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1 INTRODUCTION

In India, due to initiation of crossbreeding programmes
and better animal management practices, thers is an incresasing
demand for proteins in animal feed. Simultaneously due to
high cost of conventional feed ingredients, which are preferen-
tially needed for human beings, attention is now turning towards

the exploitation of new indigenous sources of protzin supplements,

Recently, Leucaena leucocephala has been recognized

as a 'new' crop plant for tropical and sub-tropical countries,

Considering its multiple use, it is particularly important

for the marginal amd low income farmers. Leucasna leucocephala

——

is a shrub or small tree ywith bipinnate leaves, white flouers
in globular heads, long pods, and brown shining seeds, It
belongs to the sub family Mimosaceae and is native to the

Central American region (Gray, 19€8)e

There are ten major species belonging to the genus

Leucaena and family Mimosae. These ares L. leucocephala,

Lo diversifolia, L. trichodes, L, rstusa, L, macrophylia,

—— ———— — - -—

L. esculenta, L. collinsii, L. lanceolata, L. shannoni and

L. pulverulenta.

Amongst all, Leucaena leucocephala (Lam,) de Wit

is believed to be the most famous and has various popular



name in various parts of the world, Some of them are

Cow bush or Leucaena (Australia), Guaze or Vaxin (Central
America), Lead tree (Caribbean ), Vaivai (Fiji), kao haole
(Hayaii}), Lamtoro (Indonesia), Ipil-ipil or 3ayani (Phillipines)
and Tan-tan (Virgin Island), In India, eaflier it was known

as koobabul and noy it is popular as 3Jubabul (as suggested by

the late Prime Minister Mrs, Indira Gandhi.).

Leucagna leucocephala is important for agro-forestry,

and soil erosion control., It can also be used as green ferti-
lizer, source of yood, timber, charcoal, gum, paper pulp estc.
(NAS, 1977) and lastly as a source of fzed and fodder (Gupta
et al., 1983). In India, it is extensively cultivatasd in the
states of Maharashtra, Gujarat, Uttar Pradesh, Haryana,
Rajasthan, Orissa, West Bengal and karnataka. Dus to its
multiple use and fast rate of growth, it is called as wyonder

tree® and the“super marvellous treev.

National Commission on Agriculture (197€) has declared
that there will be a considerable deficit of green fodder
and other good proteinacesous sources by 2000 A.0. It is,
therefore, necessary to speed up the forage production in
India, But India has only 144 million hectares of cultivable
land against a population of €84 million heedases. \With such

an enormous population, it is hardly possible to provide adequate



land for forage production instead of producing cereals for
human consumption, In addition, India has about 88 million
hectares of barren land. In this respect leucaena, which is
able to grow in marginal lands, may play a vital role, It

can increase the rate of productivity per unit ot land in
terms of a variety of products including milk and meat, fuel
and timber., Since it is a perennial crop, it can be chopped

8 times a year and thus can be a useful fezed supplement during
lean periods of the year yhen there is a scarcity of green

forage.

However, the available literature indicatss the

presence of a toxic amino acid mimosine in Leucaena leucocephala

———

which restricts its use as a feed for livestock, &n

excessive intake of mimosine, through leucaesma , results in
poor growth, goitre, hyperactivity of thyroid gland, production
of goiterous offsprings in pregnant animals, reproductive
insufficiency, loss of hair and yool and nervous disorders etc,

in almost all types of animals,

Most of the leucasna species produce abundant amount
of seeds (14 to 20 t/ha). In South-east Asia and throughout
the pacific, the shiny dark broyn leucaena seeds are strung
on to make decorative neckless, placemats and doilies, some
of intricate and complex designs, In Central America, these

are traditionally used to extract yellow red, broyn and black



dyes (NAS, 1977). The use of leucaena sesd as fzed was
first established in somz countries liks Mexico, Indon=zsia
and Thailand, where the immature pods and leavaes were =aten

ray or cooked in soup by the regional pesopls,

However, there is a tremendous paucity of information
regarding the feeding of leucazna seeds to ruminants though
the same has been tried in small animals like rat (Hylin and

Lichton, 195) and in poultry (Lee and Yany, 1981).

keeping the above facts in view, the present
investigation was undertaken with the following main

objectivesg

1e To know the chemical composition of L, leucocephala

seed and its effect on growth rate of crossbred

goats,

2e To determine the nutritive value, digestibility and
balances of different nutrients in male goats fz=d on

leucaena,

Se To study the effect of leucaena ssed on plasma
thyroxine levels and thyroxine secretion rate in

goats.,
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2 REVIEW OF LITERATURE

During last tyo decades or so, lot of wyork has been

done on the feeding of Leucaena leucocephala lsaws to the

livestock, Leucaena has been proved as a good source of
protein supplement, specifically in ruminants, Besides

having a good quality protein, it contains a toxic constituent,
mimosine, which leads to certain abnormalities in the animals
fed on leucaena, The mimosine is degrgded in the rumen to
dihydroxypyridine which in turm is excreted through urine,
thus, making it less toxic. The mimosine/DHP affects the
thyroid gland by impairing the iodination of tyrosine for the
synthesis of thyroxine and its secretion. Under the present
investigation, it was planned to use leucaena seed as a protein
supplement in goats and it is yorthuyhile to review the literature

on leucaena feeding under the following titles.

2.1 Chemical composition of Leucaena leucocephala seed.

2.2 The effect of the feeding of leucaena on grouwth rate,
dry matter intake and digestibilities of different
nutrients,

2.2.1 Ruminants,

2.2.2 Suine

2.23 Poultry

2.5 Toxic constituents in L. iggggggghala

-—-— - e



2,361 Taanins and mimosine.
2.3.2 Effect of mimosine on thyroig tunction,

2.3.3 Effect of mimosim on other crgans.

2.1 Chemical composition of Lsucasna laucocephala seed

- —— ——— -

The chemical composition of leucasma Todder has been
evaluated by differsnat workers, Reports indicate that the
leucaena fodder has the same chemical composition as that of the
lucerne (NAS, 1977 ). But the chemical composition of leucaena
varies widely with different locations, age of the plant,
seasons, type of the soils and method and efriciency of the

drying process,

Takahashi and Ripperton (1949) reported a mean annual
yield of 8=9 tons dry matter per acre containing 2442 to
3145 lbs of protein. They also found the crude protein
content of leucaena leaves from plants cut three, four and six
times a year as 24.31, 2€.05 and 30.07 percent of the dry

matter and of stems 8,0€, 9¢14 and 1004 percent, respectively,

Singh and Mudgal (19F7) emphasized that the chemical
composition of leucaena varied considerably with the months,
The dry matter content varied from 24,98 to 3F .80 percent;
crude protein from 18,90 to 27.54 percent; ether extract

from 2,59 to 5,88 percent; crude fibre from 104156 to 17425



percent; nitrogen free extract from 4€,7 to 52,f percent and
total ash varied from 4.49 to 10.90 percent, Upadhyaya et al,
(1974 ) reported that leucaena leaves contained 21,45 percent
CP; f£.54 percent EE; 14.26 percent CF; 49,48 percent NFE;

4,28 percent ash; 2.7 percent Ca; and Q617 percent P on DM
basis, A wide ratio of Ca and P in leaves was found, The

average Ca to P ratio was 1€:1.

NAS (1977 ) also reported that the leucaena meal contained
4,2 percént N; 25.9 percent CP; 200.4 percent ADF; 2.3¢ parcent
Ca; (0.27 percent P, on DM basis, It also contained 53F mg
betacarotene per kg, 1015 percent tannins and 2.1 kj/g of

gross energy.

D'Mello and Thomas (1978) reported the composition
of dried leucaena leaf meal, They found 232.9, 38.4, 47.9 Qg
ésh, nitrogen and ether extract per kg on DM basis, The other
constituents like phosphorus, calcium, sodium, potassium and
magnes ium on kg DM basis yere 2.3, 24.7, 001, 15.3 and 3.f g,

respectively.

Sen et al, (1978) indicated that leucaena fodder
contained 1€,7 percent CP; 12.€ percent CF; 51.1 percent NFE;

7.1 percent BEE and 12.5 percent ash on DN~basis.

Adeneye (1979) analysed the green pod yith small tiny

seeds, green pod with big seeds, green seeds, broun seeds



A0 BEluls S2els PlThoul sS2ed Coatl anma abtained the resuils
an peIceaiage Dasis ToT JN 3.2, W4, S0 and gf 4 (P
51205 235.T7, 335.7,; 32 aRT 43.2; & Qe ¥y 2.1y 4.€, 8.3 and
13.8; LF 1BaT, 2S.4, 1355, 35.% and 7.35; total azh 7.3, Te1,
£,€, 5.2 3ACT €.,2 anT WFE €2.1, 5%.7, 43.€, 20® and 27,1,
respectively., Hz also rzportsd that the crude fat componznt
was higher ia ssed than any other =2dible part of the plant,

further, the maturs lsaves contained 2.8 percent calcium and

0e2€ percent phosphorus, Q.37 percent magnesium on dry matte:

basis,

Jones (1979) studied the mineral status in varijous
parts of the lsuctena plant exceptl leucaena seed and repoi ted
that sodiuva contenatl veried from Q.02 to Q.07 percent which
was quite low so far the reguirements of ruminant are concerned,
lodine was also found to be low in leucaena varying from
0.033 to Q.09 pPpm as compared with a reguirement of approxi-

mately 0.8 ppm for ruminants.

Pal et al, (197¢) reported 15.22 percent CP; 2,96
percent EE; 15.62 percent CF; 55.72 percent NFE; 11.09 percent
ash; 2.99 percent Ca and .19 percent P on DM basis in leucasna
leaves, The seeds of certain varieties of leucasna (k-8, k=28,
h=€7 and herala) had proximate composition expressed on

percentage dry matter basis ranging from 28,56 to 20,1 CP;



€e5 to 743 EE; Be4 to 809 CF; 509 to 51.8 NFE; 4.1 to 5.4

ash; 0032 to 035 silica; Q.44 to 0.5¢ Ca and Q.34 to 0e3€ P

(Anonymous, 1980-81).

Rosas et al. (1¢98) studied the effect of plant
height.on the chemical composition of leaves, The samples,
obtained from the heights of 0.5, 140y 15, 2oC and 2.5 m
had CP 1€.2, 122, 18¢1, 18+4 and 17,8; EE 7.2, 943, 943, BT
and 8e2; CF 745, 8¢5, 12.5, 12.2 and 12.5; Ca 2,49, 2.15,
22.02, 244 and 2.0; P 0009, 0e13, 0e10, 0.09 and 0.7,

respectively on percent DM basis,

Kkharat et al. (1980) reported 93,79 OM, 22.22 CP, 3.5€
EE, 40430 NDF, 29,79 ADF, 1€.,77 cellulose and 1€ .51 hzmi-

cellulose in leucaena leaves on dry matter basis,

Akbar (1983) reported the proximate composition and
cell wall. constituents of various plant parts of one variety
k-8 of leucaena, The percent dry matter ranged from 28.33
(immature leaves) to 9€,.09 (seed), CP 10.32 (stem, dry pod)
to 27.62 (seed), EE 3.24 (green pod) to 8,99 (seed), CF
1103 (seed) to 40.85 (stem), NFE 30.45 (stem) to 48.48
(mature leaf) and total minerals 5,01(seed) te 12.41 (branmch),
During studying the composition of macro and micro minerals,
he also reported that on percent dry matter basis, leucaeng
seeds contained 5.0 ash; .05 acid insoluble ashj; Q.85 Ca;

0.€3 P; 40 ppm Cu; 38 ppm Mn; 250 ppm Fe; and 47 ppm In,
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The tannins (mg/g) and mimosine content in leucaena hay varied
from 7,33 to 19.6F and 2,f8 to 3.19 percent of dry matter
Iespectivelyo,

The CP, EE, CF, NFE and ash content of Subabul hay
welre 22.22, 2.88, 1€.85, 48,05 and 10.00 percent, respectively
on DM basis (Gupta et al., 1983).
2.2¢ Effect of feeding laucasna on grouwth rate,

dry matter intake and digestibilities of
differsnt nutrients

2.2.1 Ruminants

Burt (1940) reported live weight gain upto 1.15 1lb
per day in steers grazing on almost entirely on leucaena
pasture in Hawaii, In an another study, the leucaena
was used quite extensively as feed for both dairy and beef

cattle (Kinch and Ripperton, 19€2).

Jones (1973) reported the remarkable daily gains of
0.93 kg/head/day for )2 years old steers and Q.88kkg/head/day

for calves, recorded on leucaena nandi sstaria grass pastures,

Upadhyaya gt al, (1974) conducted a trial with Barbari
bucks fa2d on leucasna leaves, Thay reported that all the
animals showed positive nitrogen and calcium balances and
only one animal out of four showed negative phosphorus

balance,



Partridge and Ramacou (1374) coaducisd Jrowtn studiss
On grass pastules contzining @, 10 3aNd 20 psrcaat arsa umasr
lsucasna plantation, The pastures wele grazag 41,5 stsers
we

per hectare, Uzaily avzrage ysight ins

Wi
[\l

grass pacture, 300 g on the 900 pesrcent lsucasna pasturs

and 500 g on the 20 percsat lsucazna pasturse.

Holmes (997€) conductsd 3 growth trials on 3rahman
cross heifers grazing lsucaena, In thrse trials leucaana
appeared to be unpalatable, althouih growuth rats of heifers
increased after 2 weeks, In trial 2, over six months
stocking rates of 2,2 and 3.4/ha were inadeguate to control
leucaena. \eight gains weres variable and at 4.6/ha hair
loss and goitre occurred. 1In trial 3, the apparent advan-
tage of supplementary iodine yas not significant owing to

high variation among amimals,

In another study, Leng and Preston(197€) reported
that the supplementation of a diet of chopped sugarcane with
leucaena, keeping the overall protein contsnt of the diet
to 9 percent gave a live weight gain of Q.8 kg/head, which
was similar to the growth rate in steers fad sugarcane and
meatmeal with a crude protein content of 40 percent in the

diet,



Pezez (197€) in a study yith FQ bulls fed yith rice stra
Supplemsnted yithleucasnz 3t vzrious levels, rszported that the
6aily gains of 0.53, 038 2n3 Q.3 kg/hzad resulted from f2eding
FO psrcent Tice 81ray + 40 p=Ircsnt concsntrates, €Q percent rice
straw + 40 percent Ory leucasna leaf, and 490 percent rices

stray + 90 percent leucasna leaf, respactively.

Blunt and Jonss (1977) studied the live yeight gains of
steers on leucasna pastures and reportsd that initially the
steers showed good gains (Qe® kg/day) om irrigated leucgena
Pangola pastures, but subseguently gained poorly., Over 308

days, they gained a mean yeight of only 0.29 kg/day,

Young steers grazing on lesucasna/nandi setgria pastures
gained upto { kg/day., Aanual livez weight gain of 900 kg/ha
was reported in Northerm Australia, Zebu and Zebu x Friesian
steers fed on a ration of maize stover, maize bram and lesucaesna
in the ratio of one part of leucaena to four parts of maize stovel
and maize bran, gained 1.17 kg/head/day, uwhich was quite similar
to groundnut cake feeding (Thomas and Addy, 1977). Significant
highezg weight gains yere observed im animals receiving laucaena
ad lib, (group I) thgn those fod restricted amount of leucaena
fodder (Group I1). The average body weight gains were 0.57 kg
and Q.40 kg in groups 1 and ]I1, respectively, The average
values of nitrogen retention were 58,93 and 48477 g/day in thase

groups (Sobals et al,, 1978).
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In another study 7-8 month old goats wyeighing 9 kg were

given leaves and soft twigs of Leucaena_leucocephala, Calcium ,

phosphorus and nitrogen balancss yere positive, Average daily
dry matter intake was 3.3 kg/100 k3 body weight and average

daily gain was 2€,2 g (James, 1978).

Jones (1979) conducted growth studies in steers by
feeding 80 percent leucaena in one group, lesucasna as a supple-
ment of 20 percent sorghum hay in another groupe Thz control
group was fed with sorghum hay only. He found that the stzers
given fresh leucaena daily as a 20 percent supplement to sorghum
hay also showed highsr live weight gains even when the total
feed wyas restricted to 2,5 percent of the body weight in all
rations, In 112 days trial, it was found that the body weight
gain in 80 percent leucaena group was minimum (91 kg) vhereas
the animals fed 20 percent leucaena, it yas maximum (58 kg) in
comparison to control (35 kg). The average dry matter intake
per day for three groups were 3.58 (control), 3.91 (20 percent
leucaena) and 1,99 (80 percent leucaena), respectively. The
feed to gain ratio of the diet containing 20 percent leucaena

forage was 7.62:1 and that of the sorghum hay diet was 12.3:1.

Hulman and Preston(1981) conducted growth study for
98 days with 9 crossbred bulls fed on chopped sugarcane treated
with urea at 3 percent of DM and supplemented with fresh

Leucaena lsucocephala forage at 91, 2, or 3 perceant of live

weight, The average daily gains in order as above were €4, 105



2a6 growth rates (22 = g.75).

Palcas =t al, (1981) conductad ths growih stwudias on
crossbred calwes fed oa lsucasna pasturess. 0Oas group of
animals yas subjectad 1o Durmwda grass pasture for 9 hours/cay
for 252 days, whersas th= othar oAs vas sudjactad te § hours
on burmuda grass pasturs and 4 hours oa lsucaamna pastures,

The body weight gains wer=s T4 aad 904 K3 1n Qroups y ana g,

Iespectively.

In another study the crossbrad calws of 3-4 montha of
age receiving lsucaena in their dist gray faster (7138 g/day)

than those fed rice polish (€81 g/day) (Saucedo et al., youy).

Perglta and Hughes-Jones (1981) reported the effect ol
leuca2ena along with molasses on feed intake, feed conversion
and weight gains of young bulls, The bulls were fed unres-
tricted chopped whole sugarcane and leucaena alone or with
additional molasses, The DM intake and daily weight gains

did not differ significantly between the tyo groups,

Jones and Jones (1982) studiod the average welght gains

in steers grgzing Irifolium aomg_.oaum and Leucapna lepucocephala

pastures in @uoenaland from 1969 to 1079. Average animal live

weight gain/ha vas 4€9 kg on T, semipilosum and 511 ky en




.
Wi

ks lZpcccEpgnz .2 pastur=.

dzhiyeni =2t al. (1562) coacuct=d growth studiass oa
Crossbred @agele sal=s catii=s, f=d ea zrass aloms ad lid, i
GCoup 1, JEass and IsuCaeaa 1a propartiicm aof §0Q:20Q, FosdQ:

for a peried of 2€ y2siks ia groups g§, §

40:Ffg or lsuc3ceaz algae
4 and 5, respectivels, SICup {1 aaiaals shousd Q.03 w3 loss

in bocy weight per day. 3cdy weizght Jaia of Q.544 amy Q.587
kg/day for groups 3 amc 4 werI=s sigaificaatly highsr than p.292
and Q.30f k3 per day for groups 2 aad 5, and feed conversion
ratios of 92.¢0 and 11.3 were lowest in groups 3§ amd §, Laily

UM intakes of 22,8, 95.5 and S4.0 3/k3 w0eTS ore significantly
higher im groups 2, 3 and 4 than 75,1 and T7,€ g per kg g0e®d
for the groups {1 and 5, DM digestibility of §9.5 parcent was
significaatly higher for 40Q psrcent lsucasna than other diets,

The leucaena had average mimosine and DHP contents of 1,2Ff and

Oe18 percent, respectively.

Gupta gt al, (1983) in a study with sheep reported that
the DM intake per 900 kg body weight was reduced from 1,98 to
1.1€ kg and the average loss in body weight yas agout 18 kg in

17 days feeding with leucasna hay as a sole ration,

khurar et al, (1984) studied the effect of partial
replacement of digestible protein at the rate of 25 and 8p

percent by feedinyg Subabul (Leuceaena lgucocephala) leaves in




1€

in the ration of growing crossbred calves, The dry mattasr
intake per 100 kg live weight was 2,640+ 0011F, 2.74F + 0,89

and 2,797 * 0149 Kg 1in group 1, group 2 and group 3,
respectively, The live weight changes were 48%, 5389 and

463 g/day in the calves of groups 1, 2 and 3, respectivesly,

The efficiency of DM utilization was also found to be signi-
ficatnly highep in group 2 than groups 49 and 3., This indicatesd
that 25 percent of digestible crude protein could be replacesd
in the ration of growing calves through leucaena leaves yithout

affecting the grouwth rate,

Nutritive value of L. lsucocephala

There are very few reports on the digestibility of

leucaena feeding in ruminants,

Singh and Mudgal (19€7) reported the digestibility
coefficients of leucaena leaves and green twigs in calves which
were; DM 591.05; CP FF.91; EE 48.5; CF 57.39; NFE 49,51; UCP

12.€4 and TON 57,08 percent,

In another study, the digestibility coefficients of
bm, CP, EE, CF and NFE of leucaena leaves, in bucks were found
to be 71036, 78401, 47.62, 56.72 and 81.09 percent,
respectively, The DCP and TDN values were 1€,73 and 70.22

percent, respectively (Upadhyaya et_al., 1974).
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Joshi and Upadhyaya (197€) reported that the leucaena
fodder was palatable to sheep since sheep was found to consume
on am average 58 g DM per kg u°°75. When the leucaena fodder
was fed in combination with setaria grass upto €0 percent of
dry matter, the total DM intezke increased., The feeding value
of leucaena yorked out by the difference method in terms of

DCP and TDN was 15,5 and 54.0 percent, respectively.

Sobale et al, (19278) reported percent digestibility
fopm OM, CP, £EE, NFE, NUF, ADF, hemicellulose, cellulose and
lignin as FQ.07, 7325, 28072, €301, 50025, 40.84, F9,01,
50090 and 18,95, respectively in crossbred calves fed on

leucaena leaves.

Rosas et al. (1980) reported a value of S54.5 percent for
TON and DE, ME and NE 2.42, 1.98 and 1.17 Mcal/kg, respectively

in leucaena leaves.

Sharma and Sahni (9981 ) reported the DCP anc TON
values of leucaena hay in cattle were (€ and 70 percent
respectively. In another study, the digestible coefficients
of DM, CP, EE,CF and NFE were 51.44, FQe¢5€, 37.25, 48,34 and
48,38 percent respectively. The DCP and TON values of leucaena
hay were 13.4€ and 50,25 percent respectively (Gupta et al,,

1983 ).

2.2.2 SUine-

Iuaéta et al. (1957) conducted the feeding trials

A
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in swine with dehydrated L, leucocephala meal, They reported
that this material could be a useful feed for growing and
fattening swine at 5, 10 or 15 percent levels, without any

ill effect.

In another york hammer milled, sun dried leaves of
leucaena were given as 10, 20, 30, 40 and 50 percent in the
commercial growers diet for pigs. All diets were supplemented
with ferrus sulphéte 2 g/kg to counteract the mimosine toxicity,
During 50 days trial with the above diets, all pigs remained
healthy although many passed red-brown urine. Growth rate
and feed conversion efficiency were significamtly higher in
10 or 20 percent leucaena group, The animals fed on 30 and
40 percent leucaena showed similar findings as that of control
group., Growth rate and feed conversion efficiency in pigs were
found poorer in group fed with 50 percent leucaena (Molynicz

1974 )0
2.2.3 Poultry

A considerable amount fof work has been done on the
feeding value of leucaena, when used as an ingredient for
poultry ration, But most of it is on the use of laucaena

leaf either fresh or in dry form,

Springhall and Ross (19F5) reported that the addition

of leucaena treated with ferrus sulphate to grouwer rations
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cuntaining sago and copra, did nut significantly altzr the
eqy proeduction,

Hathcock st al, (1976) conducted growth study in chicks
for 4 wesks, The chicke were foed with all combinations of
total distery protein values of 15, 25 and 35 pzrcent and
leucaana leaf mesl at (, 12.%, 21.4 and 230 percent of the
diet, 1t was found that yith all amounts of leucasna, yith
increwased protein the chicks showed significantly higher body

we ight, feed intake and feed efficiency after 4 weeks,

DiMello and Thomas (1978) reported that all dietary
levels of L, leucccephala (50, 100, 150 and 400 g/kg dist)
induced a severe deprescsion in growth of young chicks,
However, chicks appeared to possess some ability to adapt

to moderate dietary concentration (50, 100 3/kg) of laucaena.

biMello and Acamovic (q961) reported that the growth
and efficiency of food utilization were similar in young chicks
fad on a control soyabean meal diet or a basal diet containing
150 9/kg of leucaena leaf meal (LLM), Supplementation of this
basal LLM diet wyith ferrous sulphate or aluminium sulphate
had little effect on growth and efficiency of food utilization,
but the ratio of mimosine output to mimosine ingested (MO/MI1)
increased from p,781 to 0,881 and 1,003 on addition of

ferrous sulphate and aluminium sulphate,
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Lee and Yany (1981) elucidated the feeding valus of
leucaena seeds in broiler chicks, In two trials, fppo Hubbard
chickens yers offered isonitrogenous diet containing 0.3,

10, 15 ar 2p percent of dietary protein comprising lesucasna
sgeds for a period of 8 weeks, Rate of gain and fzed convarsion
efficiency decreased with increasing levels of leucaesna seeds.
Even the addition of Q.3 percent ferips sulphate did not
increase the rats of gain and feed conversion efficisncy,

Mortality rate wyas found more in the group given 20 percant

of protein as L, leucocephala seed,

Gupta et al,., (1983) indicated that the use of lsucaena
meal could increass the colour of eég yolk, It also served as

a valueable source of vit,A, riboflavin, vit., Kk and xanthophyll,

23 Toxic _constituents of L. leucocephala

2¢301 JTannins and mimos ine

The main toxic principles of L, lsucocephala  is
mimosine. Besides mimosine, the presenteof a significant
amount of tannins (10.15 mg/g) may have an important nutritional
implications as far as the ruminants are concerned (Jones, 1979).
He reported that unlike lucerne, no signs of bloat had been
observed in cattle grazing on leucaena, Tannins present in
leucaena might be hgving an important role in the protection of

protein and, thus, preventing them from degradation in the rumen,
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and, therefore, making more available in the abomasum. 3dut
tannins have been recognized as intaerfsrring constituents in
protein utilization and amino acid availability in certain
plants like sorghum and cassava forage(Okoh 2t al.,, 1982 anu

Reed st al., 1962).

Yoshida (1944) reported that mimosine is found
primarily im the seed of Leucasna glauca, a lesser amount

being present in the foliage and stems,

Wibaut (1953) identified the structure of mimosine

oL
as p- (N- (3 hydroxy-4 pyridine) = amino-propionic acid,

kinch and Ripperton (19F2) reported that the concen-
tration of mimosine yas 3 to 4 times more in green leaves than

that of stems.

Sobale et al, (1978) reported that the mimosine
content of leaves, stem and wyhole fodder of leucaena was
2.5, De¢1 and 9.5 percent respectively,

Jones (1979) reported a contant of 12, 3-5 and 4-5
percent of mimosine in young leaves, pods and seeds,
respectively.

Akbar (1983) reported that the mimosine content of

leucaena seed was 5.04 percent on UM basis,
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19€4; R=is et 2l., 1975; Hegarty st al,, 197€; Shiroma and

Akashi, 197F).

Hegarty st 2al, (19€4) administared mimosina to
sheszp through 3 giffsreat rou{% viz. intravenous intra
abomasal aad intra ruminal, about 4, 9 and 9.8 g per day
and found that the DHP excretion was highar (1.35 g/day)
following the intraruminal administration, wheareas the
former two rou€§ showed the sxcration ia traces, The axcretion
of mimosine was Q.€5 g/day in casa of intraruminal adminis-~
tration, wheraas 3,00 and $5.00 g/day ftollowing intravenous

and intraabomasal routss respactively.

Shiroma and dkashi (1976) established a fruitful
compar ison amongst goat rumen fluid (GRF), poultry digestive
tract fluid (PUTF) and pig stomach fluid (SSF). 1t yas found
that GRF, in comparison to POTF and $5F was much more capable
of degrading the mimosine and the respective reduction values

were 9€, 42 and 42 percent,

NAS (1977 ) demonstrated the degradation of mimosine
to DHP by the ruminal microbes which is given as belows
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0 OH
i
\ EH' OH Ruminal _ ~ I OH
degradation X
N N
1 DHP
CHZ—CH(NHz)—COOH (3,4-dihydroxy pyridine)

MIMUSINE
(B-N=(3 hydroxy-4-pyridine )-alpha amino propionic acid)

2.342 Effect of mimosine on the thyroid fumction

The clinical signs in cattle, atter feeding leucaena
for a long period are mainly the poor growth, enlarged thyroid
glands and production of goitrous calves which usually die at
birth (Compere, 1959; Letts, q9€3;Hamilton gt al.,, 19€8; 1971;

Vohradsky, 1972; Jones et al,, 197€, 1978).

kraneveld and Djaenoadin (1947 ) in Indonesia, conductesd
trials in goéts, fed with leucaena, They reportad the non
toxicity of the leucaena in this species. Compere (1959)
in his experiment also elucidated that the rumen of cattle was
capable of destroying the toxic agemt in leucaena, Mimosine
has been shown to act as a tyrosine analogue and is capable of
inhibition of tyrosine decarboxylase and competitive inhibition

of tyrosinase (Crounse and Maxuell, 19€2).

Hegarty et al, (19€4) reported that the absence of
any clinical synptem of thyroid gland in a sheep fed on

Leucaena glauca chaff might be due to increased detoxification

in the rumen, But in another study, enlarged thyroids uere
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four cut of the aise calwes frem nsifsrs f2a la3ucisma had salayy
thyreic gl=ad 3T 3iIth 3ma TRIse calwes shaued sigas Qf
nyperactivity, Cme calf ¢lth aa =alarged MYISIT was doura
deaad,

ihe plasa:z pretaim Douad i1caias lswels 1a She calves,
whose dams were fed with laucasas, yere 12.€6+ €,9 at darth and
15.9#% 3.4 xg/100 m1 ia 35 days. Tha post mertem studies
showed, no chaamage ia the histclogy of thyreid glands in
lsuczena fed graup, The plasma protain bound iedine lavels

in the dams fed with laucasaa and lucerns were .5+ 0ed and

3¢3+ 0o€ kg/100 ml respectivsel,. (Hamilton st ale, 1971) e

In cRother study 1t was reportsd that mimosine itself
was Aot goitearoganic to rats but the dagraded preduct UHPR yas a

potant goiterogen (Reis at al,, 1975 and Hegarty et al., 187€),

Falvey (197€) fed leucasna to crossbred heifers during
2-5 years of age. The experimental group shoyed marked hyper=
activity. Oral administration of 2@ mg iodine in the form of
pot, iodide over 42 days period had no apparent affect, The
mean thyroxine (T4) concentrations in leucasna and controel groups
were 72.5 and 55,0 mM/lt, respectively, In another study goitre
in cross heifers, fed with leucaena, over € months period were

again reported (Holmes, 1987€).



Joaes et al, (197€) reportad ths snlarged thyroio
gland im cattle graziag lszucasna in Queeasland, North yest
Australia amd New Guinea, Ia Juesasland, the thyroid wyeijhts
in crossbred heifers ia tye groups fed omas yith leucasna and
rhodes grass for {€g days aad ancthar with lsucaena/setaria for
2 years were 171+ 57 and SQ+ 14 3, respectively in comparison
to the value 24+ 14 g of the control group fed with setaria/
rhodes, In Australia, the thyroid yeights of stsers and
calves grazed on leucaana/pangola pastures for 370 and 9
days were 170# 139 and 108+ 39 g respectively; wheresas the
steers and calves in control group showsd 21+ 4 and 25+ 4 g

of thyroid gland respectively. The 3rd experiment yas fed
with Brahmin heifers with laucasna/unpalatable weeds for 198

days, showyed the identical cobsarvations of enlarged thyroid

gland (72+ 48 g).

The rations containing 0, 10, 20 and 4p parcent
laucaena yere fed to steers for 912 days, 1t yas found that
the ration containing upto 40 percent leucaena resulted in
good live yeight gain, The thyroxine (T4) level yas less than
20 n mol/lt. in 4p percent leucaena fed group at the end of
feeding period, Steers on 0, 10, 20 parcent leucaena diets
maintained normal T4 level of €0=100 n mol/lt throughout the
feeding period (Jones, 1977).

Holmes et al, (1981) studied the histopatholegicel
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changes in heiferes fed solely on leucaena dist from 10 months
age until slaughter at the age of 23 mounths, In addition to
goitre both follicular hypezrplasia and colloid accumulations

wore found in thyroid glands,

Jonas and Jones (1982) reported the sarum thyroxina
leval lesser than 1f n mol/lt in the steers grazed on laucazna

pastures from 19F9 to 1979.

Wahyuni et al, (1962) conducted the growth studias
in crossbred Ongole male cattle, fed on lsucazna along with
®¢ grass, The control animals were fed with grass only,
During the trial of 21 days mean plasma thyroxine concentrations
were y53,3 and 52,9 ug/ml in experimsntal and control groups,
respectively at the begining of the study and after 20 wezks
no significant difference in the plasma thyroxine level betwsen

the two treatments yas observed,

2433 Effect of mimosine on other organs

The effect of mimosine on the thyroid gland is well
recognized, But mimosine is also found to affect the other
organs like subcutaneous tissue, nervous and reproductive
systems etc., The main toxicity symptoms of mimosine include
salivation, loss of wyeight, loss of appetite, loss of hair and
wool, skin lesions, incordination, poor breathing and sometimes

death (Letts, 19€3; Hamilton, et al., 1968; 1971; Vohradsky,1972;
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Jones et al., 197€; 1978).

The toxicity of leucaena was first suspected in 189€ by
Morris in horses, He observed the loss of hair from the tail
of horses, The hoof complications also appeared in horses

fed on leucaena for a long period (Morris, 189€ ),

Yoshida (1944) reported the loss of hair and other
symptoms in rats f2d on the diet containing leucaena. She
stated that the toxic effect of leucaena yas duz to the
amino acid mimosine which occured in the leaves and seeds, She
further isolated this substance from seeds and f=d it to her
test animals which produced the same symptoms, Rations
containing 915 percent leucaena meal lowered the fertility,
when fed to breeding gilts (Takahashi and Ripperton, 1945).
The leucaszna was said to be non toxic in goats (kraneveld and

Djaenoedin, 1947 and Owen, 1958).

Anon (1948) had shown no loss in reproductive sfficiency
in coys fed on leucasna, whereas in another york, leucaena

was suspected of causing starility in couws (Whyte et al,, 1953).

Kraeneveld and Djaenosdin (1950) studied the effect
of dried leucaena sead on tyo horses., In case of first horse,
the leucaena seed caused the hair to becom2 less firmly
attached to the skin and rubbing by the animal caused bald spots

to appear, In the second animal the feeding caused part of the
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long hairs and tail to fall, Histological examination of the
skin from the mane and tail of leucasna fed horsss showzd only

oedema of the corium,

Damseaux (195¢F) observed that sheep fed on lsucaena
showed a reduction in yool grouwth after 419 to 14 days of
feeding. Voided urine was red and autopsy revealed a

haemorrhagic cystitis,

Crounse et al. (19€2) studied the effect of mimosine
on the growth of the hair of mice, Experimental groups were
fed with cakes containing 5 and 10 percent whole ground
leucaena seed and Q.5 and 1,0 percent mimosine, Control group
received cake prepared without seed or mimosine., A large

area of the body of each animal yas plucked to make free of

hair to induce a new anagen cycle in the hair follicles of those
areas, The animals receiving 10 percesnt ground seed and 1,0
percent mimosine showed no hair growth in 8-10 days and even

after 9 weeks of feeding,

Letts (19€3) reported that a buffalo calf suffered from
loss of hair after feeding a diet containing leucaena but

recovered yhen leucaena was removed from the diet.

Montagn and Yun (19€3) fed leucaena seesds to mice
which resulted in gross damage including ths degeneration of
hair follicles and they concluded that mimosine seemed to be a

mitotic inmhibitor,
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Yhea the shecp was fec sel=ly with lsucasma chatr feor
loag pericds, the aaimals Becams cgadlitisma=d to laucasaa,
without showing any ill =sfiscts of ths fssa, Tha absancs of
toxic symptems ia coaditica=c she=p appearsa to ba dua to
increased degradatiica of mimosins tc OHP by tha ruminal microbess

(Hegarty =t _al,, 19€4).

Hylin and Lichtoa (19€S5) reportaa that feading mimosina
to fertile female rats caussd cessation of oestrous cycla, As
little as Q¢5 percent in the di=t on prolongad feseding caused
irregular and atypical ocestrous cycling. Further study by
Bidon and Lamond (q9€ ) using mics, reportad that mimosine
extracted from leucasna caussd the dsath of embryos when

fed to the pregmnant females, Leaf matarial at lsvels upto

30 percent of the diet had only slight effect on pregnancy,

In another e xperiment 15 percent of the leucaena leafl
meal was fed to the rats, A&ll the females yere found infertile
and the males showed reduced libido, in comparison to control
group where majority of the females conceived, 1t was again
observed during autopsy, that experimental group had a signi=-
ficastly larger proportion of dead foetuses as compared

with control group (Joshi, 19€8).

Hamilton et al., (19fg) reported that there is no 11l

effect of leucaena on conception in cattle, In their
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e xper iments, five heifers were fed on 80 percent leucasna for
more than 1 year and all of them were artificially inseminated,
Ope calf from the experimental heifer with an enlarged thyroid

gland was born dead,

Hill (1971) reported the occurrence of pitutary
enlargement, decreased birth weights and increased neonatal
death, in the pregnant cows fed with leucaena. There was also
a significant increase in bacterial population of the ruminal
fluid of the cattle fed with high level of protein through

leucaena (Hill, 1971 and Adeneye, 1979},

Malynicz (1974) reported that many of the pigs fed
with 10, 20, 30, 40 and 5p percent leucaena in commercial
groyer's diet for 5¢ days, showed the symptoms of passing

red-browyn urine, though all pigs were healthy,

Hathcock et al, (1975) observed the mortality of 14 day
old chicken embryos by 4q7th day, after injecting the sxtract
of leucaena leaves to them. Reis et al. (1975) reported
that the infusion of mimosine at the rate of 80-120 mg per kg
body weight for a period of two days caused ceassation of ywool
growth in sheep, The infusicn at the rate of 21-24 mg/kg body
we ight had no ill effect on wool grouth, A single dose of
mimos ine 450-650 mg/kg body weight was effective for deflsecing

the sheep, $alivation, incoordination of gait, hyperactivity
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of thyroid in heifers, fed with leucaena for two and half
years, were observed in Northerm Australia (Falvey, 197€)., The
hair loss, associated with goitre uyere also observed in
Brahman cross heifers grazed on leucasna pasture for over € months
(Holmes, 1976). However, the occurrence of hair and ywool
shedding were also reported in sheep (Joshi anc Upadhyaya,
197€ ). But cessation of leucaena feeding also resulted in
normal growth of hair (Jones, 1979 and Guptig%%QBS).

,\\

Holmes (1980) reported that there was a defect in
conception and maintenance of pregnancy in cattle, Out of 24
female cattle grazed on leucaena, 8 conceived in less than
4 months, another 90 in 9 to 18 months and € did not conceive

after 912 to 27 months, where the mating males were all proved

sire.,

Holst (1982) reported the occurrence of moulting in
Cashmere goats fed on 0, 5.4, 7.2 and 9,0 g mimosine/100 kg

body weight,

Gupta et al., (1983) fed the sheep solely with leucaena
hay for a period of 47 days., The excess salivation startad
from 8 to 1oth day of feeding coupled with loss in body

kappor et al. (1983) studied the strained rumen liquor

of five Murrah buffalo calves, fed with leucaena, They



observed that the total protoczcal counts, pH and molar
proportions of butyric acid were not different significantly
between the control and experimental treatments, However,
significant variations were recorded in molar proportion of
acetic and propionic acid and total bacterial c-ocunt of

different treatments,

The literature reviewed mainly highlights the work
done on the feeding of leucaena leaf as a protein supplement,
Since the leucaena seed also contains an appreciable amount
of protein, thus, studies were initiated to explore the
possibility of feeding leucaena seed and effect on its fesding
on thyroid gland by estimating the plasma thyroxine levels

and thyroxine secretion rate in goats,
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3  MATERIALS_AND METHODS

Studies Were conducted tg elucidate the effect of

feeding Leuczena lsucocephala seed, on the grouth rate,

dlgestibility of feed autrients and thyroxine secretion rate
in male goats,

Leucaena seed

The seed samples of leucaena was collected from the

experimental area of Central 3So0il Salinity Research Institute,
Karnal, The variety of the ssed yas K=8-28 imported from

Hawaii, The seedlings yere raised in the Aaursery in the

month of January 1983 and then transplantad in sandi-loam soil

in the month of June, The plants started flowering aftsr €

months, After one year the pods wers harvested,dried, thrashed
and seseds yere Collected, Since the leucaena plant producas
seeds tyice a year, a second collaction of seeds was made

in the month of July 1984. To remove the unwantad matarial,

the dried seeds were passed through an automatic scraaning

machine at 1.A.,R,I, New karnal,

3e1 Chemical analysis of Leucaesna lesucocephala seed
and effect of its feeding on_growth rate of goats

Chemical composition of L. lsucocephala ssed

The seed sample was subjected to different chemical
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@nalysis, including the @stimation of trace minerals, icdine,
tannins and mimos ine,

5¢1.1 The crude protein and ether e xtract were estimatad Dy

the method described by A.0.A.C, (19€0).

S5¢1e2 C(rude fibre, total ash, acid insoluble ash and calcium

were estimated by the method of I5] (1975).

5-1.& Phosphorus yas estimated by the micro-msthods, describzd

by A.0LA.L. (1975). (Fig. 1).

3¢1.4 Determination of manganese, copper, zinc and iron:
Reagents;

a) Tri acid mixture; - A mixture of 490% v/v concen-

trated sulphuric acid, 20% v/v perchloric acid (70%) and 40%

v/v concentrated nitric acid.

Procedure; - Une gram of ground (through 4 mm seive),

oven dried seed sample was takan in 100 ml kjeldhal flask.,

To this, 5 ml of triacid mixture yas added, During digestion,
the sample was kept initially at low temperature followed by
strong heat, until the sample became clear, The digested
sample was made upto 9100 ml volume and monitered through Pye-
Unicam §P=-191 Atomic Absorption Spectrophotometer, To read
out the concentration directly by the instrument, it was

first adjusted and standardised with various concentrations
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of working standards of different minerals.

Then the unknouwn
sample:-

was monitored through the sample spraying device to

98t the concentrations directly on the display,

3¢1e5 Estimation of iodine

The iodine content of leucaena seed yas determined by

the colorimetric method, described by Moxon and Dixon (19860).

Reagents:

a) Potassium carbonate (30% w/v)

b) Zinc sulphate (10% u/v)

c) Potassium thiocyanate (0.023% w/v)

d) Sodium nitrite (2.07% w/v)

e) Ferric ammonium sulphate reagent (7.7% w/v)

in 1€,7% v/v solution of concentrate nitric acid,

Preparation of standard iodid solutions;

a) gtandard iodide solution (4 g/lt)
Exactly 0e5232 9 of potassium iodide, previcusly
dr ied in a dessicator, was dissolved in distilled yater and
made to 100 ml in a volumetric flask,
b) gtandard iodide solution (40 mg/lt)
10 ml of above standard (4 g/1lt) was diluted to

1000 M1, with distilled water in a calibrated flask to gst a

strength of 40 mg/lt,
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c) Standard iodide solution (200 ng/ml)s

5 ml of the above solution (40 mg/1t) was diluted

t " . N
© 1000 ml with distilled yatsr jin a calibrated flask to

t -
get standard solution of gqq ng/lt, Then the solution ywas

Stored in a glass bottle, away from the lightfor about 30

days,

d) Working standard jodide solutions:

Into a series of 59 ml calibratad flasks, 0, 1, 2, 3, 4
and 5 ml of the above standard solutions (200 ng/ml) were

Pipetted and diluted to the mark yith distilled wvater, so that

the flasks contained 4, 8y 12y 1f and 20 ng/iodine per ml,

Procedure:

One gram of oven dried ground leucaena ssed sample
was taken in a silica cracible, To it, 1 ml of potassium
carbonate solution and 91 ml of zinc sulphate solution uere
added and made it in a slurry form with the help of a clean
glass rod, The crucible was kept in hot air oven at 95°C
until dry and placed in a muffle furnace, while covered with
a lid at 550¢ for one hour, To the ashed sample, zinc
sulphate solution was added again and the drying and ashing
procedures were repeated, till the ash became uyhite or grey
in colour. The cooled ash was transferred to a centrifuge

tube containing 30 ml of distilled water and spinned at
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S rpm .
000 rpm for 5 minutaes, Two blank samples were alsoc run

along with
9 the unknown samples, for colorimetric estimation,

4 m .
1l of each working standards, sample, reagent blank solutions

and distilled yater were taksan into test tubes,
tube

To each
» 1 Rl of distilled water, 1 ml of potassium thiocyanate

solution and 2 ml of ferric ammonium sulphate reagent were
added and yere mixed well with the help of vortex mixture,

At exactly 90 ssconds interval, after the addition of farric
ammonium sulphate reagent, { ml of sodium nitrits solution
was added to each tube and again mixed in vortex mixture,
After keeping the samples for 20 minutes at room temparature,
the optical density of the orange coloured solution was

measured at 450 nm, by Spectronic-2Q.

The characteristic of the observation was, more the
concentration of iodine in the solution, lesser would be the

colour development,

Preparation of standard curves:

A linear curve yas plotted from the optical densities,

against the corresponding concentrations of working standard

jodide solutions (Fig. 2)e

Beled Estimation of tannins

The tannin content of leucaena seed was determined by

color imetric method, described by A.0.A.C. (1955) (Fige 3)e
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5e¢16€ Estimation of mimos ine

Th i i
€ mimosine contant of the Leucasna leucocephala

seed :
was estimated by the method of Matsumoto and Sherman
(1951 ).

Reagentsg;

a) 0.1 N hydrochloric acid
b) 005% ferric chloride in Qe1 N hydrochloric acid
c) activated charcoal

Preparation of standard mimosine soluticnss:

Exactly 0.02615 g of pure mimosine was dissolved
in 0e1 N hydrochloric acid in a 25 ml volumetric flask,

and made the volume with Qe1 N hydrochleric acid,
Procedures

1,25 g of dried leucaena seed poyder was taken
in a 250 ml beaker and refluxed at 100°C with 100 ml of
0.1 N hydrochloric acid for 9 hour with frequent shaking,
The extract, thus, produced was transferred to a 250 ml
calibrated flask and made the volume with Qe1 N hydrochleric
acid., 10 ml of the supernatant liquid of the above extract
was taken in a 150 ml beaker containing 30 mg of activated

charcoal and made the volume approximately 25 ml with
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distilled
water, The beaker yas covered with a round bottom

flask in i
containing cold yater and the liquid was refluxed for

15 mlinutes on hot Plate. The material was alloued to cool

and i
then filtered through tyo layers of Yhatman filter paper

No. 41 into a 100 ml volumetric flask, The filter paper wuas

washed with 10 ml of ge1 N hydrochleric acid in three pertions,

followed by distilled water, for colorimetric estimation

4 ml of ferric chloride solution was added to the flask and

made the volume uwith distilled yater. The 0D was read by

Spectronic-2(0 at 535 muo

Preparation of standard curve;

0.5 ml of the mimosine standard solution was taken in a
100 m1 volumetric flask, To it, 10 ml of Qe1 N hydrochleric
acid and 4 ml of ferric chloric acid solution were added and
made the volume with distilled water. The 0D was measured
at 535 mu. This procedure was repeated taking 1, 2, 3, 4 and
5 ml of the standard mimosine solution, & linear curve was

drayn by plotting the 0D values against the concentrations

(Fig. 4)0

3,1.7 Growth studies__

3e1e701 selection_of animals

Seven growing male goats (Alpine X Beetal) of about §

months of age anu the body weights ranging from 13 to 20 kg
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were selected from the herd maintained at the National

Vairy Research Instdtute, Karnal,

3¢1+742 Housing of animals

All the animals were housad in individual pens.

The space in the pen yas sufficient to provide them consi-

derable liberty in movement. The animals yere kept loose

for one hour in the morning, just before offering them water,

in order to provide them exercise through natural movement,

3¢14763 Feeding of animals

The animals yere fed on concentrate mixture and

wheat straw ad lib, as per NRC (1981). The composition

of the concentrate mixture is given belowus

Ingredients Percent CP TON

® )
Leucaena seed 73 190349 59,74
Dat 15 1035 1155
Wheat bran 9 1.08 5.85
Mineral mixture 2 - -
salt 1 - -

Total 100 21779 TT7e14




a1
Leucaena seed yas found to provide 88,84 percent
of total crude protein supplied through concentrate mixture,
The residues left after 24 hours, either from the concentrate
or from the wheat stray were collected and we ighed daily at
900 am, The concentrate mixture yas given once a day at 9,30 ap
and yheat stray at 2.30 pm, Clean yater yas offered twice a

day at 9,00 am and 2,00 pm. The vitamin A requirements were

fulfilled by giving Vitablend in o0il as per NRC (1981 )

3.10704 MWeighing of animals

Body we ights of the animals were taken at the
commencement of the experiment and then at weekly intervals,
Weighing was done in morming, before offering feed and

water.

3.1+7¢5 Measurement of growth

As a measurement of growth a regression value (bxy)
was calculated between the intervals of week and the
corresponding body weights of each animal, Feed conversion
efficiency was also estimated by considering the amount of dry

matter and DCP intake per unit gain in body weight,
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3.2 Nutritive value of Leucaena_ leucocephala seed
and i1ts influence on the digestibility of
Var lous nutricnts i

302e1 22 lection of animals

Ten crossbred goats (Alpine x Beetal) of about 8
months of age were selected from the herd maintained at

National Dairy Research Institute, karnal. The animals

were divided randomly into two groups 1 and 2 of five

animals in each, The average body weights in two groups

were kept similar, The list of the animals with their

respective body weights are given belows

Animal Body weight Mean body
No, (kg) weight (kg)
Group 1
527 238
532 1400 .
5 36 17 0 17040
539 1€40
544 1€ .€
Group II
528 170
529 17«1
531 1801 17 0 44
530 17.6

541 174
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34202 Feeding of animals

The animals in both the groups .were fed on concen-

trate mixture and yheat stray as per NRC (1981). In

group 1, the animals yere fed on a concentrate mixture in
which 50 percent of the crude protein was supplied through
leucaena seed (Ration 1), wyhereas in group 2, leucaena seed
supplied 100 percent of the crude protein (Ration 2). The

composition of the tyo rations is given belowus

Ingredients Propor- CcP TON
tion % %
Ratiogbl
Leucaena seed 49 12,99 40.10
Linseed cake 34 1122 24,48
Oat 7 0.63 5¢32
Wheat bran 7 Q.84 4,55
Mineral mixture 2 - -
Jalt 1 - -
Total 100 25.€8 74.52
Ration 2
Leucaena seed o7 25.72 7938
Minaral mixture b4 - -
gSalt 1 -

Total 100 25,72 79038
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C . .
lean water and vitamins were offered in the same yay,

as described earlier under 3¢16793

3e2e3 Metabolic trial

After an adaptation period of 21 days a matabolic
trial of 7 days duration uwas conducted, During this period the
feed and water intake of animals wers recorded daily, Throughout
the trial, the animals yers kept individually on iron cots,
about ome and half feet above the ground level to avoid ths
chan€es of any contamination, The movement of the animal
was restricted by keeping the head anteriorly amd the right
hind leg, postsriorly with iron chain and cotton rope
respectively, The space for each animal was kept sufficient

to 3ake the fezed with minimum hazards,

3,204 Collection and sampling of faeces and urine

3.2¢4.1 Faecces

At the end of the 24 hours, the total faeces voided
out by each animal was weighed, thoroughly mixed and a
representative sample as homogeneous as possible was taksan
and packed tightly in wide mouth air tight bottle for each
animal separately, After being brought to the laboratery the
upper layer of the sample was removed and than ;/2oth part

of the total dung voided by each animal was weighed in a petri
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dish, h
The samples were dried in hot air oven at 100+ 2°C for

overni ;
ight to estimate the dry matter, After the end of the

tria :
1, the total Pooled dried aliquot yas powdered for further

Chemical analysis, Fresh aliquot (1/20th of total faecss

voided) was weighed in a watch glass and about 10~15 ml of 25
Percent sulphuric acid yas added to it, to make the aliquot
into a slurry and finally transferred to a pre-weighed plastic
container, The process was repeated for 7 days, until the
pooled samples were mixed thoroughly and the compositz sample

for each animal (20 g of aliquot) was taken into kjeldahlts

flask for estimating nitrogen,
3.24402 Uring

At the time of collection period, funnel type urine
Collection bags (about €w diamester ) for male goats wers fitted
in the region of pelvis, including the posterior part of the
abdomen, with the help of cotton strips, Ths wurine vas
collected in plastic cans separately for the individual animal,
The total urine collected, during 24 hours in the respective
cans, yas measured in terms of volume with the help of measuring
cylinder, A homogensous sample was collected for each animal
in a glass bottle, properly labelled and tightly corkad, In
laboratory, an aliquot sample, equal to 1/50th of the total
volume was pipetted from each sample and preserved in kjeldahlt's

flask, containing 25 ml of concentrated sulphuric acid, for the



4€

estimati i
tion of nitrogen, The same amount of aliguot for each

an i ;
thal was also collected in a plastic bottle, and kept in a

refrigerator for mineral amalysis,

For preparing the HC1 extract, 25 ml of pooled aliquot
of urine was taken in a Crucible and dried it overnight at
o
€0+ 5°C and ashed at 300 -350°C for 3-4 hours., About 10 ml

of pooled aliquot of urine was also used in preparing the acid

extract for estimating mimosine,

3e2e5 Methods for chemical analysis

Same as described under 3.1,

3e3 Effect of feeding Leucasna leucoczphala seed
on plasma thyroxine levels and thyroxine
secretion rate in goats

3:301 Seldction of animals

Ten crossbred goats (Alpine x Beetal) of about 8
months of age were selected from the herd maintained at the
National Dairy Research Institute, Karnal, The animals
were randomly divided into three groups 1, 2 and 3. Group 1
having two animals served as control, whereas the groups 2 and

3 had four animals in each, The body weights of animals ranged

from 12.6 to 21.6 kg.
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3¢3¢2 Housing of animals

Same as described under 31762

30303 feeding of animals

The control animals of group 1 were fed a normal
concentrate mixture (Ration 1) The animals of groups 2 and
3 were fed on rations II and III in yhich 5p and 100 percent
of total crude protein content of the €oncentrate mixture
was supplied through lsucaena seed, respectively. Adll the
animals yere fed ,Onn concentrate mixture and wheat straw

ad lib.as per NRC (1981) for a period of 45 days, The

composition of the concentrate mixture is given belous

Ingredients Percent cpP TON

Ration-1 j\Control)

Linseed cake €9 22 .77 49,€8
Oat 15 1035 1155
Jheat bran 13 156 8a4b
Mineral mixture 2 - -
Salt | - o

Total 100 25.68 € 9,68
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Ingredients Percant (o] TDN
% %
Ration-ll
Leucaesna sged 49 12.99 40410
Linseed cake 34 1122 24,48
Oat 7 0463 5439
Wheat bran 7 De84 4,55
Mineral mixture 2 - -
Total 100 254F8 74052
Ration-II1
Leucaena sead 97 25472 7 9038
Mineral mixture 2 - -
Salt 1 o -
Total 100 25672 79038

—— e

Water and vitamins wyere offersd to the animals

in the same manner, as described under 3.,1.7.3s

3.344 Collection of blood samplas

Blood samples of all the animals were collectad from
the jugular vein in heparinized tubes, using sterilized shapp
needles., To estimate the thyroxine (T,) level in plasma

about 10 ml of blood was collected from each animal, at every

10 days interval for a periocd of 40 days, During estimating
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h -
thyroxine secretion rate (TSR) the blood samples were

Cc
OlleCted at 24) 48, 72 and 9€ hours intervals after injecting

labelled L-thyroxine to the goats,

3e3eb Preparation of plasma sample

Plasma samples were obtained after centrifuging
the blood samples, under refrigerated conditions at S000 rpm
for 30 minutes and stored at 4°C till analyssd for thyroxine
(Tg)levels. To estimate thyroxine secretion rate (TSR), 2 ml
of plasma of sach animal, collected after injecting labeled

L-thyroxine, was subjected to gamma-counter (Solid-Scintillating

Counter, Packard),

3¢3.€ Estimation of plasma thyroxine level (T,)

Plasma thyroxine (PT) level was estimated by Radio
Immuno Assay through a kit supplied by 3 .4.R.(C. Sombay

(Fige 5)e

3037 Estimation of thyroxine secretion rate (TSR)
in plasma

The thyroxine secretion rate (TSR) was estimated by

the method of Yousef and Johnson (1967).

3,3.7¢1 Petermination of k (Disappearance rate of
labe led thyroiina)

1125 jabeled L-thyroxine (45 pc./ml) was injected in the

jugular vein of each animal, The injection s€hedules are given

belows
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:gfmal Vol, of (ml) Dose injected
labelaq (pe.)
?hxxox;ne
in jected
1 Group 1 100 45
2 100 45
3 Group 2 15 6{:5
4 105 €745
5 1e5 €748
€ 1.8 €7.8
! Group 3 145 s
8 165 €75
9 15 €745
10 140 4540

Simultaneously, Qe1 M1 (445 pc.) of the 1129
labeled L-thyroxine was diluted to 5 ml with 5p percent
propylene glycol solution, This was used as a standard to

express the counts as a percentage of dose administered,

After injecting T4 1125, blocd samples were drayn at 24, 48,
72 and 9€ hours. The radioactivity of the 2 ml plasma and
standard yere measured in a well type gamma scintillator
crystal detector, The results of the counis were plotted on a
semilogarithnic coordinate system (Ordinate Iogarithmic) with
hours after injection of T, 1125 as the abscissa and the

activity as a percentage of the dose administered per litre
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of ;
plasma as the ordinate (Fig, €)s The rectilinear part

of
the curve yas extrapolated to time tzero' and 100 hour

ost inj i i
p injection. The T,-1125 djsappearance rate (K) was

Calculated from the linear curve using the equation
k = %o = 4100

e e e e -

100
in which A; is the natural ligarithm of 112% activity and
Zero time and “100 is the natural logarithm of I12%5
activity at 900 hour post injection,

3.3.742 Determination of labeled thyroxine
distribution_space (1D3) o

When the rectilinear curve yas used for estimating
'h! yas extrapolated to time fzerot', the concentration of
T4-1125 administered could be obtained at time tzerot*, 0n the
assumption that the distribution of 14-1125 was uniform in
this space, its volume was calculated by the follouwing

equations

DS i8¢
¥ Tadio activity/lt. as a percent of dose

administered,

3.3.7¢3 Determination of thyroxine secretion
rate (1oR)

The TSR per day was calculated as the product of
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TDS (1t.) x K/day x PT (mg/1t.). The values obtained in

mg/100 kg body weight per day, A sehematic diagram of the

me thod is given in Fig, 7.

3.4 gtatistical analysis

'
After processing the data, the statistical analysis

was done by the method of Snedecor and Cochran (18€8).
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4 RESULTS_AND DISCUSSION

The suitability of Leucaena leucocephala seed as an

animal feed has been investigated in the present study, The
Tesults of different experiments conducted on growth rate,
digestibility and balances of different nutrients and

thyroxine secretion rate in goats have been summarized and

discussed belows

4.1 Chemical composition_of Leucaena_ leucocephala
seed and effects of its feedlng on_growth rate
1n goats

4.2,4’ Proximate composition of leucaeng seed

The chemical composition of seed fed to the experi-
mental animals has been given in Table 1. The leucaena seed
contained 91.29, 2€6+52, €.80, €«08, 55.98, 4.€2, 0e13, 0028
and Q.38 percent of DM, CP, EE, CF, NFE, total ash, acid
insocluble ash, calcium and phosphorus,-respectiuely. From the
results, it was found that leucaena seed contained a géod amount
of crude protein as reported earlier also (Adeneye, 1979;
Anonymous, 1980~1981; and Akbar, 1983). Except for the
ether extract content, which seemad to be low in leucasna seed,
it was quite comparable with other conventional seeds like

cotton seed and linseed as far as protein and other nutrients

were concerned (Sen et al., 1978). The leucaena seed also
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contained
8d about 5 percent of total ash which reflacted a good

so :
urce of minerals because it had only 0o13 percent of silica,

The calcium content seemed to be less in leucasna than
the phosphorus but it yas quite close to the ratio of 4939 of
calcium to phosphorus as required by the ruminants, However, a
higher figure of (.44 to 45¢ percent of calcium in leucaena
seed and similar amount of phosphorus has been reported earlier
(Anonymous, 1980-81). The little differencas in chemical
composition may be attributed to the types of plant, agro-

climatic conditions, and also to the stage of harvesting

(Singh and Mudgal, 19€67).

4,12 Micromineral composition of seed

The L. leucocephala seeds contained 17, 142, 53, 18

and Q.18 ppm of Cu, Fe,Zn, Mn and iodine, respectively. In
general, the leucaena seed was found to be adequate in iron and
copper but defficient in zin€, manganese and iodine content

as far as nutritional requirements of livestock wers concerned,
Contrary to the present findings, Akbar (1983 ) reported higher
figures for copper, iron and manganase contsnis of seed,
whereas zinc content yas similar, However, the iodine

content of seed was higher than that of lsaves (Jones,

1979 )e
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4.1+3 Tannins

The tananin content of leucaena seed was 11.80 mg/g

(1018 percent) as given in Table-1. It was slightly higher

than the tannin content of leaves, reportsd as 10,15 mg/g
(Jones, 1979) and 7,33, 10,33 and 10.2€ mg/g for k-8, k-28
and Australian varieties of leucasna (Akbar, 1883)s However,
from these data, it could not be infarred that tannin content
of leucaena seed was higher than that of leaves, since

higher values of 12,6€ and 14,90 mg tannins per g of leaf

have been reportsd in Hayaian giant and Hissar varieties,

respectively (Akbar, 1983 ).

4e1e4 Mimos ine

The mimosine content of leucaesna seed was 3,61
percent (Table 1). S$imilarly, about 4-5 percent of mimosine
has been reported by Jones (1979) in seed, However, the
present figure for mimosine content was found to be higher
than leaves (Sobale et al,, 1978). The observations uwere
contrary to that of Brewbaker gnd kaye (1981) and Akbar
(1983) who reportad a much higher value of mimosine (5.04 -
944 percent ) in leucaena seed, The mimosine contenti varies
within the different parts of the plant and it has been
found that seed contained a lesser amount as compared to

other growing parts of leucaesna plant (Jones, 1979;

Brewbaker and kaye, 1981}



Table 1

Percent chemical composition of Leucaena leucocephala

seed (on dry matter basis)
Dry matter 91029
drganic matter 95038
Crude protein 2€ 452
Ether extract €480
Crude fibre €08
Nitrogen fFree Extract 55,98
Ash 462
Acid Insoluble Ash 0213
Calcium 0028
Phosphorus 0938
Tannin 1018
Mimosine 3#€1
Irace mineral contant of Leucaena se2d(ppm)
Manganese 18
Copper 17
lron 182
Zinc ke

lodine 0a18
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4,105 Gain in body weights

The data for avera
) F19.8)
in Table g2,
A

ge body weight gain are presented

55487 # 4,27 g of daily average gain in body weight

was recorded in goats, 3ut James (1978) observed a lesser

gain (2€.2 g/day) in body weight in goats f=d on leucazna

lecaves/twigs, Gupta et al, (1983) also reportsd a sharp
Teduction in growth rate of sheep fed on leucaena hay as a

sole ration,

Thomas and Addy (1977 ) replaced 20 percent of concen-
trate mixture with leucaena leaf mesal and obtained a growth
rate in fattening steers, which yas quite similar to the
groundnut cake feeding. Mudgal and Kaur (197€) reported a
higher growth rate (0e€77 + 0017 kg per week) in A& x B male
goats fed on well balanced concentrate mixtures along with

bextseem/lucarne,

The rate of gain in weight under tha present investi-
gations, indicated a superior gain in weight over 25,8 = 390,
49,0€ + 2.7 and 40 g per day (Singhal, 1978; 3=ngar, 1979;
and kishan 2t al,, 1982) in goats f=d on conventional concen-
trate mixture and oat hay/wheat straw., These present figures
are in agreement with those of Saucedo et al. (1981 )»

Wahyuni et al. (1982) , Akbar (1983) and Kurar gt al. (1984)
who observed a higher gain in weight in animals fed on leucaena

as a partial protein supplement in comparison to the animals



Table 2

Weskly body weights (kg) of animals fed on Leucaena lesucocephala seed

agfmal Zero 1st 2nd 3rd 4th 5th €th 7th gth oth 1oth I7th
527 2040 20+6 206 21 .6 2248 23.0 234€ Rde4 2348 2441 2402 2445
529 138 14.5 150 152 15.F 15.8 1€ o8 170 17 o1 181 18e2 1895
530 135 14.2 15.0 1540 152 1542 15e5 1€.8 17o€ 18a4 18o€ 1846
53€ 13.€ 14.0 14.8 1542 15.4 154€ 1€41 1€,5 1740 1704 17F 17T
541 1302 13.€ 14.2 1540 15,2 15.8 1€02 1€45 1704 17 «€ 1748 1840
531 14,5 155 170 174 17 € 18¢1 1881 1704 1801 1804 184€ 189
544 142 1508 1448 1448 14a€ 1408 154€ 1€.1 1€.€ 1740 172 1702
Mean+ 14.€8 15.46 15091 1€031 1€46 3 1€.9 17 041 17081 18423 18,71 18+ 8€ 19405
s€E 2 * * * * * E: 2 * * * '
D«90 D¢91 DeB4 0.94 00 1.09 109 1.08 1011 0e 94 0¢ 92 0e 91 Ve 93
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faed on control ration,

However, a bit higher growth rate of 80 and 77 g/day uas

Teported in A x 8 male goats of 4 and € months of age

Tespectively, fa=d on concentrate mixture and green fodder

2d 1lib, (Nagpal, 1983)., A still higher grouth rate of about
150 g/day has been recorded in 4 x 8 male goats, raissd on
green fodder and concentrate mixture, under the loose housing
and group feeding system at NDRI farm (Chawla et al., 1981).
Such a difference in grouth rate may be attributed to ad lib,

Supply of green fodder and a lot of exercise done by the

animals under loose system of housing,

4.1.€F Dry _matter intaks

The values for daily dry mattar intake per 4100 kg body
weight and per kg of metabolic body size (u0'75), were
3418+ 009 kg and 64,59+ 114 g (Table 3), respectively., A
similar value of dry mattar intake (3.9 kg/100 kg body weight/
day ) w@s recorded in goats fed on leucaszna soft tuwigs (James,
1978 ). Howzver, fMudgal and haur (1976) indicated a highar value
of 76,09+ 200 g/u°‘75 kg/day in A x B crossbred males goats
fad on concentrate and legumas, The higher intaks may
probably be due to ad lib, feeding of grsen fodder, The
present findings are in agreement with those of Singhal (1978),

sengar (1979) and hishan et al, (1982), who observed 3.43, 3.44

—



Table 3

-

Feed utilization and growth data of goats
fed on leucaesna

Particulars

Body weight (kg)

Initial body weight 14.€8 x 0+90

0a391 % 0s03

Final body weight
Gain in body weight (bxy per wezk)

Gain in body weight (g/day) 55,87 + 4427

Feed intake (g DM/day)

Concentrate mixture (73% Leucaena seed) 33946831 €407

Wheat straw 201a73+ 562

Total LM 541043+ 5429

DM intake (kg/100 kg body ueight) 3,18+ 0009

DM intake (g/kg u°°75) 64,59+ 1014

Nutrient intake (g/day)

LCP 50e50% 107
DM required/unit gain in body weight 10+ 0€ * 0486

OCP required/unit gain in body weight Qe 946 * 0208
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and 3,34 kg of dry matter intake per day per 100 kg body
weight Iespectively, in growing goats fed on concentrate and
wheat stray, 1t yas apparent from the above studies that the
leucaena seed, present in the concentrate mixture did not have

any ill effzct on total dry matter consumption of goats,

4,17 Feed/gain ratio

The values of feed utilization are presented in
Table 3, The daily dry matter consumption per unit gain in
body weight was 10s0f + 0.8€. Kishan et al, (1982) reported
a similar value of 10,01 in goats fed on concentrate and yheat
stray, It was evident from table 3 that for 55.87 + 4,27 g
of gain in weight per day, animals required 50450# 1.07 g of
DCP and 3€(0.44+ 3,59 g of TDN. However, 3$inghal (1978}
reported a higher value for feed:gain ratio of 13.€ in
kids getting 78 g DCP and 399 g of TDN and showed a grouwth
rate of 39 g/day. It seems that leucaena seed proved betier
than the conventional concentrate mixture. The present
findings conform with those of Semgar (1979), who observed
similar feed gain ratio of 11.76 % 0s29, in crossbred kids

receiving 46 g DCP per day and grouing at the rate of 49 a/day,

kishan et ale (1982) reported higher value

(FEe1 + 1015) of DCP intake in crossbred goats grouwing at the
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Tate of 41.0 g/day. However, Jones (1979} and Wahyuni et al,

(1982) observed a reduction in body weight and less dry matter
intake in steers and Crossbred cattle reared on a high
Proportion of leucaena (8p and 1pp percent), It was esvident
from the above studies that leucaena did not have any advarse
effect on the dry matter intake and growth rate in male goats,
- These findings corroborate with those of kraneveld and
Djaenoedin (1947) who indicated that leucaena did not cause
any toxicity in goats, Another suppositiocn could also be
attributed to the fact that the tannins present in leucaena
might have shouwn an important role in the protection of
proteins from being degraded in the rumen and, therefore,

he lped in the enhancement of grouth by making the proteins

more available in abomasum (Jones, 1979).

4,18 Toxic symptoms_ in_ growth_ study

A reversible mature of alopecic symptoms yere
observed in one animal, One goat (No, 541) exhibited a
marked loss of hair (Plates q and 2) from the tail, meck and
also from the lumber and thoracic regions, in general,
the hair were less firmly attached to the skin and rubbing
the animal with hand resulted in development of bald spots,
gimilar observations uere also recorded by Kranmeveld and

D jaenoedin (19503 in horses and pigs. The cessation of hair



Alopecia In tall region of goat,
fed on L. leucocephgls seed

Alopecia in different parts of body
of goat fed on L. leucocgphgla seed
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9rowth might be due to inhibition of tyrosine-utilizing enzymes
°T perhaps, incorporation of mimosine into biologically
vital proteins in place of tyrosine (Crounse and Maxwell,
19€8) or mimosine acted like a mitotic inhibitor resulting
in the degeneration of hair follicles (Montegna and Yun,
19€3). However, the Symptoms of hair fall wyere noticed within
15 to 30 days of feeding leucaena, Afteryards, despite
Ccontinued feeding ney hair began to start at 45-5¢ days of
feeding and no case of complete baldness ever occurred
(Kraneveld and Djaenoedin, 1950).- This could be gscribed

to the fact that the reason of moulting might be due to
increased tolerance to leucaena by the animals fed on
leuceena for a prolonged period (Ouwen, 1958) or animals

became conditioned to leucaena, so that no toxic effects

were manifested (Hegarty gt al., 19€4).

4,2 Chemical composition of feed ingredients

The chemical composition of Rations 4 and 2 and
wheat stray is presented in Table 4. It was evident from
the table 4 that both the rations had almost similar crude
protein content and, thus, were isonitrogenous. The ration 1
contained a bit lower EE and a little higher content of Cf,
total ash and iodine than those of ration-g. However, the

mimos ine content in ration-2 was almost double the amount

present in ration 1.
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Chemical Composition of feeds offsrad
(on dry matter basi;)

B - Ration-T Ration-11 UhEat
50% CP 100% CP stray
through through
Leucaena Leucaena
seed seed
Dry matter (%) 981 € 98,30 87a72
Urganic matter () 21422 93,02 91481
Crude protein (%) 25440 25458 3+ 36
Ether Extract (%) €s70 7465 1<42
Crude Fibre (%) Be78 Fad7 40+04
Nitrogen Free Extract 50433 53431 4€ , 99
(%)
Total Ash (3) 8478 €458 8419
Acid Insoluble Ash (2) 1.01 0+€3 4450
Calcium (Z) 1e14 Oe88 0elS
Phosphorus (%) 0+€8 0457 0:09
Mimosine (%) 177 3850 .

lodine (ppm) O. 44€ 0«2€8 Oe307
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443 Nutritive value of Leucaena lsucocephala sesed_

and its influence on the digestibility ef
Var ious nutrients

4031 Dry matter intake

The daily average DM ihtake per 100 kg body weight

and per kg metabolic body size (UO‘TS) are presented in Table 5.

The values for DM intake per 100 kg body weight in groups 1

and 2 were 2.F2+ 0e13 and 2,36 + 0,08 kg per day respectively.

The figures for daily DM intake per Kkg woe7S yere 55.11 % 197 g

in group 1 and 49,55+ 1,9 g in group 2.

4,3,2 Digestibility of different nutrients

4430201 Dry matter digestibility

The values for digestibility of dry matter are
presented in Table 5, The average percent D digestibilities
in groups 1 and 2 were €4,.35#* 0.64 and 70s71 * 2466 respectively.
No significant differences were observed between the twe groups,
though apparently the group 2 with higher level of leucaena,
showed a little improvement in DM digestibility over group 1.
The digestibility figures in group 2 fed solely on leucasna seeds
were in agreement with those of Upadhyaya et al. (1974)
who reported almost similar figure of 71.3€ percent for OM
digestibility in bucks fed on leucaena leaves. \Whereas Singh

and Mudgal (1964), Sobale et al. (1978) and Gupta at ale (1883)
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have reported lower valuaes of 51.05, 60407 and 51444 percent,

respectively for DM digestibility in cattle fed on leucaena

soft twigs/leaves or hay, The DM digestibility in group 2

animals was comparable yith the values of 7134 and 7180+ 109
percent reported by Mudgal and kaur (197€) and kishan et al,
(1982 ), respectively in crossbred goats fed on conventional

concentrate mixtures with legumes/wheat straw, Houwever,

Singhal (1978) and Sengar (1979) reported higher values
(7€405 and 77,81 percent) for DM digestibility in goats fed on
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