed group was higher than the goats of control and autoclaved culture
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fed groups. Theintake of CP, DCP and TDN (g/kgW°7®) was Sgnificantly higher in T2 group
as compared to control group. The intake of total tannin phenolics was 2.5-3.3%; HT, 2.0-
2.7% and CT, 0.5-0.6% of tota DMI in goats. The intake of DM in probiotic fed goats was
more aong with increased digestibility of nutrientswhich resulted significantly higher (P<0.05)
TDN intake (g/kgW° ) among the groups. The intake of DM, CP and TDN were fully met
out in both the groups as per NRC (2007).

The DMI washigher inlive group as compared to other two group, but differencewas
non sgnificant (P>0.05) during metabalic trid. The DM digedtibility was 6.26% higher in T2
group as compared to control. The increase in digestibility of different nutrientsin T2 group
might be due to the postive effect of live culture of TDGB 406 bacterid isolate given to goat
in the form of probiotic. The nitrogen intake (g/d) in control, T1 and T2 groups was 13.84,
13.88 and 14.94, respectively. The N intake (g/d) was comparatively higher (7.94%) in T2
group as compared to control group. The N intake (g/kg WP-5/d) was Sgnificantly higher
(P<0.01) in T2 group as compared to control and T1 group. All the animals were in positive
nitrogen balance. The N balance was 23.37% higher in T2 group as compared to control.

The excretion of PD in urine is a widdy accepted marker for estimating microbia
protein synthesis in ruminants. The data showed 12.89% increased urinary dlantoin in T2
group as compared to control. Uric acid (mM/litre and mM/WP°75/day), xanthine & hypo-
xanthine (mM/litreand mM/WP°75/day) inurine of al groupsweresmilar. Totd purinederivatives
(mM/litre) in urine were 31.41, 45.20 and 37.54 in control, T1 and T2 groups, respectively.
Cregtinine (mM/litre and mM/WP"5/day) was datisticaly smilar in al the groups. The PDC
index among the groups was smilar. The microbia purine absorbed and microbid nitrogen
supply was dso similar among the groups. Present study showed that there was no significant
effect of feeding tannin degrading bacteria isolate TDGB 406 on urinary purine derivatives
(microbia protein production) in goats.

The initid body weight (kg) of kids of control (11.90), autoclaved (12.11) and live
culture group (11.72) was comparable. The body weight gain (kg) and average daily gain (o/
d) was sgnificantly higher (P=0.071) in live culture fed group as compared to control. The
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ADG was 8.03 and 30.13% higher in T1 and T2 group as compared to control. The total
DMI by theanimasof T2 group was 6.86 and 7.45% higher than T1 and control animas. The
feed conversion efficiency was sgnificantly (P=0.108) improved in T2 than control group. The
FCR in live culture group was 17.78% lower than control group. Improvement in the body
weight gain and average daily gainin T2 group might be due to higher intake of CP (7.49%)
and TDN (18.19%) as compared to control animas. The present study showed that feeding
of tannin degrading bacterid isolate TDGB 406 in goats reduced the negetive effect of tannin
rich feed (0ak |eaves) asthe dry matter intake, body weight gain and feed converson efficiency

were improved in the live culture fed group.

The effects of feeding tannin degrading bacteria isolate TDGB 406 on carcass
characterigtics in goats fed on tannin rich oak leaves was comparable (P>0.05) among the
groups. The pre-daughter weight (PSW), empty body weight (EBW) and carcassweight was
non significant (P>0.05) among the groups. Dressing percentage (as % of PSW) ranged from
46.21 to 49.35 and was comparable among the groups. The yield of whole sde cuts (%
carcassweight), viz. neck, rack, shoulder, breast and shank, loin, leg and flank from goats fed
on oak leaveswith tannin degrading bacteria isolates TDGB 406 wasfound to be comparable
among the groups.

The moisture percentage in meat on fresh basis was comparable among the groups
and ranged from 76.90 to 77.06%. The ash content of goat meat was aso comparable among
the groups and ranged from 4.60 to 4.88%. Similar trend was noticed on the organic matter
percentage of megt. The protein content of meat was sgnificantly (P=0.080) improved in T2

group as compared to T1 group and control group.

The organoleptic evauation of pressure cooked meat without sdt by semi trained
judges for sensory attributes, viz. gppearance, flavor/taste, juiciness, texture/tenderness and
overdl paatability, did not show any gppreciable variaion due to feeding of tannin degrading
bacterid isolates TDGB 406, asthey werefound statistically comparable (P>0.05) among the
groups. All the attributes of pressure cooked meat of goats with sat (1.5%, wiw) were
comparable (P>0.05) among the groups whereas, the tenderness and overal pdatability
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increased significantly in chevon of T2 group as compared to T1 and control groups. The
results indicated no untoward effect of feeding tannin degrading bacterid isolates TDGB 406
as probiotic on sensory attributes of goat medt.

The results of present study can be concluded as follows:

Out of 62 tannin degrading/tolerating bacteria isolated from the rumen of goat, 15
isolates showed improvement inthe IV TD of oak leaves. Theisolatesexhibited tannase
activity and tannin degrading ability.

The feeding of tannin degrading bacterid isolate (TDGB 406) as probiotic resulted in
improved growth performance and FCR without affecting the rumen fermentation in

goats fed on oak leaves as one of the main roughage source.

Further study needed:

Mode of feeding of live culture as probictic to the animasin field conditions needs to
be explored.

Tracking of supplemented cultures as probiotic to see whether they are establishing in

the rumen or not.

S 25 S
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6] Mini Abstract

Present study dedls with the identification and evauation of tannin degrading bacteria
asaprobiotic for improved utilization of treeleavesby goat. Sixty two tannin degrading bacteria
were isolated from the rumen of goats fed on oak leaves (Quercus semicarpifolia) as major
roughage source. Mogt of the isolates were Gram positive cocci with medium and long chain
except 4 isolates (TDGB 409, 428, 430 and 433), were Gram positive cocco-bacilli of short
chainlength. After screening of dl theisolatesfor thar ability toincreasein vitro digedtibility of
tannin rich feed, fifteen were sdlected and were subjected for biochemical characterization test
viz. sugar utilization, phenolic monomer tolerance, tannic acid tolerance, tannic acid degradation
and tannase activity. All the fifteen isolates have grown in the presence of fructose, gaactose,
lactose, starch, matose, glycerol and mannose and aso in the presence of pyrogallol and gdlic
acid upto 20 mM concentration. Ferulic acid was most toxic among the phenolic monomers
tested. All the isolates were able to degrade tannic acid to pyrogallol except isolates TDGB
409, 428, 430 and 433, gdlic acid after 24 h of incubation. None of the isolates degraded
tannic acid to resorcinol even after 96 h of incubation. The phylogenetic andyss of dl the
isolates showed Smilarity with Streptococcus gall ol yti cus except isolate number TDGB 409,
428, 430 and 433 which showed amilarity with Clostridiumspp. Theisolate number TDGB
406 was best in terms of feed digestibility showing 10.99% improvement in IVTD of osk
leaves. Effect of feeding tannin degrading bacterid isolate TDGB 406 as probiotic on rumen
fermentation pattern and microbid profile of goat fed on oak leaves was sudied usng three
fistulated adult male goatsinto 3x3 Latin square design. Out of thetotal DM, about 50% was
through concentrate mixture and rest was through oak leaves and maize hay. Theintake of the
DM was comparable among the groups. Production of rumen metabolites (TVFA and its
fractions, lactic acid, activity of CMCase, xylanase, protease and tannase) were unaffected
except ammoniaN which was increased (P<0.05) due to feeding of live culture of TDGB
406. The rumen microbid profile (ciliate protozoa, total bacteria, fungi and Ruminococcus
flavefaciens, Fibrobacter succinogenes and total methanogens) were dso smilar except
tannin degrading/tol erating bacteria, which wereincreased dueto live culture supplementation.
To study the effect of feeding TDGB 406 as probiotic, 18 malekids average body weight (9.5
* 1.5 kg) were divided into three groups. Group 1 served as control while animas of group 2
were given autoclaved culture of TDGB 406 and animds of group 3 were given live culture of
isolate TDGB 406 @ 5 ml per kg BW. All the animds were offered smilar diets containing
0ak leaves, maize hay and concentrate mixture. The intake of the DM was increased due to
feeding of live culture. The DM digegtibility was 6.26% higher (P=0.087) in live culture fed
group ascompared to contral. All theanimaswerein postive nitrogen balance. Smilar excretion
of urinary purine derivatives indicated same microbia protein synthessin al the groups. The
feeding of live culture of TDGB 406 resulted in higher DMI, body weight gain and better feed
converson efficiency in goatswithout affecting carcass characterigtics, meet quaity and chemica
composition of mest.
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AT T BT IFTY ¢ Bl faufed ST arel STy &1 9ga Ud gHhixal §
el @ Uil B U g W SB! WEYRS D WU H IGAII BT HedTdhT BT 8 |
IHRAT BT WY, (31h) B fcrdl RaeTipr S WA | 6 2 <+ faeresd Siarjsii &1 gord
b1 71 | =R g2reh Sharu]ai (S SIS, 409, 428, 430 Ud 43 3) Bl BIeHR 3 AN
Yoy SIATY] I Yrotfed Hadrs IR T | 9 gDl Bl S S Jad 3MeR &I T ol
EFAT B JAMYR R S PR 1 5 GBI BT TIF DR SAP] IREell 319 ST JurTell & gRT
19 RS F&T0T ¥ b ST6_T 31 A &7 &7, < o7t T i ST faeed &
BT GAAT T CIol ST Bl BRI BT G fha1 M1 | I 1 5 JISp SIary] Fahera,
AeTderST, HAIST, I, STaeiol, ATeTeIS Gd TlRiRIel ol SURIRT H 21 2 0 Aietrsrel |l
Tl TrSRRTAT Ud Vel 317t H gad Ui T | 99T Sf Tohoul H & Bwferd 315 Pl YHTg
9yp] Bl Il TR AaAlfH THRIAS I8l | Ra gored ST=ISndl 409, 428, 430 U9
433 3, 3 G JUF ¢HH 37 Bl UIgRNIcirel # f[Tafed - R J=Ifd BIg W gord 96
TS B IWA A <P el Bl RARAA 9 fTedd 78 &= 91| 99 99 a9argid
eIl # FWaIaadel Teicsadd & 6T TR T o9 fb A SSNET. 409, 428,
430 U9 433 &, FARGSIIH & THWY TR T | JUb F&T STSISN A, 406 @Y D
Ifecqal & faged 4 10.99 YR god & A1 FIES TR AT | TRIIRI, 9 oHH
Tthergeics =% TRl H YUdh &I A SIS Al 406 DI WEARD B HY H WY DI qferdl
& A1 ReeTex S7a w9 # e fhanfafer v Gerarda! gaera &1 sreqa foham M |
HHUT e Tel garef BT 50 Y a1 fHs07 | qor A9 wRY B ufd] Ud 7D D &
=T 731 | A AeieTse W el araRiiel 3, olfded 3T, Td SrallgH oidifdh &l T T
TS, STSAMST, WIfCAST UG o] H BIg STaR &l YT T-T STl STHIA™T 5914 H (P<0.0 5)
ST WTERS aTel TE § TR g3 | 0 GEroifda! JacRal, THal, THAIpIaHd,
BIgSIIaeR g AT A Rl H FHM & Saa] SHfad WEYReS dlel 99e 9 o1 faeed
B Il SATISH B A H gig U8 T8 | 96 & 18 AR WAl I NPT Siad goi
9.5+1.5HYT. o1, BT 3 SRISR YU H FICHR S U < 1. S &1, 406 DI WY B By §
RIATHR I TRIR WR Y9I g UISeh q<dl Dl T2 Dl &THAT BT AT fha1 T | I 1 Dl
FEIeT TG 2 BT AMederd LS. 406 TI YA 3 BT oNfdd T SNA. 406 BT Foav,
5 et /fepan. TRIR 9R & &% 3 o= TR0 | 991 U bl SRISR A1 | @R, B ferdll, qad
P & T ST 7507 fam T | ST eak @ dTel gu W Y ga1ed 9 qrEedr 6.26
TR SIS 978 T8 Td A AR giifed e A U T | 9 SI9 e # <1 S ol 4.
406 & SNAT Hear Bl Raer | b gaTed SIE0, TRIX IR H Iig U9 3R o IS H
IR &Aal 9 gig I8 T, D! I8 A Bl Uac] Ud SRS 167 H Dy gqeld
&l aTT T |
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