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INTRODUCTION

Though goats form only about 20 percent of the total

livestock population in India, they contribute substantially

to the national economy of the country to the tune of

Rs. 4.15 billion of which 79 percent is from meat (Jakhar,

1992), besides the other valuable products such as milk,

skin, hair and manure. The contribution of the goat is

specially manifest in the rural areas where the animals

are closely associat.:;-J with the economically backward

classes. This contribution from the goats in terms of the

nutrition of the rural folk, effective utilisation of family

labour, generation of family income and utilisation of

agro-industrial as well as domestic wastes is, however,

several times more than the estimations made on the basis of

economic returns.

Goat, being a small sized ruminant, is capable of

integrating itself with dissimilar socio-economic conditions

prevailing in our country. The dual purpose Malabari breed

of goat, native to Kerala is medium in stature, alert in

disposition, prolific in breeding and economic to sustain

and has secured a place in the rural economy of the state.

Goats are sensitive animals with peculiar feeding

habits. The natural browsing habit of the goats has

acclaimed it to be the ideally suited animal for mountainous



reyions. In a state like Kerala which is blessed with an

extensive tropical vegetation, the possibility of a

flourishing goat industry is quite conceivable. Goats have

unique preferences for shrubs and tree leaves, some of which

are even rejected by other livestock. The special feeding

habits of goats are particularly significant in areas where

the quality and quantity of feed is scarce to meet the basic

nutritional requirement for body function.

Leaf fodder from the trees and shrubs are good sources

of protein, minerals and vitamin A. They also have the

advantage of easy availability and accessibility in the

farms, apart from providing nutrients and variety in the

diet. Over 60 percent of the fodder requirements of goats

are normally met from the shrubs and the top feeds. But

many palatable browse species contain one or more anti-

nutritional factors and/or inhibitors that bind or other

wise prevent the utilization of nutrients contained in

plants. Among such inhibitors are tannins (Kumar and

Vaithiyanathan, 1990), Saponins (Gupta, 1991), Oxalic acid

(Banerjee, 1990), cyanogenetic glycosides (Gupta, 1991),

nitrates and nitrites and certain essential oils (terpene

based organic compounds) (Ensminger ̂  ̂. , 1990). Mimosine

present in the leaves of Leucaena leucocephala species is

another factor which when ingested in large quantities

produce ill effects (Singh, 1990).



Plant tannins are complex phenolic polymers which vary

in chemical structure and biological activity. Two groups

of natural tannins are found, the hydrolysable tannins which

occur mainly in the fruit pods and plant galls and condensed

tannins commonly found in forages. The principal forage

tannins are of the condensed type (McLeod, 1974),

The negative nutritional effects of the tannins are

diverse but the major effect is to decrease the

digestibility of protein and carbohydrates. This is most

likely a consequence of the interaction of tannins with

either protein or carbohydrates to form enzyme resistant

substrates. Interaction with enzymes themselves may also

lead to an interference with the digestibility of these

substances (Lienar, 1990), Thus tannins are shown to

depress the nutritive value of feeds by reducing voluntary
feed intake (Patel et , 1972), dry matter digestibility
(Ahn et ^,, 198^), protein digestibility (Lohan ^ ,
1980) and adversely affect the rumen metabolism in general

(McLeod, 1974),

Condensed tannins are reported to have a greater

inhibitory effect on the activity of both enzymes and

microorganisms than hydrolysable tannins (Anjaneya Prasad,
1986), It is suggested that condensed tannins bind the

protein irreversibly making them indigestible (Zelter



et al. , 1970). On the other hand, hydrolysable tannins have

less deleterious effect on protein digestion since they are

readily hydrolysed under acidic conditions of the stomach

(Brown et 1966 ).

Although tannins have an adverse effect on

digestibility of nutrients, low contents may improve the

quality by protecting protein from bacterial degradation

(Reid ̂  , 1974). There are reports that legume fodders

rich in tannins are better source of by-pass protein than

low tannin legumes (Reid et al., 1974). This protein

protecting property of tannin is restricted to hydrolysable

tannins only (McLeod, 1974). But studies have been focused

more on the deleterious effects of high concentration of

tannins in some of the feeds and forages than their

protective function at lower levels of inclusions.

Tree leaves contain both condensed and hydrolysable

tannins. The observations that tannin containing feeds

exert no significant decrease in digestibility of crude

protein (Gupta, 1986 and Desai and Shulcla, 1978 ) or they

improve nutritive value of herbage at lower concentrations

suggest that it is not only the total tannin content that is

responsible, but also the type of tannins and their level

present in these feeds which determine the extent to which

the digestibility of protein in ruminants can be affected



and that the net effect on protein digestibility can be

assessed only from the nitrogen balance of animals (Nath,

1983). Further, ruminants appear to tolerate relatively

higher levels of tannins and no toxic effect or nutritional

disorder was observed in cattle fed diets with five percent

tannic acid (McLeod, 1974).

Though there are a number of reports on the deleterious

effects of total tannins on the digestibility and nutrient

availability in feeds and fodders, studies on the nature and

extent of different tannins present in different fodders and

their effect on nutrient availability in livestock

especially goats are scanty and varied. Hence the present

investigation was taken up with the objective of identifying

the various tannin rich fodders commonly fed to goats and

assessing the effects of the nature and extent of different

types of tannins in them on the digestibility and

availability of nutrients in goats.





REVIEW OF LITERATURE

Tannins, which are found in families of dicotyledons

such as leguminosae, tree leaves and forage crops are only a

fraction of the poly-phenolic residues produced by plants

(Anjaneya Prasad, 1986). Many tree leaves though similar to

good quality fodder in chemical composition have low

palatability and nutrient digestibility because of the

presence of deleterious factors like tannins, essential oils

or other aromatic compounds (Kumar and Vaithiyanathan,

1990;.

2.1. Chemical nature of tannins

Freudenberg (1920) has classified the tannins into two

groups, viz., the hydrolysable tannins and the condensed

tannins based on the structure (McLeod, 1974).

2.1.1. Hydrolysable tannins

Hydrolysable tannins are those in which gallic acid and

its congener hexahydroxydiphenic acid and ellagic acid are

linked in sufficient proportion to a sugar by glycosidic

linkage to provide poly-phenolic compounds of relatively

high molecular weight (Gupta, 1986). They can be hydrolysed

easily by hot mineral acids or tannin-acyl-hydrolysases to

give glucose or some poly-hydric alcohol and the constituent

acid (Makkar and Negi, 1986).



2.1.2. Condensed tannins

Condensed tannins are made up only of the flavone type
and are often called flavolans because they are polymers of

flavons such as flavan-3-ol or flavan-3,4, diols (Anjaneya

Prasad, 1986;. They have no carbohydrate core and they do
not readily break down with acids, instead they undergo

progressive polymerization under the action of acids to

yield amorphous phosphorud (McLeod, 1974; Nath, 1986;

Makkar and Negi, 1986; Gupta, 1986 and Makkar ̂  al., 1987).
The condensed tannins have been classified into procyanidin

and prodelphidin groups on the basis of anthocyanidin and

prodelphidin (Gupta, 1986). The condensed tannins are the

most widespread and typical of plant tannins (Mangan, 1988).

2.2. Occurrence of tannins in tree leaves

Generally tree leaves and browse are reported to

contain both types of tannins (Kumar and Vaithiyanathan,

1990j. But McLeod (1974) observed that the principal forage
tannins are of the condensed type. Pryor ̂  al. (1972) in

their experiment with supple jack (Ventilago vininatus)

showed that the leaf contained 14 percent tannins. Devasia

et al. (1976) reported that jack leaves contained 2.19

percent of total tannins on dry matter basis. James et al.

a977; observed the presence of tannin in jack (Artocarpus



heterophyllus), Subabul (Leucaena leucocephala) and Banana

(Musa paradiosiaca) to the extent of 5.2, 4.8 and 2.4

percent respectively on dry matter basis. A total tannin

content of 4.68 percent in venga (Pterocarpus marsupium)

leaves have been reported by Kunjikutty et (1980).

Thomas et al. (1981) in their study on locally available

tree leaves observed that the total tannin content in the

various leaves ranged from 1.1-4.17 percent on dry matter

basis. Negi (1982) reported that on dry matter basis sal

seed contained 7-12 percent tannin, while Singh and Arora

1,1980; recorded a total tannin content of 11.76 percent in

sal seed meal on dry matter basis, of which 6.48 percent was

hydrolysable tannin and 4.8 percent condensed tannins.

Lohan et (1983) in their work on Oak leaves showed that

the leaf contained 2.5 percent of condensed tannin on dry

matter basis. They also observed that out of the 26 fodder

species analysed, 11 species contained no condensed tannin

at all. Akbar and Gupta (1985) reported that the tannin

content in Leucaena leucocephala ranged from 7.33 to 19.0

microgram per g, while Dogra ̂  (1986) observed that the

concentration ranged from 2.07 - 6.4 percent in various

seasons. Panda ^_t aJ^.(1987) found that the leaves of

Calliandra calothyrus contained 5.85 percent of tannins.

Majgaonkar ̂  al. (1987) observed that the leaves of Gmelina

arborea contained 2.62 percent of the total tannins. A



centration of 1.7 percent of tannins in Glyricidia
SaEHiSta was reported by Bharia et al. (1987). Gupta and
Balaraman (1992, observed wide variation in the total and
condensed tannins in the species of fodders they studied,
the concentration ranging from 0.5-8.12 for total tannins
and 0.0-5.2 percent for condensed tannins.

2.3. Effect of tannins on feed int^Jc^ ^ ■
utilisation ^eea intake and nutrient

2.3.1. Voluntary feed intake

Singh and Arora (1980, observed no significant
difference in dry matter intake in different groups of cross
bred calves receiving diets with or without sal seed oil
meal with a tannin content of 3.75 percent. But Singh (1982,
reported an improvement in the palatability of Robina
pseudoacacia leaves with a decrease in tannin content.
Panda et al. (1983, reported that the dry matter intake from
daman (Euaenia iambolana, leaves with 6.5 percent tannin was
less than pipal (^_us reliqiosal leaves with 0.7 percent
tannin in goats. Van Hoven (1984, established an inverse
relationship between the concentration of total tannin in
the leaves and the level of feed intake by animals. A high
level of tannin is reported to depress the feed intake by
diminishing the permeability of gut wall (liitjavila et al..
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1977;, by influencing the hormone level (Barry, 1984) or by

making the leaves unpalatable (Burns and Copes, 1974). The

P^^sence of tannins in feed stuffs is found to adversely

affect the voluntary feed intake (Anjaneya Prasad, 1986;

Makkar and Negi, 1986 and Robbins et al., 1987). However,

Akbar and Gupta (1990) in their study with different levels

of Faba bean (Vicia faba) did not find any significant

difference in dry matter intake of animals fed rations in

which groundnut protein was replaced by faba bean seed at

25, 50 and 75 percent level. Sharma £t al. (1990) in their

study with Acacia nicolotica and Leucaena leucocephala

leaves observed that both leaves were quite palatable

eventhough the tannin content of A. nicolotica was very

high. Teague (1991) reported that generally leaf and shoot

intake from Acacia karoo were negatively related to tannin

content. Bhatia ̂ t al. (1991) showed that treatment of pala

(Z i z yphus nummular ia) leaves with poly~ethylene glycol

increased the dry matter intake by 1.5 times. Menke and

Leinmuller (1991) suggested that tannins may precipitate

salivary protein causing an astringent taste in mouth, there

by decreasing dry matter intake. In general, an inverse

relationship has been found between protein precipitating

capacity of tannins in tree leaves and palatability and

voluntary intake in grazing and browsing animals. (Kumar

and Vaithiyanathan, 1990; Waghorn ̂  , 1991; Pan and

Maitra, 1991; Teague, 1991 and Menke and Lein muller, 1991).
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2.3.2. Nutrient digestibility

The adverse effect of tannins on nutrient digestibility

has been amply recorded by their effect on enzyme inhibition

and on dry matter, protein and other nutrient

digestibilities and their retention (Gupta, 1986)

Tripathi (1974 ) observed that the breaJ^down of ground nut

protein in the goat rumen was inhibited by banana leaf

tannins.

Mitjavila £t al.(1977) reported that added tannic acid

in the diet of rats caused increased mucin secretion by

intestinal mucosa and also inhibited oxygen consumption and

succinic dehydrogenase activity in these cells. Lohan ̂  al.

il981; found that the aqueous extract of Oak leaves (Quercus

inaca inhibited the reactivity of ruminal fluid. McLeod

U974) and Makkar and Negi (1986) opined that the decrease

in digestibility of nutrients by tannins may be due to their

enzyme inhibitory activity. Lohan ^t a_l. (1983) observed

that the urease and proteolytic activities were

significantly lowered at high levels of Oak leaves in the

ration. Kumar and Singh (1984) -found that the tannins of

pala (Zizyphus nummularia) leaves inhibited the proteolysis

of casein and subsequent ammonia production in the rumen in

vitro. Gupta (1986) suggested that the inhibition of enzyme

by tannin may be accompanied by an increase in the
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production of enzyme by the animal system in order to

counteract the effect of inhibition and ultimately may

adversely affect the animal system depending upon the level

of tannin in the diet. Makkar ̂  (1990) observed that

the tannins of Oak leaves decreased the activities of

urease, carboxymethylcellulase, glutamate dehydrogenase and

alanine — amino-transferase and increased the activities of

glutamate-aminoligase in the rumen. The enzymes which acted

in a neutral or slightly acidic pH were found to be more

affected by tannins (Pace et a)^. 1991).

Sadanandan and Arora (1976) reported that incremental

additions of tannic acid upto 7.5 percent in different

treatments decreased microbial RNA, DNA and Protein

synthesis in rats. The lower nucleic acid nitrogen and

higher protein in the rumen liquor of buffaloes fed sal seed

meal were attributed to a decrease in deamination by

bacteria when ruminants are fed diets containing tannins

iSadanandan and Arora, 1979). Singh and Arora (1980)

fractionated the total tannins in sal seed (Shorea robusta

qermate. F) to ethyl acetate and lead acetate fractions and

found that both the fractions depressed microbial protein

synthesis, the lead acetate fraction being more

deleterious than the ethyl acetate fraction. Lohan ^ al.

(1983; also observed a significant reduction in rumen
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bacterial nitrogen when the ration contained high levels of

Oak leaves. They suggested that enzyme inhibition may be the

consequence of microbial inhibition, or vice versa.

According to Gupta (1986) different sources of tannins have

different effects on anti microbial activity. Chiquette et

(1988) by scanning and transmission electron microscopy

showed that rumen bacteria formed multiple adherent micro-

colony on high tannin leaf and surface of the plant and these

colonies did not penetrate the plant tissues as effectively

as did bacteria associated with low tannin strains. Barry

and Manley (1984; in their study with Lotus pedunculatus

reported that the digestibilities of all nutrients measured

were less for high tannin varieties of Lotus. They also

observed that the presence of condensed tannins in Lotus

increased post ruminal nonammonia nitrogen absorption, but

depressed ruminal digestion of readily fermentable

carbohydrates and hemicellulose. Van Hoven (1984) recorded a

decline in IVDMD of greater kudu leaves with an increase in

tannin content in these leaves.

2.3.3. Dry matter digestibility

Donelly ^ (1973) in their study with two

varieties of Sericea lespedeza varying in tannin content

reported that the dry matter digestibility in low tannin

varieties was better than that of high tannin varieties.

Mitjavila £t ̂ 1. il977) observed that tannins slow down the
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digestion of dry matter in the rumen. A low digestibility

coefficient of dry matter for jack (Artocarpus

heterophyllus) leaves with 2.19 percent tannins has been

reported by Devasia ̂  (1976 ). Gupta (1991) in his

study with khanyan (Ficus cunia) reported low dry matter

digestibility in goats. In studies with Leucaena

leucocephala and L. diversifolia, Dogra et (1986)

observed better IVDMD for L. leucocephala with lower tannin

than the other species. However no reduction in dry matter

digestibility was recorded by Kunjikutty ̂  (1980) in

goats fed with venga (Pterocarpus marsupium) leaves

containing 4.68 percent of total tannins.

In vitro dry matter disappearance was found to decline

with an increasing tannin content in tree leaves (Waterman

et aJ^. , 1980). A direct relationship between the low IVDMD

of tree leaves and their tannin content has been reported by

several other scientists. Panda et (1983) and Van Hoven

^1984; also recorded a decrease in IVDMD of lucerne with an

increase in tannic acid concentration. He also demonstrated

that both the hydrolysable and condensed tannins have a

negative influence on IVDMD, the influence of condensed

tannins being more pronounced. Reed ̂  al. (1985) observed

that condensed tannins reduced the neutral detergent fibre

digestibility but Robbins £t (1987) could not find any

effect on NDF digestibility due to tannins.
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Reddy and Reddy (1984) in their study using mango

leaves observed that high content of tannin in mango leaves

depressed the digestibility of all nutrients in sheep.

Chiquette et (1988) reported that the dry matter

disappearance from high tannin variety of Lotus pedunculatus

was less than from the low tannin variety. In feeding trials

with Calliandra calothyrus, Panda ̂  al. (1987) observed

lower digestibility coefficient for all nutrients except

NFE. A high negative correlation between tannin content and

dry matter digestibility has been observed by Garrido ̂  al.

ll991;. Pace et (1991) showed that the inhibitory effect

of tannic acid was about twice that of condensed tannins.

However, no depressing effect on dry matter

digestibility due to tannic acid was noticed by Singh and

Roy ^1981), Bharia £t al. (1987) and Pan and Maitra (1991).

Also no reduction in digestibilities of nutrients in the

presence of tannins or supplemented tannic acid in the diet

was observed by Ingalls et (1980); Singh and Arora

(1980;; Gupta et al. (1988) and Akbar and Gupta (1990).

2.3.4. Crude protein digestibility

Donelly et ad. (1973) reported that the crude protein

digestibility of low tannin variety of Serecia lespedeza in

bullocks was better than the high tannin variety.

Sadanandan and Arora (1976) reported that the protein
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digestion was less in rats fed diets with 2.5 to 5 percent

added tannic acid. Tripathi (1976) observed that replacing

the extracted sal tannin with the same amount of tannic acid

inhibited protein digestion by about the same amount as the

sal tannin before extraction in goats. He also showed that

the break down of groundnut cake protein was inhibited by

added tannic acid in goat rumen and that the inhibitory

effect of tannic acid was more pronounced in the presence of

soluble proteins of GNC, higher levels of tannic acid having

more inhibitory effects than lower levels. Singh and Roy

^1981; also reported depression of protein digestibility by

tannic acid. However, Lohan et (1990) noted certain

anomalies in the digestibility of leaf protein vis-a-vis

their tannin content and they suggested that it may be due

to the biochemical nature of tannins in different leaves.

Sengar and Mudgal (1982) observed a decrease in crude

protein digestibility by three percent by the addition of

ten percent tannic acid. Negi (1982) showed that the tannin

in sal seed not only hindered the utilisation of protein but

also adversely affected the utilisation of protein of other

feeds.

Singh and Nath (1983) reported that the crude protein

digestibility was significantly depressed in calves given

chemically treated deoiled sal seed meal included at 40

percent level. Panda £t al. (1983) in their study with
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pipal (Ficus reliqiosa) and jaman (Eugenia jambolana) which

contained 0.7 and 6.5 percent tannin respectively observed

that the crude protein digestibility of jaman leaves was low

in goats.

Akbar and Gupta (1990) observed no significant

difference in the digestibility of nutrients including crude

protein by the replacement of groundnut cake protein with

faba bean protein at various levels of incorporation.

Sharma et (1990) reported that tree leaves like Acacia

karoo have very high amount of tannin which depress the

digestibility of protein and consequently dry matter.

However, no significant reduction in crude protein

digestibility in tannin containing feeds has been reported

by certain workers (Joshi and Upadhyay, 1976; Kunjikutty

et 1980 and Yadav et , 1990).

Tannins of tree leaves are reported to interact with

dietary protein to form indigestible protein tannin

complexes thereby depressing the digestion of proteins in

ruminants (Gupta, 1986). McLeod (1974) suggested that

tannins have greater affinity for protein than for cellulose

and this has been attributed to the strong hydrogen bond

affinity of the carbonyl oxygen of peptide group.
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The digestibility of protein in plants containing

significant amount of tannin is reported to be low by many

workers iReddy and Reddy , 1984; Van Hoven, 1984; Mitaru,

1984 ; Jaikishan ̂  , 1986; Anjaneya Prasad, 1986; Makkar

and Negi, 1986; Panda et al., 1987; Dawra et , 1988 and

Makkar ̂  , 1988).

The low crude protein digestibility of the leaves has

been attributed to the presence of a high concentration of

tannin in them (Lohan et , 1980 and Panda et , (1983).

Osbourne et (1971) suggested that the lower

digestibility of crude protein in sainfoin observed by them

in sheep may be because of the reaction of condensed tannins

in sainfoin with the crude protein in it to form insoluble,

indigestible protein complexes. Reed et al. (1982) reported

that the condensed tannins present in the NDF fraction of

cassava forage is highly correlated with the insolubility of

crude protein in NDF.

Kumar (1983) reported that it is the condensed tannin

content and their protein precipitating capacity, and not

the phenolic content that reflect on the crude protein

digestibilities in negative relationship. Ahn et al. (1989)

in their study using 12 species of tropical browse legumes

reported that in species which contained tannin, there was
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poor correlation between nitrogen digestibility and total

condensed tannin content. Barry (1984) in his study with

low tannin varieties of Lotus pedunculatus in sheep observed

that the total nitrogen intake was less for high tannin

variety but the faecal non ammonia nitrogen outgo was high

for high tannin variety. Relative to non tannin containing

fresh forages; condensed tannin in Lotus pedunculatus

increased duodenal nitrogen flow and calculated absorption

of amino acid from the small intestine (Barry, 1984). Barry

and Manley (1984) observed that the presence of condensed

tannins in Lotus pedunculatus markedly increased post

ruminal NAN absorption.

Marquardt et (1977), reported that feeding 3.9

percent tannic acid caused reduced amino acid retention in

chicks. However, Rodrigues (1978) could observe no

significant difference in nitrogen retention between two

groups of sheep given soyabean oil meal and the same treated

with tannins from Acacia mearnsii. A positive balance for

nitrogen in experimental goats fed with Calliandra

calothyrus with a tannin content of 5.85 percent on dry

matter basis has been reported by Panda et al. (1987).

Depression of protein digestibility may or may not be

accompanied by growth depression or other adverse effects
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from tannin containing diets. Gupta (1986) suggested that

whether the depression in protein digestibility by tannin is

of advantage or disadvantage to the animal is dependent on

the net effect on nitrogen balance. He further opined that

if an animal exhibits depression in protein digestibility

without causing a depression in nitrogen retention^ the

tannin containing feed will not be inferior to the

nontanning containing feed.

2.3.5. Mineral utilisation

Tree leaves are reported to be rich in calcium and poor

in phosphorus, and that animals fed on tree leaves generally

exhibit positive calcium and negative to marginal

phosphorus balances (Gupta, 1986., Kumar and Vaithiyanathan,

1990). Sadanandan and Arora (1976) in their study with

fistulated buffaloes found that added tannic acid decreased

the utilisation of phosphorus by rumen microbes. Kunjikutty

et al. (1980; reported positive balance for calcium in goats

fed venga (Pterocarpus marsupium) leaves, but all the

animals showed negative balance for phosphorus.

Panda et (1983) reported negative balance for

calcium and phosphorus in goats fed Jaman (Eugenia

jambolana) leaves which contained 6.5 percent tannin on dry

matter basis^ while Reddy and Reddy (1991) could observe
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positive balance only for calcium with banana plants (Musa

paradiosiaca) in cattle; the balance of phosphorus being

marginally negative.

Gupta (1991) reported marginally negative phosphorus

balance in goats fed with Khanyan leaves while Upadhyay et

al. (1974) observed positive balance for calcium and

phosphorus in animals fed with Leucaena leucocephala.

However, in studies conducted in goats with Calliandra

calothyrus leaves having a tannin content of 5.8 percent on

dry matter basis, Panda et ad. (1987) reported positive

balance for calcium and phosphorus in all the experimental

animals. Similar observation was made by Akbar and Gupta

(1990) in their study with faba bean (Vicia faba. L) in

buffalo calves.

Yadav et al. (1990) reported positive balance for

calcium and phosphorus in goats fed with Leucaena

leucocephala. Nath (1983) is of the opinion that tannins do

not affect calcium and phosphorus balance but he suggested

more controlled studies in this regard. The availability of

sulphur was found to be decreased in sheep with mulga

(Acacia aneura) leaves containing tannin (Gartner and

Hurwood, 1976). Kumar and Vaithiyanathan (1990) suggested
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that methionine acts as a methyl donor to inactivate

tannins, though the role of sulphur is not well under stood.

The above workers also observed that phenolic groups of

tannin molecules associate with minerals and influence

their utilisation, the mineral salt of tannic acid

precipitating differentially at different pH values.

2.3.6. Animal productivity

The tannins present in various tree leaves are

reported to decrease the voluntary feed intake, diminishing

the utilisation of nutrients and cause toxicity and thus

cumulatively have a negative influence upon the

productivities of animals (Kumar and Vaithiyanathan, 1990)-^

Sadanandan and Arora (1976) observed reduced growth rate and

feed conversion in rats fed diets containing tannic acid.

Marquardt e^ aj.. ( 1977 ) stated that condensed tannin was the

major growth inhibitory substance causing depressed growth

rate and reduced efficiency of feed utilisation in chicks

fed water extract of faba bean (Vicia faba L.Varminor).

Panda et (1983) recorded loss in body weights of goats

when Eugenia jambolana leaves with 6.5 percent tannin were

given as sole feed for seven days. Barry (1985) showed

that high concentrations (7.6-9.0 percent) of tannin

prevented maximum expression of live weight gain and

decreased wool growth in growing sheep. Loss in body weight
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has also been reported when sheep were fed solely on pala

leaves (Zlziphus numinularia) by Bhatia ^ al. (1991).

Upadhyay ^ al. (1974) reported loss of body weight by

feeding Leucaena leucocephala. Joshy and Upadhyay (1976)

reported loss of fleece in sheep fed Leucaena leucocephala.

Jones (1979) reported better live weight gain in ruminants

when Leucaena leucocephala was added in ration, but at

higher levels of inclusion, the dry matter intake was

reduced. The large size and reactivity of tannin molecule

prevents its direct absorption from the digestive tract.

Hydrolysable tannins can be broken down in the intestine to

the constituent phenols and sugar which are then absorbed.

Absorbed phenols are usually detoxicated by means of

conjugation of hydroxyl group with gluconates or sulphate

ions but other reactions such as hydroxylation and

methylation are possible depending on the species of the

animal (McLeod, 1974). Both the condensed and hydrolysable

tannins are reported to cause toxic effect (Kumar and

Vaithiyanathan, 1990). The same authors reported that

condensed tannins readily combine with dietary protein,

salivary protein, digestive enzymes and rumen microbes and

that these proteins bound with tannins are most unlikely to

undergo normal metabolism. Condensed tannins are not broken

down in the digestive tract and are unlikely to pass through
the gut wall (McLeod, 1974). He also found that feeding with

large quantities give rise to gastritis, intestinal
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irritation .and liver and kidney damage, if detoxifying

mechanisms are inadequate. Free tannins when they escape to

blood can cause damage to certain vital organs (Singh and

Menke, 1986). The hydrolysable products of hydrolysable

tannins viz. gallic acid, hexahydroxydiphenic acid or

ellagic acid when absorbed, caused several toxic

manifestations (Van Hoven, 1984).

Nath (1983) opined that depending on the level of

tannins in the diet tannins may not always be harmful in as

much as they may protect proteins from rapid deamination by

inhibiting deaminating bacteria or by forming protein

complexes. He concluded that the level and type of tannins

will perhaps determine the extent to which the digestion of

protein in ruminant can be affected since hydrolysable

tannins form complex with the proteins agd protect them from

bacterial deamination in the rumen. The threshold level of

toxicity of tannic acid added directly to rumen contents in

fistulated animals was three to five percent in cattle, but

eight to ten percent in goats because goats produce an

active tannase in the rumen mucosa (Begovic et al. 1978).

High tannin containing leaves are reported to produce flaky

sediments in the urine with an appreciable amount of protein

and development of oedema in the submandibular region (Lohan

et al. 1983). Horwood (1970) reported that dietary

proteins are used effectively by ruminants if protected
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against bacterial degradation in the rumen, this being done

by treating feed proteins with tannins^ Since condensed

tannins may bind the protein irreversibly making them

indigestible (Zelter £t , 1970). The use of tannins for

protein protection is restricted to hydrolysable tannins

(McLeod 1974). Lohan and Negi (1981), suggested that the

partitioning of tannins in tree fodders into condensed and

hydrolysable forms will be useful in selection of species

in which the tannins are present predominantly in a useful

or innocuous form viz. hydrolysable form. The natural

occurrence of tannins, in addition to protecting animals

from bloat could have a direct nutritional benefit by

protecting leaf protein from degradation in rumen (Mangan,

1988). Reid et al. (1976) in their study in sheep reported

that the nitrogen of sainfoin with 1.0 to 1.5 percent

condensed tannin was not digested in the stomach and more

was digested in the intestine than nitrogen of white clover.

Waghorn (1990), opined that condensed tannins are not toxic

to ruminants and when the concentration is below four

percent of the dry matter they improve the nutritive value

of herbage by binding to plant protein and protecting them

from excessive degradation in rumen. Waghorn ̂  (1991)

suggested that a concentration upto 2-3 percent of dietary

dry matter are probably optimal for maximising the nutritive

value and only values exceeding 5.5 percent of dry matter

inhibit microbial activity.
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MATERIALS AND METHODS

The studies carried out during the course of the

present investigation are described underl

3.1. Chemical analysis of different fodders commonly fed to

goats for proximate principles and tannin contents and

identifying the tannin rich fodders

3.2. Feeding experiments involving digestion cum metabolism

trial with selected tannin rich fodders to assess their

nutrient availability in goats

Fourteen different locally available fodders commonly

fed to goats were collected and analysed for their proximate

principles, (AOAC, 1990) total tannin (Folin and Denis,

AOAC, 1990) and condensed tannins (Kumar and PatnayaJc,

1986). Four fodder varieties viz. Subabul (Leucaena

leucocephala) , jacic (Artocarpus heterophyllus) , venga

(Pterocarpus marsupium) and banana(Musa paradiosiaca) leaves/

selected on the basis of their tannin contents and also on

palatability and availability were used for the feeding

experiments in the present investigation.

3.3. Six adult healthy female cross-bred (Saanen X Malabari)

goats of approximately two - two and half years of age

and of almost uniform body weight, maintained at the

University Goat Farm, formed the experimental subjects

for the study.
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3.4. Methods

3.4.1. Feeding trials

In each digestion cum metabolism trial the animals were

subjected to a preliminary feeding period of three weeks

followed by a collection period of five days.

During the feeding trial the animals were fed solely on

the fodder under investigation. Fresh leaves collected

daily in the morning were used for feeding. Every day at 10

a.m. each animal was fed individually with weighed

quantities of fodder, the quantity provided being enough for

ad libitum consumption. At the same time, residue left

behind from the previous day's feed was removed

quantitatively and weighed. The animals were always

provided with clean drinking water ̂  libitum. Records of

daily fodder and water consumption and weekly body weights

were maintained throughout the experimental period.

During the collection period, the animals were kept in

metabolism cages specially constructed for goats, with all

facilities for feeding and watering and collection of dung

and urine uncontaminated with -any feed residue or dirt.

Representative samples of the leaves were taken daily for

estimation of dry matter. Representative samples of balance

fodder from the previous day were also collected daily to

arrive at the total dry matter consumption. The dung was
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collected manually as and when it was voided. The dung

collected each day was weighed accurately, mixed thoroughly

and a representative sample at the rate of one tenth of the

total quantity was stored in a deep freezer. The samples

obtained during the entire collection period were later

pooled and used for chemical analysis. The urine was

collected in amber coloured bottles containing sufficient

quantities of 25 percent sulphuric acid as the

preservative. The total quantity collected each day was

measured accurately and an aliquot at the rate of one tenth

of the total volume was stored in amber coloured bottles

under refrigeration. The pooled samples of urine from the

five days collection were used for further chemical

analysis. Blood samples were collected from all the animals

at the end of each collection period using sodium citrate as

anti-coagulant for the determination of normal physiological

parameters.

The feed and dung samples collected during the

metabolism trial were subjected to proximate analysis as

per standard procedures (AOAC, 1990). The methods suggested

by Van Soest and Wine (1967) and Van Soest (1963) were

followed for the estimation of the neutral detergent fibre

and acid detergent fibre content of the four selected

fodders. The nitrogen content of urine was determined by

Kjeldhal method (AOAC, 1990).
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Haemoglobin was estimated by cyanmethaemoglobin method

(Benjamin, 1974). Biuret method (Gornall ̂  , 1949) was

employed for the determination of plasma protein. Plasma

calcium and calcium content of leaves and dung were

estimated using ElmerParker atomic absorption spectro-

photometer employing hollow calcium cathode tubes.

Inorganic phosphorus in plasma and phosphorus content of

urine were estimated by the modified metol method using

phosphorus kit supplied by Stangen immuno-diagnostics. The

colorimetric method suggested by Ward and Johnston (1962)

was followed for the determination of phosphorus content of

leaves and dung, using spectronic-20.

The results were statistically analysed as per standard

procedures (Snedecor and Cochran, 1967).





RESULTS

The results obtained during the course of the present

investigation are detailed under the following heads.

4.1. Chemical composition

The chemical composition of 14 locally available

fodders commonly fed to goats are presented in Table 1. The

chemical composition of the four selected fodders along with
their fibre fraction are given in Table 2.

4.2. Tannin contents

The total tannin, condensed tannin and hydrolysable

tannin contents of the 14 fodders are presented in Table 3.

4.3. Digestion cum balance experiments

Data on the dry matter intake, digestibility

coefficients of nutrients, balance of nitrogen, calcium and

phosphorus and haematological values of the goats fed the

four fodders are set out in Tables 4 to 19.

4.4. Influence of nature and level of tannins on feed intake
and nutrient utilisation in goats

4.4.1. Dry matter intake

The summarised data on dry matter intakes of goats

(kg/100 kg body weight and g per metabolic live weight) fed
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the four fodders are given in Table 20 and 22 and their

statistical analysis in Tables 21 and 23 respectively.

4.4.2. Water intake

The summarised data on water intake of goats fed the

four leaves and its statistical analysis are given in Tables

24 and 25 .

4.5. Digestibility and balance of nutrients

4.5.1. Dry matter

Summarised data on the digestibility coefficients of

dry matter in the four leaves are given in Table 26 and

their statistical analysis in Table 27.

4.5.2. Crude protein

Summarised data on the crude protein digestibility of

the four selected fodders are given in Table 28 and their

statistical analysis in Table 29.

4.5.3. Nitrogen Balance

Tables 30 and 31 give the summarised data on nitrogen

balance of goats fed the four fodders and their statistical

analysis respectively.
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4.5.4. Crude fibre

Table 32 shows the sununarised data on digestibility

coefficients of crude fibre in the four fodders and the

corresponding statistical analysis is presented in Table 33.

4.5.5. Ether extract

The summarised data on the digestibility coefficients

of ether extract of the four selected fodders are given in

Table 34 and their statistical analysis in Table 35.

4.5.6. Nitrogen free extract

The average digestibility coefficients of nitrogen free

extract of the four fodders are presented in Table 36 and

their statistical analysis in Table 37,

4.6.7. Calcium and Phosphorus balance

Summarised data on the calcium and phosphorus balances

(g/day; of goats fed the four fodders are detailed in Tables

38 and 40 and their statistical analysis in Tables 39 and 41

respectively.
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4.7. Haematological values

Sununarised data on the haematological constituents,

hemoglobin (g/100 ml), Plasma protein (g/100 ml) Plasma

Calcium (mg/100 ml) and Plasma inorganic phosphorus of goats

fed the four fodders are set out in Tables 42, 44, 46 and 48

and their statistical analysis in Tables 43, 45, 47 and 49

respectively.
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Table 3. Total tannin, condensed tannin and hydrolysable
tannin (g/loog. DM) of locally available fodders
commonly fed to goats.

Species of Total Condensed Hydrolysable
Fodder Tannin Tannin Tannin

1. Subabul 5.5 2.9 2.6
(Leucaena leucocephala)

2. Jack 4.0 3.4 0.6
(Artocarpus heterophyllus}

3. Venga 4.7 3.0 1.7
(Pterocarpus marsupium)

4. Banana 3.7 1.6 2.1
(Musa paradiosiaca)

5. Arayal 5.3 4.8 0.5
(Ficus religiosa)

6. Kirni 6.0 2.4 3.6
(Manilkhra hexandra)

7. Kaini 5.2 3.2 2.0
(Bridelia rhetusa)

8. Poovam 5.7 1.2 4.5
(Schleichera trijuga)

9. Athi 3.6 3.0 0.6
(Ficus raceemosa)

10. Peral 2.6 1.4 1.2
(Ficus bcnqalcnsls )

11. Amapatty 4.2 2.2 2.0
(Trema orientalis)

12. Thanni 3.8 ■ 1.5 2.3
(Terminalia belerica)

13. Sapotta 7.8 6.3 1.5
(Achras zapota)

14. Star apple 3.6 0.9 2.7
(Donella roxburgdii)
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Table 5. Data on digestibility coefficients of nutrients in
Subabul leaves

Animal Dry Crude Crude Ether Nitrogen free
No matter Protein fibre Extract extract

0357 54.0 66.9 54.8 50.7 48.0

300 47.6 63 . 0 48.9 41.2 50. 0

0028 44.2 59.5 49.1 49.2 43.7

0032 43.2 61. 2 43 . 0 42.5 44.0

0337 46.2 57 . 7 42 . 9 48.5 44.2

0117 52. 6 73 . 9 55.8 72.6 44 . 5

Mean 48.0 63 . 7 49.1 50.7 45. 7

SE+ 1.8 2.4 2.3 4.6 1.07

DCP and TDN values1  of subabul leaves'(percent)

On dry basis On fresh basis

DCP 15.0 5.17

TDN 50.93 17.51

rd trrr-'- -/ I
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Tabel 9. Data on digestibility coefficients of nutrients in
jack leaves

Animal

No

Dry

matter

Crude

Protein

Crude

fibre

Ether Nitrogen free
Extract extract

0357 48 .5 49.3 70.9 43.1 52.5

300 46.4 56 . 9 53 .9 37.2 66.5

0028 46.7 52.9 51.9 47.2 52.4

0032 54 . 7 59 . 2 50.9 47.1 60.1

0337 60.0 45 . 7 56.3 55.3 62.4

0117 44 . 4 60 . 2 54 .2 53.4 41.2

Mean 50.1 54 . 0 56.4 47.2 56.0

SE + 2.5 2.4 3.0 2.7 3.6

DCP and TDN values of jack leaves(percent)

On dry basis On fresh basis

DCP 8.15

TDN 51.4 28. 00
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Table 13.Data on digestibility coefficients of nutrients in
goats fed venga leaves.

Animal

No

Dry
matter

Crude

Protein

Crude

fibre

Ether Nitrogen free
Extract extract

0357 59.0 41. 5 57.1 34.5 53.0

300 51.0 59.2 50.0 50.1 55.5

0028 63 . 2 59 . 9 61.6 68.8 62.5

0032 44 . 6 42 . 7 40.4 50.9 59.1

0337 65.1 56.6 65.1 76 . 7 60.3

0117 36.3 56 .5 41.1 35.7 65.0

Mean 53 .2 52 . 7 52.5 52.8 59.2

SE + 4.6 2.4 4.3 6.4 1.65

DCP and TON values of venga leaves(percent)

On dry basis On fresh basis

DCP 7.83 4.56

TON 60 . 4 35.21
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Table 17.Data on digestibility coefficients of nutrients
in banana leaves.

Anirnal Dry Crude
No

Crude Ether Nitrogen free
matter Protein fibre Extract extract

0357 56.4 60.1 65.5 31.5

300 70.7 75.8 79.1 57.2

0028 65.2 67.1 79.6 48.3

0032 76.9 86.3 81.8 65.9

0337 69.7 71.8 78.0 58.1

0117 74.2 74.8 77.7 68.9

58.7

70.8

64.8

77.0

70.3

76.5

Mean 68.9 72.7 76.9 54.0

SE+ 3.0 3.6 2.4 5.1

69.7

2.9

DCP and TDN values of banana leaves(percent)

On dry basis On fresh basis

DCP 8.77 2.27

TDN 71.66 18.56
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DISCUSSION

5.1. Chemical composition

The data presented in Table 1 on the chemical

composition of the locally available tree leaves commonly

fed to goats reveal that the various tree leaves are, in

general, higher in dry matter, crude protein and calcium and

lower in crude fibre and phosphorus when compared to those

reported for the common grass fodders (James et , 1977;

Ranjhan, 1980; Thomas ̂ t a_l. , 1981 and James and Gangadevi,

1991}. The results on the chemical composition of the four

selected fodders viz. subabul, jack, venga and banana reveal

that the values are in general agreement with those

reported by other workers in this regard (Singh and Mudgal,

1967; Johri et al^. , 1967; Upadhyay et ̂ . , 1974; Devasia et

al. , 1976 ; James et ̂ . , 1977; James, 1978; Jones, 1979;

Kunjikutty et ^. , 1980; Ranjhan, 1980 ; Akbar and Gupta,

1985; Reddy ̂  al., 1986; Kumar et al., 1987; Lohan ̂  al.,

1990; Yadav ejt aj^. , 1990; Reddy and Reddy, 1991 and James

and Gangadevi, 1991}. Minor differences observed in the

chemical composition are attributable to the location, stage

of maturity and seasonal variations (Lohan et ^. , 1983;

Kumar and Vaithiyanathan, 1990 and Makkar and Singh, 1991).

The data given in Table 2 on the fibre fractions with

respect to the tree leaves under investigation reveal that
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these fodders have a comparatively higher lignin content,

the concentration ranging from 8.2 to 16.3 percent. Values

ranging from 7.6-16.8 percent have been reported in the

literature for various tree leaves (Ranjhan, 1980).

5.2. Tannin content

The data on the concentration of total tannins,

condensed tannins and hydrolysable tannins given in Table 3

indicate that the tree leaves are rather high in total

tannin content with the concentration ranging from 2.6 to

7.80 percent on dry matter basis, the result in this regard

being in agreement with those of James et (1977);

Kunjikutty £t (1980) and Thomas et al. (1981). However,

lower values for total tannin content have been observed

for subabul leaves by Lohan et al. (1983) and for venga

leaves by James and Gangadevi (1991). The minor

differences observed by different workers in this regard

may be due to location, seasonal differences and the stage

of maturity of leaves (Feeney and Bostock, 1969; Lohan ^

al • / 1983; Dogra e_t a]^. 1986 ; Kumar and Vaithiyanathan, 1990

and Makkar and Singh, 1991). The,results also reveal that a

greater proportion of the total tannins in majority of the

tree leaves studied is found to be in the form of

condensed tannins. This observation is in keeping with those

of McLeod (1974) and Lohan et al. (1983) who reported that
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the principal forage tannins are of the condensed type. As

regards the four fodders selected for the feeding trial,

it can be seen that subabul and banana leaves had almost

equal proportion of condensed and hydrolysable tannins while

jack leaves and venga leaves had more of condensed tannins.

The value obtained in the present study in regard to the

concentration of condensed tannins in subabul is much higher

than those reported by Lohan £t (1983 ). However, Scanty

literature is available on the extent of different types of

tannins in the various tree leaves locally available in

Kerala.

5.3. Digestion cum balance experiments

5.3.1. Subabul leaves

The data presented in Table 4 on the average dry

matter intake of goats fed subabul leaves reveal that the

animals consumed on an average 2.2+0.33 kg of dry matter per

100 kg body weight, the same per kg metabolic live weight

(W kg^'^^) being 50.7g per day. The results obtained in the

present study in this regard are in keeping with those

reported by Upadhyay ̂  al. (1974); Joshi and Upadhyay

(1976 ) and Kumar ejt a_l. ( 1987). While a very low dry matter

intake of 1.2 kg per 100 kg body weight has been reported by

Singh and Mudgal (1967), a higher intake of 72.64 g/kg



metabolic live weight has been observed by Balagopal and

Ravi (1988) in their feeding experiments with subabul in

goats.

The data on results of digestibility trial (Table 5)

indicate that the average digestibility coefficients for the

various nutrients were 48.0+1.81; 63.7+2.4; 49.1+2.23;

50.7+4.60 and 45.7+1.07 for dry matter, crude protein,

crude fibre, ether extract and nitrogen free extract

respectively, the same being in almost agreement with those

observed by Joshi and Upadhyay (1976); Kumar et al. (1987)

and Yadav £t (1990). However, wide variations in the

digestibility of dry matter in subabul leaves ranging from

51.44 - 71.36 percent have been reported by Banerjee

(1990) .

The DCP and TDN values calculated for subabul leaves

were found to be 15.0 and 50.93 percent respectively on dry

matter basis and 5.17 and 17.25 on fresh basis and are aJ^in

to those reported by Yadav et (1990). However, lower

values have been reported for DCP by Singh and Mudgal

(1967; and higher values for TDN by Upadhyay et al. (1974)

and James (1978 ) .

From the results obtained on balance studies (Table 6),

it can be seen that though all the animals maintained a
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positive balance for nitrogen and calcium, a negative

balance was observed with respect to phosphorus. The

results obtained during the present study are in accordance

with the observations of Yadav et al. (1990) and Upadhyay

et al. (1974) in regard to the balance of nitrogen and

calcium, who also could observe a positive balance for

phosphorus in their studies with subabul in sheep.

Data given in Table 4 on the body weights of the

animals recorded during the feeding trial with subabul

indicate that the animals maintained their body weight

during the experimental period of about one month. A loss of

body weight at the rate of 55 g per day per head has been

reported by Upadhyay ̂  (1974) in their studies with

rams fed subabul as the sole feed for them.

The haematological values viz. hemoglobin, plasma

protein, calcium and phosphorus presented in Table 7 reveal

that the values obtained for various blood constituents are

all well within the physiological range reported for the

species (Sastri, 1983 and Schalm, 1961).

5.3.2. Jack leaves

A perusal of the data on the dry matter intake of goats

fed jack leaves presented in Table 8 reveals that the
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animals consumed on an average 2.6 kg dry matter per 100 kg

body weight per day, the same expressed on the basis of

metabolic live weight (W kg°-^^) being 59.2 g per day. It is
evident that the leaves are quite palatable to goats.

The results on the digestion trial (Table 9) indicate

that the digestibility coefficients of dry matter, crude

protein, crude fibre, ether extract and nitrogen free

extract were 50.1+2.5; 54.0+2.4; 56.4+3.0; 47.2+2.7 and

56.0+3.6 respectively, the same being higher than those

reported by Devasia et a^. (1976) in this regard. The DCP

and TON values worked out for jack leaves as 8.15 and 51.4

percent respectively on dry matter basis and 3.63 and 21.86

on fresh basis compare well with the figures reported by

Devasia et (1976).

Data on the balance of nitrogen, calcium and phosphorus

o£ animals fed jack leaves as the sole fodder presented in

Table 10 indicate that all the animals showed positive

balance for nitrogen, calcium and phosphorus, the average

daily balances being 5.2, 5.8 and 1.1 g respectively.

A  perusal of the data on the body weights of the

experimental animals (Table 8) reveals that the animals

gained in body weight, the average total gain in body weight

being 1.5 kg during an experimental period of one month.
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From the haematological values of the goats fed jack

leaves detailed in Table 11, it can be seen that the values

obtained for different blood parameters are all well within

the normal ranges reported for the species by Sastri (1983)

and Schalm (1961).

5.3.3. Venga leaves

The average dry matter intake of animals fed venga

leaves (Table 12) was found to be 1.73 kg and 40.2 g per 100

kg body weight and per kg metabolic live weight

respectively. However, Kunjikutty ̂  al. (1980) recorded a

higher intake of 4.18 kg dry matter per 100 kg body weight

in their study with the same fodder in goats.

The results on digestion trials presented in Table 13

reveal that the average digestibility coefficients for the

various nutrients were 53.2+4.6, 52.7+2.4, 52.5+4.3,

52.8+6.4 and 59.2+1.65 for dry matter, crude protein. Crude

fibre, ether extract and nitrogen free extract respectively.

The values obtained during the present investigation

correlate well with those reported by Kunjikutty et al.

U980). The DCP and TON values for venga leaves obtained

in the present study were found to be 7.83 and 60.4

respectively on dry basis (4.56 and 35.21 on fresh basis)

which agree well with those reported by Kunjikutty et al.

11980) .
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Data presented on the balance of nitrogen, calcium and

Phosphorus in Table 14 indicate that the animals given venga
leaves showed positive balance for nitrogen. While all the
animals had a positive balance for calcium, the balance of
phosphorus was found to be generally negative, a finding
which is expected because of the wide ratio of these

minerals in these leaves. A similar observation on the
balance of nitrogen, calcium and phosphorus has been
recorded by Kunjikutty ̂  (1980) in their study with
venga leaves in goats.

All the experimental animals except were found to
maintain their body weight, as can be seen from the record
on body weight of the animals presented in Table 12.

Data on haematological values detailed in Table 15
reveal that all the animals maintained normal values with
respect to the various blood parameters.

5.3.4. Banana leaves

Data prasentad In Tabla 16 ravealad that tha average
dry matter consumption of animals fed banana leaves was 1.7
^9/100 kg body weight and 37.5 g per kg metabolic live
weight. Tha lower dry matter intake of animals from banana
leaves when compared to the same from the other leaves
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indicates the lesser palatability of ^iie leaves. Reddy and

Reddy (1991) have also recorded a similar observation.

Johri (1967) in his studies with banana leaves in cattle

reported an intake of only 1.48 kg per 100 kg body weight.

The data on the digestibility coefficients of nutrients

in banana leaves given in Table 17 indicate that the various

nutrients are well digested by goats, the same being

68.9+3.0, 72.7+3.6, 76.9+2.4, 54.0+5.1 and 69.7+2.9 for dry

matter, crude protein, crude fibre, ether extract and

nitrogen free extract respectively, which are in agreement

with those reported by Johri (1967) in cattle. However, the

values obtained in the present study are higher than those

reported by James (1978) and Reddy and Reddy (1991) in this

regard. The variations in the values reported by different

authors may be mostly because of the differences in the

varieties of banana leaves used. Wide variations in the

chemical composition of different varieties of banana leaves

have been observed by Kunjikutty (1969).

The DCP and TDN values for banana leaves were found to

be 8.77 and 71.66 on dr fter basis (2.27 and 18.36 on

fresh basisj which are essentially in agreement with those

reported by Johri (1967) in his studies with cattle while at

variance with those of James (1978) and Reddy and Reddy

(1991) in this regard.
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A  perusal of the data (Table 18) on balances of

nitrogen, calcium and phosphorus in goats fed banana leaves

reveals that all the animals showed positive balances for

nitrogen, calcium and phosphorus. A positive balance for

nitrogen and calcium and a negative balance for phosphorus
in animals fed banana leaves have been reported by Reddy and

Reddy (1991).

An examination of the data on the body weights of

animals fed banana leaves given in Table 16 indicate that

there is a reduction in body weight in all animals except
one animal, during the experimental period of about one

nionth. The loss in body weights of the animals not

accompanied by a negative nitrogen balance is suggestive of
an inadequate energy intake consequent on low food intake.

The data detailed in Table 19 on the haematological
values reveal that the values for different blood parameters

recorded were well within the normal ranges reported for the

species in literature (Sastri, 1983 and Schalm, 1961).

5.4. Influence of nature and level of tannins on feed intake
and nutrient utilization in goats

5.4.1. Dry matter intake

From the summarised data on feed consumption of goats
fed subabul, jack, venga and banana leaves set out in Table
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(represented in Fig.l) ana its statistical analysis in
Table 23 it can be seen that the dry matter intake,
expressed as g per kg metabolic live weight, of goats fed
lack leaves with 4.0 percent total tannin containing 3.40
percent condensed tannin on dry matter basis is
significantly higher (P<0.05) when compared to those fed
venga and banana leaves, with 4.7 and 3.7 percent of total
tannins and 3.0 and 1.6 percent of condensed tannins
respectively. Animals fed subabul with 5.5 percent total
tannins containing 2.9 percent condensed tannin also had a
significantly higher P<0.05) dry matter intake per kg
metabolic live weight than those fed banana leaves. Data
presented in Table 20 and 21 and represented in Pig.2 reveal
that the dry matter intakes of goats (kg/100 kg body weight)
fed jack and subabul leaves were higher than those fed venga
and banana leaves, though not statistically significant.
These observations are at variance with those of Burns and
copes (1"4),. Hitjavila et al. (1977), Singh (1982), Panda
et al. (1983); Van Hoven (1984), Barry (1984), Anjaneya
Prasad (1986), Makkar and Negi (1986) and Robbins et al.
(1987) who recorded a decrease in palatability and feed
intake with increase in tannin content. However, no
significant difference in dry matter intake of animals due
to tannins has been reported by Joshi and Upadhyay (1976),
Singh and Arora (1980), Akbar and Gupta (1990) and Sharma et
M- (1990).
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The higher dry mattr^- intake of goats fed jack and

subabul leaves with mc concentrations of condensed

tannins and totr' tannins -pecitively, in comparison to

those of goats fed venga and banana leaves observed in the

present study, may be because the level of condensed tannins

in the leaves used in the present study did not exceed the

threshold level of five percent below which no effect on

dry matter intake will be observed as reported by McNaughton

(1987; and Waghorn ̂  (1991).

5.4.2. Water intake

A  perusal of the summarised data on daily water

consumption of goats fed subabul, jack, venga, and banana

leaves detailed in Table 24 reveals that the water intake of

goats fed subabul is significantly higher (P<0.01), than

those fed venga and banana leavesfTable; 25. The higher

water intake observed in animals fed subabul may be due to

the higher level of crude protein intake by animals fed

these leaves (Ghosh et al., 1991). There are no studies

reported on the effect of tannins in feed on the water

metabolism of animals.

5.4.3. Digestibility and balance of nutrients

5.4.3.1, Dry matter

The summarised data set out in Table 26 (represented in

Fig.3.; on the results of digestion trials reveal that the
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diyestibility coefficient of dry matter in banana leaves

with a lower total tannin (3.7 percent) and condensed tannin

content (1.6 percent) is found to be higher than that

obtained for subabul, jacJc and venga leaves with higher

total tannin and condensed tannins, though the differences

between the various leaves in this regard are not

statistically significant (Table 27). A similar observation

of reduced digestibility of dry matter has been made in

feeds with a high tannin content by Donelly ̂  al. (1973);

Devasia et (1976); Mitjavila et al. (1977); Kunjikutty

et (1980); Dogra (1986); Gupta (1991) and Gatrrido ̂  al.

(1991). However, no influence on the digestibility of dry

matter due to tannins has been reported by Singh and Roy

(1987;,- Bharia (1981) and Pan and Maitra (1991).

5.4.3.2. Crude protein

A  perusal of the data on the digestibility of crude

protein in the four leaves studied detailed in Table 28 and

represented in Fig.4, indicates that though not

statistically significant (Table 29), the digestibility

coefficient of crude protein in banana leaves with a total

tannin content of 3.7 percent on dry matter basis is higher

than that observed for jack and venga leaves with a total

tannin content of 4.0 and 4.7 percent respectively on dry
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matter basis. However, the observations made in the present

study are at variance with those of Joshy and Upadhyay

11976 J; Akbar and Gupta (1990) and Yadav et (1990). A

reduction in protein digestibility in feeds with a higher

tannin content has been reported by Donelly (1973);

Sadanandan and Arora (1976); Tripathi (1976); Panda ̂  al.

il983j and Sharma et (1990). Joshi and Upadhyay (1976);

Akbar and Gupta (1990) and Yadav et (1990) could not

observe any difference in digestibility in feeds as a result

of higher tannin content. Among the various leaves studied

during the course of the present investigation, banana

leaves recorded the lowest content of condensed tannins in

comparison to subabul, jack and venga leaves. The higher

digestibility coefficient of crude protein noted in the

present study for banana leaves with the lowest level of

condensed tannins (1.6 percent) supports the observations of

McLeod (1974; that condensed tannins are chiefly responsible

for the reduced utilisation of protein.

5.4.3. Nitrogen balance

The summarised data on nitrogen balance of goats fed

subabul, jack, venga and banana leaves presented in Table 30

represented in Fig.5 and their statistical analysis

presented in Table 31 reveal that the animals fed jack

leaves with a condensed tannin level of 3.4 percent showed
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significantly higher (P<0.01) nitrogen balance than those

fed on subabul, venga and banana leaves having 2.9, 3.0 and

1.6 percent of condensed tannin respectively. The nitrogen

balance of animals fed subabul was also significantly higher

lP<0.01j than those fed either venga or banana leaves.

Eventhough the digestibility coefficient of crude protein in

jack leaves was less than that of banana leaves, the animals

fed jack leaves showed a significant difference in nitrogen

^^J-3nce compared to those fed on banana or venga leaves.

The higher nitrogen balance observed in animals fed jack

leaves in the present study is mainly due to the higher dry

matter intake of animals from these leaves, which is also

reflected in the increased body weights of the animals fed

the fodder during the experimental period. A positive

balance of nitrogen in all the animals fed the various

leaves with the highest nitrogen balance recorded for

animals fed jack leaves containing the highest level of

condensed tannins observed in the present study correlates

well with the findings of Waghorn (1990) who opined that

condensed tannins are not toxic to ruminants and when the

concentration is below 4 percent of dry matter, they

improve the nutritive value of herbage by binding to plant

proteins and protecting them from excessive degradation in

^unisn. Nath (1983) stated that depending on the level

of tannins in the diet, the tannins may not always be
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harmful in as much as they may protect protein from rapid

deamination by deaminating bacteria or by forming protein

complexes. Legume forages that are rich in tannins are

reported to be better source of bypass proteins than low

tannin legumes by Reid ̂  (1974) since tannins link with

protein during mastication and reduce microbial degradation

of plant proteins. Waghorn et al. (1991) suggested that

condensed tannins at concentration upto 2-3 percent of

dietary dry matter are probably optimal for maximising the

nutritive value and only values exceeding 5.5 percent of

dry matter inhibit microbial activity. Further, among the

ruminants, goats are reported to have a higher tolerance to

tannins by Begovic et (1978 ) who showed that the

threshold level of tannic acid directly added to rumen

contents was 8-10 percent in this species compared to 3-5

percent in cattle, because goats produce an active tannase

in the rumen mucosa. The present observation also supports

the view of Gupta (1986) who suggested that tannin

containing feed will not be inferior to non-tannin

containing feed even if there is depression in digestibility

of crude protein without depressing the nitrogen retention

in the animals. An overall evaluation of the results

obtained in the present study in regard to the effect of

tannins on crude protein utilisation indicate that a level

of 5.5 percent of total tannins with 3.4 percent of
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condensed tannins in tree leaves has no deleterious effect

on crude protein utilization adjudged in terms of

digestibility of crude protein and nitrogen balance.

5.4.3.4. Crude fibre

The data presented in Table 32 on the digestibilities

of crude fibre in the various leaves differing in tannin

content indicate that banana leaves with a concentration of

^^ percent of total tannins showed the highest

digestibility coefficient for crude fibre than either

subabul, jack or venga leaves with 5.5, 4.0 and 4.7 percent

total tannins respectively though the differences between

them are not statistically significant (Table 33). Subabul

leaves with the highest concentration of total tannins (5.5)

had the lowest digestibility coefficient for crude fibre.

This observation is at variance with those of Nagpaul et al.

ll973), Rai and Shukla (1977), Kurar and Mudgal (1980),

Leroy and Zelter (1970) and Sinha and Nath (1983) who

reported that digestibility of crude fibre remain

unaffected by the level of tannin in the ration. A lower

digestibility for the NDF fraction has been observed by Reed

et (1985;. However, Robbins ̂  (1987 b) could not

observe any effect on digestibility of NDF due to higher

tannins.
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5.4.3.5. Ether extract

The summarised data on the digestibility coefficients

of ether extract from subabul, jack, venga and banana leaves

shown in Table 34 and their statistical analysis presented

in Table 35 reveal no significant differences between the

various leaves indicating that the level of tannins in the

leaves used in the present study does not appear to exert

any influence on lipid utilisation in goats, this being in

general agreement with those reported by Nagpaul ^ al.

U973), Rai and Shukla (1977), Kurar and Mudgal (1980) and

Leroy and Zelter (1970).

5.4.3.6. Nitrogen Free Extract

A perusal of the data on the digestibility of NFE from

subabul, jack, venga and banana leaves detailed in Table 36

and statistically analysed and presented in Table 37

indicates that there is a significant difference (P < 0.01)

between the four leaves in regard to the digestibility of

nitrogen free extract in goats. Banana leaves which had the

lowest concentration of total tannin and condensed tannins

(3.7 and 1.6 percent respectively of dry matter)recorded

significantly higher digestibility for nitrogen free
extract than subabul leaves with 5.5 and 2.9 percent of

total tannins and condensed tannin respectively. The
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results obtained for jack and venga leaves were also lower

than that for banana leaves. The observation made in the

present study is in agreement with those of McLeod (1974);

Makkar and Negi (1986); Barry and Manley (1984) and Makkar

et al. (1990) who also reported lower digestibility of

nutrients in tannin containing feeds. However, the present

findings are at variance with those of Leroy and Zelter

a970); Kurar and Mudgal, (1980); Shukla and Talapada,

(1973; ,- Nagpaul et al. (1973) and Rai and Shukla (1977), who

could not observe any reduction in digestibility of NFE due

to tannins. Panda £t (1987) recorded a decrease in

digestibility of all nutrients except NFE in sheep in their

study with Calliandra calothyrus with 5.85 percent of

tannin on dry matter basis. The over all results on NFE

digestibility indicate that condensed tannins at higher

concentration exert deleterious effect on NFE utilisation in

goats.

5.4.3.7. Calcium and Phosphorus balance

An evaluation of the summarised data on the balance of

calcium in goats fed subabul, jack, venga and banana leaves

and their statistical analysis presented in Table 38 and 39

respectively indicates that the calcium balance in goats fed

subabul leaves v,/as significantly higher (P<0.01) than those

fed jack, venga and banana leaves. The higher calcium
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balance recorded in animals fed subabul is possibly due to

the higher level of the mineral in these leaves. It was also

observed that goats fed jack leaves had a significantly

higher calcium balance than those fed venga leaves while no

significant difference was seen between the animals fed

venga and banana leaves.

From the Table 40 showing the summarised data on the

phosphorus balance of goats fed subabul, jack, venga and

banana leaves, it can be seen that the animals showed

positive balance for phosphorus when they received jack and

banana leaves as the fodder while, a negative balance was

observed on feeding with venga and subabul leaves.

Statistical analysis of the data presented in Table 41 shows

that there is a significant difference (P<0.01) between the

phosphorus balance of animals fed subabul, jack, venga and

banana leaves. The phosphorus balance of animals fed jack

and banana leaves with 4.0 and 3.7 percent of total tannin

respectively on dry matter basis was found to be

significantly (P<0.01) higher than those fed subabul and

venga leaves with 5.5 and 4.7 percent total tannin on dry

matter basis. However, no significant difference was

observed between venga and subabul leaves in this regard.

Nath (1983) stated that tannins do not seem to affect

calcium and phosphorus balance in animals. The lower
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phosphorus balances seen in animals fed subabul and venga

leaves in the present study may be possibly due to the

comparatively lower phosphorus content (0.24 and 0.21

percent respectively on dry matter basis) of these leaves

compared to jack and banana leaves with higher phosphorus

levels (0.32 and 0.52 percent respectively).

5.4.3.8. Haematological values

Summarised data on the haematological values presented

in Tables 42. 44, 46 and 48 and their statistical analysis

in Tables 43, 45, 47 & 49 reveal no significant differences

between the animals fed subabul, jack, venga and banana

leaves with respect to haemoglobin, plasma protein, calcium

and phosphorus levels. Scanty literature is available on

the effect of tannins on the blood parameters in goats. The

results obtained in the present study on the blood

parameters of animals fed the four leaves show that the

different levels of tannins in the leaves used in the

present study do not exert any significant effect in goats

in this regard.

From an overall evaluation of the results obtained

during the present study, it can be inferred that a level

upto 5.5 percent of total tannins and 3.4 percent of

condensed tannins in tree leaves does not exert
any
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significant influence on feed intake and nutrient

utilisation in goats in as much as no significant

differences were observed in dry matter consumption,

digestibility coefficients of dry matter, crude protein,

ether extract and crude fibre and balance of nitrogen in

goats fed the four different fodders of varying levels of

total and condensed tannins.
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SUMMARY

An investigation was carried out to assess the nature

and level of tannins in tree leaves on nutrient availability

in goats. Fourteen different locally available tree leaves,

commonly fed to goats, were analysed for their chemical

composition, total tannins, condensed and hydrolysable

tannins. Based on the tannin contents, as well as the

palatability and local availability of the fodders, four

tree leaves viz. subabul, jack, venga and banana were

selected for the feeding experiments. six adult non-

producing Saanen x Malabari female goats belonging to the

University goat farm, Mannuthy, formed the experimental

subjects for the study. The experimental animals were

maintained on the respective fodders as the sole feed, each

for a period of one month at the end of which a digestion

cum metabolism trial was carried out. The average dry matter

intake, maintenance of body weight, digestibility

coefficients of nutrients, balance of nitrogen, calcium and

phosphorus and haematological values were chosen as the

criteria for assessing the effect of tannins on nutrient

availability in goats.

The salient observations made during the present study

and the inferences drawn from the results are summarised

below:-
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(1) The different tree leaves studied are found to be

higher in dry matter, crude protein and calcium but

lower in crude fibre and phosphorus as compared to the

common grass fodders.

(2) The total tannin content in the different tree leaves

ranged from 2.6 to 7.8 percent on dry matter basis,

with condensed tannins predominating in majority of the

fodders.

(3) The significantly higher dry matter intake of animals

fed subabul and jack leaves containing higher levels

of total and condensed tannins respectively when

compared to those fed on venga and banana leaved ' with

lower levels of the same, indicate that the

concentration of tannins in the fodders used in the

present study does not seem to exert any deleterious

effect on voluntary feed intake in goats.

(4) The average digestibility coefficients of various

nutrients in banana leaves were higher than those in

jack, venga and subabul leaves, though the differences

between the various fodders in this regard were not

statistically significant excepting for nitrogen free

extract, indicating that the level of total and

condensed tannins used in the present study does not
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exert, in general, any deleterious effect on

digestibility of nutrients in goats.

(5) The significantly higher nitrogen balance (g per day)

of goats fed jack leaves with the highest level of

condensed tannins when compared to those fed subabul,

venga and banana leaves reveal that a level of 3.4

percent of condensed tannins is not enough to exert any

significant effect on nitrogen retention in goats.

(6) The animals fed on all the four fodders maintained

positive balances for calcium, the balance in animals

fed subabul being significantly higher than those fed

jack, venga and banana leaves.

(7) While the animals maintained on jack and banana leaves

exhibited a positive balance for phosphorus, those fed

subabul and venga were in negative balance for the

same.

(8) All the experimental animals maintained normal levels

with respect to haemoglobin, plasma protein, calcium

and phosphorus indicating 'that the level of total

tannins and condensed tannins in the leaves used in the

present study does not seem to exert any untoward

effect on the blood constituents of goats.
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From an overall evaluation of the results obtained

during the present study, it can be inferred that a level

upto 5.5 percent of total tannins and 3.4 percent of

condensed tannins in tree leaves does not exert any

significant influence on feed intake and nutrient

^^ilisation in goats, in as much as no significant

differences were observed in dry matter consumption,

digestibility coefficients of dry matter, crude protein,

ether extract and crude fibre and balance of nitrogen in

goats fed the four different fodders of varying levels of

total and condensed tannins.
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ABSTRACT

The effect of nature and level of tannins in tree

leaves on nutrient utilisation in animals was investigated

using six adult non producing Saanen x Malabari female

goats. Four commonly fed tree leaves viz., subabul, jack,

venga and banana leaves selected on the basis of their

tannin contents as well as the palatability and local

availability were used for the feeding experiments. The

experimental animals were maintained on the respective

fodders as the sole feed, each for a period of about one

month under identical managemental conditions. A digestion

cum metabolism trial was carried out at the end of each

feeding experiment. The data on body weight, average dry

matter intake, digestibility coefficients of nutrients,

balance of nitrogen, calcium and phosphorus and

haematological values gathered during the experimental

period were taken as the criteria for evaluating the effect

of tannins on nutrient availability in goats.

The total tannin content in the different tree leaves

studied ranged from 2.6 to 7.8 percent, with condensed

tannins predominating in majority of the fodders.

The average dry matter consumption (g/ kg metabolic

live weight) of goats when fed jack and subabul leaves with



4.0 percent and 5.5 percent total tannins respectively on

dry matter basis were higher than when fed venga and banana

leaves with 4.7 and 3.7 percent respectively of the same.

The digestibility coefficients of dry matter, crude

protein, crude fibre, ether extract and nitrogen free

extract in banana leaves with the lowest level of total and

condensed tannins (3.7 percent and 1.6 percent respectively)

were higher than in jac^:, subabul and venga leaves, the

differences between the various leaves in this regard being

not statistically significant, excepting for nitrogen free

extract.

Though all the experimental animals maintained positive

balances for nitrogen, the average nitrogen balance (g per

day) was higher in goats fed jack leaves when compared to

those given subabul, venga and banana leaves as the sole

feed.

The animals fed all the four fodders maintained

positive balances for calcium, the balance in goats fed

subabul being significantly higjier than those given the

other fodders.

Though a negative phosphorus balance was recorded in

goats fed subabul and venga leaves, the animals on jack and



j

banana leaves as the sole fodder maintained positive

balances for phosphorus.

The haematological constituents Viz., haemoglobin,

plasma protein, calcium and phosphorus in goats fed the four

fodders were all well within the normal ranges for the

species.

A  critical assessment of the overall results obtained

during the course of the present study indicates that even a

level of upto 5.5 percent of total tannins and 3.4 percent

of condensed tannins in tree leaves does not appear to exert

any deleterious effect on feed consumption and nutrient

utilisation in goats.
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