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INTRODUCTION



INTRODUCTION

Diet surveys in India have indicated quantitative
inadequacy and qualitative insufficiency in Indian diets.
Though there hag been a steady increase in agricultural pro-
duction, it is insufficient to bridge the gap of calorie and
protein requirements. An additional feature of Indian diet
is the gross deficiency in protective feeds. In this context
the necessity of increasing production of poultry meat and egg
at cheaper cost assumes greater importance. During the last
decade, poultry sector in India has made tremendous progress
through scientific production practices. The total poultry
population in India écCQrding to 1972 census was 137 millions.
The total egg produection in 1976 was estimated to be 9,290
millions and the target for 1979 is 12,000 million eggs (Anon,
19772).

The major cost factor in poultry production is feed,{
accounting for about two=-thirds of +the total cost involved.
The increasing chicken population with its higher production
potential is directly competing with human population for high
quality feeds such as cereals and other ingredients which are
already in short supply. The situation is followed by increas-
ing prices of most of the feed ingredients, resulting in higher

cost of this major input in production.

Pregsently, the availability of common protein sources for

poultry is not encouraging. The prices of groundnut oil cake



and fish meal, the two major conventional sources of protein,
have increased enormously. The groundnut oil cake is being
diverted to other industriea, while fish mealzproduction has
gone down in India. Even trash fish is being largely consumed
by human population. Therefore, it has become necessiary %0

explore newer unconventional feed resources for poultry.

Poultry being one of the most efficient converters of
feed stuffs of low quality into products of'high quality such
as egegs and poultry meat, it is essential to develop rations
for poultry that promote maximum response at leéast cost with-
out competing with the necessities of human dietaries. Formu-
lation of well balanced ration for poultry employing feeds
which are wnfit for human consumption is a recent trend in
pouliry nutrition. To achieve this, ‘many agricultural by-
products and industrial wastes have been tried, which would
not only relieve the pressure on conventional ingredients but

would enable formulation of least-cost rations.

With this objective in mind poultry nutritionists around
the globe have been trying out many alternate sources; which
are cheap, locally available and not in use by other industries

in order to be of value for the purpose intended.

Many alternate ingredients that might meet the protein
requirements of chickens in the place of the conventional items

are available 'in India. Some of these substitutes have been
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shown to replace groundnut cake in poultry rations partially or
completely without affecting growth and production adversely.
Rubber seed meal may be a newer addition to this category of

ingredients, at least in areas where it is available.

In India, rubber (Hevea brasiliensig) is cultivated in an

area of 2.18 lakh hectares (Anon, 1976a), out of which 2.02 lakh
hectares are in Kerala (Anon, 1977b). Tempaﬁf (1947 ) reported
that one ton of rubber séed could be obtained from 10-15 acres
of rubber plaﬁtatioh.l In Kerala, it appears that one tonne of
rubber seced could be collected from four hectares of land undef
rubber cultivation. It is estimated that about 46,965 tonnes of
rubber seed now mostly wasted in Kerala could be utilised ror
producing cake and iﬁeaible.oils, About 11,700 tonnes of oil
could be produced from the seeds in Kerala and its minimum value
would come t0 Rs.4.68 crores. The value of oil cake would :>ome

+0 Rs. 48:9 lakhs (Varghese, 1972).

Azeemoddin and Rao (1962) reported that the average cost
of rubber seed as Rs.300/- per tomne in India. In Kerala, the
cost of rubber seed was estimated at Rs.200/- per tomne (Varghese,

1972 )

Various researches have been reported on the utilisation of
rubber seed meal in large: animals. It has been found that
rubber seed meal could be efficientky'utiliséd in cattle and
swine rations (Pope, 1930;'Dawsdn and Messenger, 1932; Morrison,

1957; George, 1970 and Anon, 1976b). Regarding the utilisation
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of rubber seed meal by chicken, the information available in
the literature is rather scanty, barring a few reports from
Ceylon and Malaysia; work in India with this valuable protein
source is meagre. Therefore, this study was undertaken with
a view t0 assess the feeding worth of rubber seed meal for
laying hens with special reference to the more important
characters like egg production, feed efficiency, body weight

maintensnce, livability and egg quality.
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REVIEW OF LITERATURE

Decorticated rubber seed cake was comparable in nuiritive
value and digestibility with linseed cake and decorticated cotto:

seed cake and hence could be used as a feeding stuff (Anon, 1919,

torrison (1957) reported that rubber seed meal was not
much palatable but gave as good resulis as linseed meal when fed
to milk cows and fattening cattle along wlth other feeds at a

rate of 5 1lbs per animal.

Bredemann (1931) reported that rubber seed products con-
+tained about 0.02 per cenf of hydrocyanic acid and that while
using the same as livestock feed this factor had to be borne in
mind. But George et al. (1932) opined that hydrocyanic acid
content of rubber seed meal (RSM) varied widely and it diminish-
ed rapidly dvring storage. Nadarajah (1969) also made similar
observaitions. Lauw,Tjin Giok et al. (1967) reported a value Of
200 mg of hydrocyanic acid per 100 g of the fresh rubber seed.
Hydrocyanic acid content of 9 mg/100 g of rubber seed cake has
also been reported (Anon, 1976b).

Pope (1930) conducted comparative feeding tests in cows
using rubber seed meal and linseed meal and found that rubber
seed meal was better. The use of rubber seed meal as animal
feed could be unwise as poisoning due 40 prussic acid was:a

possible drawback (Anon, 1948). It was suggested that unless



a large part of its oil is extracted, rubber seed cake is nog
likely 4o make a suitable cattle feed (Dawson and lMessenger,
1932 and Sen, 1952). But Bhushan (1958) reported that rubber
seced cake was one of the most digestible cattle feed concen-
trateé available and its nutritional value was egual to that of
linseed cake and that the small amount of prussic acid pfesent-

ed no danger +to livestock.

The composition and nutritive value of kernels of the
seeds of Hevea brasiliensis were investigated by various workers
They reported the proximaite composition on percentage basis
within the following range: crude protein 17.8-28.,8, ether
extract 3.8-49.49, crude fibre 3.8=10, mineral matter 3.1-6.39,
nitrogen free extract 20.7-40.03, calcium 0.86~0.93 and phos-
phorous 0.65-0.71 {Morrison, 1957; Siqueira et al. 1955;
Sankuany et al. 1964; Hyderali, 1970; Bkuvanendran and
Siriwardene, 1970; Siriwardene and Nugara, 1972; Orok and
Bowland, 1974 and Oluyemi et al. 1976). The difference in
composition was attributed o0 methods of processing (Buvanendran

and Siriwardene, 1970).

Amino aecid composition of decorticated rubber seed has
also been reported by many workers. ‘The amino acid content
ranged és follows: Isoleucine 3.1=4.2, ILeucine 6.7-7.1, ?ysinb
3.6=5:4, Phenyl-alanine 3.8-4.8, Tyrosine 2.6-2.8, Cystine
1+4=2.9, Hethionine 1.1-2.2, Threonine 2.8-3.8, Trypitophan
{1e2=1.4, Histidine 2-2.3 and Vallne 6.4=8.0 mg/100 g of protein
(Isuw Tjin Giok et al. 1967, Orok and Bowland, 1974 and Ra;agﬂ”“



and Vohra, 1975).

Fatty acid levels on percentage weight of decorticated
rubber geed were Myristic O.1, Palmatic 8.1, Stearic 10.5,
Arachidic 0.3, Oleic 21.5, Linoleic 37.3, ILinolenic 21.7,
Arachidonie 0.2 and Free fatty acids 7.4 (FAO, 1972).

Vitamin content of 100 g of unireated rubber seed kernels
was thiamine 450 Mg, nicotinic acid 2500 A g and carctene.
250 Mg (Siqueira et al. 1955).

Siriwardene and Nugara (1972) observed the metabolizable
energy value of rubber seed meal as 1788 K cal/kg in poultry
diets. Orok and Bowland in 1974 reported the grossAenergynof
rubber seed meal as 6.5 K cal/g. Oluyemi et al. (1976) reporied
the gross energy of autoclaved and raw rubber seed as 6.99 and
711 K cal/g respectively and that of defatted rubber seed meal
as 4.48 X ecal/g. They also reporied the metabolizable energy
(X cal/g) of whole rubber seed (raw) as 4.96 + 0.29, whole rubber
seed (autoclaved) as 4.58 + 0.16 and defatted rubber seed meal

as 2.46 + 0.37.

Nutritive value of rubber seed meal was evaluated in rat
diets. Rats fed a diet containing 52 per cent of defatied meal
lost weight. When the defatted meal was heated at 100 to 105°C
for two hours and then fed at a level of 50 per cent of the diet,
rats accepted the food, but weight gains were poor (Siqueifa
et al. 1955). Peeding trial carried out in the Nutrition Labo-

ratory of the Kerala Veterinary College and Research Institute



in rats, with a ration containing 29.6 per cent rubber seed
meal replacing 5 per cent of casein in the ration did not bring
about any deleterious effects on the well being of albino rats
as judged by body weight, red cell, haemoglobin and plasma .
protein concentration (Sankumy et al. 1964). Ieuw Tjin Giok
et a2l. (1967) conducted feeding trials with rubber seed protein
using rats. The protein efficiency ratio was 2.3 which compared
well with that of casein. The food intake of rats receiving 10
and 20 per cent rubber- seed protein was almost the same as that

of the casein fed control.

Wair {1969) conducted siudies on the toxic effects of feed-
ing rubber seed (20%) and rubber seed cake (20%) in 4=8 weeks
old White Leghorn chicken, replacing groundnut cake completely
in the ration. In addition,rubber seed oil was also fed orally
+0 birds in one group to study the toxic effects. Weight gain
and haematological values of rubber seed and rubber seed cake
fed groups were comparable with control group. In the rubber
seed 0il fed group, there was progressive increase in weight
during the first 10 weeks and after that there was slight reduct-
ion during the 12th week. There was also progressive reduction

in haemoglobin level and exrythrocyte count.

Buvenendran and Siriwardene (1970) have shown that rubber
seed meal was a satisfactory substitute for coconut cake in
broiler and layer diets im Sri Lanka. In broilers 20 per cent

coconut meal Or rubber seed meal or mixtures of them were given



for seven weeks from two weeks of age. Broilers fed 15 .or

20 per cent rubber seed meal gained more weight than those fed
10 per cent and control. The egg production or feed efficiency
were not signifieantly affected even when the layer dlets ‘con=

tained 25 per cent of rubber seed meal.

Rajaguru and Wettimuny (1971) evaluated the rubber seed
‘meal in broiler ration end also in 12 week old White Leghorn
pullet chicks. They concluded that rubber seed meal could be
fed to0 broilers depending on the source of animal protein supple-
ment useds It was found that rubber seed meal could be used
satisfactorily upto 10 per cent level with meat meal with added
methionine as protein source and upto 20 per cemt with fish meal.
in three month§ 0ld pullets rubber seed meal could' be used upto
40 per cent without affeciing growth and-feed efficiency. When
rubber seed meal in the diet was increased there was reduction
in growth in broilers and growers. Feed intake was also reduced
as the rubber seed meal content inecreased. above 30 per cent level
Feather picking was also observed. On autopsy pale liver was:
noticed. The reason for this adverse effect was attributed to
amino acid imbalance rather than the presence of deleterious

factors.

Rajaguru (1971) reported the effect of feeding mature
chicken with rubber seed meal at the rate of 10, 20, 30 and 40
per cent of ration with added methionine. Results showed that

‘in pullets fed rubber seed meal diets, sexwal maturity was delaye
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by 8«12 days in comparison to the cont;ollgroup, There wag no
effect on egg production. The:e was no statistical differ%nge

in egg weight; but the average weight of the eggs produced?by

4he rubber seed meal fed groups was slightly lower at levé#s of
20 per cent and above. Increasing levels of rubber seed méal
gsignificantly lowered shell thickness, hatchability and the
weights of chicks hathced out (P £ 0,05). I% was also fouﬁd

that the number of infertile eggs produced was significantiy
higher as the levels of rubber seed meal were increased (P};£0.05).
Thig effect on layers was reported to be due to amino acid im-
balance of rubber seed meal that lowered the biological value of
protein in diets and also due t0 an unidentified‘antiferti%ity
A}factor, In case of male birds quality~bf semen was not af%ected
with different levels of rubber seed meal. He concluded that
rubber seed meal shouid not be used in breeder ration and fn

layers it could be used upto 20 per cent only..

Buvanendran (1971) studied the effect of rubber seed meal
on hatchability of hen eggs. Rations containing 10, 20 and 25
per cent of rubber seed meal were given to White Leghorn pullets.
Fertility was not affected in the experimental group. Hatcha=
bility was markedly affected in the treatment groups, the same
was found to decrease with increasing levels -of rubber seed meal
in the ration. The average dep:eésion in hatqhability‘wasjapproxi
mately 11 and 38 per cent in the 10 and 20 per cent rubber seed
meal fed groups, when compared to gontrols, It was also found

that depression in hatchability was affected from the 10th week
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of inclusion of rubber seed meal in the layer diets, which
progressively worsened with time. He concluded that the
depression in hatchability caused by feeding of rubber seed
neal was probably due t0 a toxic factor in the meal since the
hatchability decreased with increasing levels of the meal.
The delsy between the commencement of feeding the rubber seed
meal and depression in hatchability was attributed to the
possibility that the concentration of the toxic factor increased
gradvally in the blood stream but did not reach lethal levels
to the embryo unless the meal had been in the layer diet for
about 5«10 weeks. He opined that the lethal effect on the
chick embryo could also be attributed to the presence of free

fatty acids (FFA) in +the rubber seed meal.
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MATERIALS AND METHODS

A feeding trial of 20 weeks duration was carried out at
the Devartment of Poultry Science, College of Veterinary and
Animal Sciences, Mannuthy to evaluate the feeding worth of
rubber seed meal for caged layers. Thirty-six S.C. White
Leghorn pullets of 20 weeks age constituted the experimental
subjects. All the birds belonged to a single hatch and strain.
At the start of the experiment these birds had attained 30 pewx

cent production.

The birds were leg banded, weighed and rahdomly allotied
to four groups of nine birds each. They were housed in indi-
vidual standard laying cages (Fig. 1). The laying battery was
placed in a well ventilated and well lighted room. Rubber seed
meal incorporated in the experimental diets was anaLyséd for
proximate composition (18I, 1968) and hydrocyanic acid content
(AeOsheCe, 1970) (Table 1). The experimental diets were computed
according to ISI (1968). Each group of birds was assigned at
random with a different experimental diet. Diet I formed the
control diet while dietsII, III and IV contained 10, 15 and 20
per cent of rubber seed meal (Table 2). These diets were also

analysed for proximate composition (Table 2a).

Feed and water were provided ad libitum throughout the
experimental period. Care was taken to keep the feed wastage
minimum, by keeping the feed troughs always half-full. Shell

grit was provided free choice to all the experimehtal birdse.
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Wormal managemental practices were followed for the whole
period of study. The experiment was carried out for a
duration of five 28-day periods.

Table 1. Proximate composition of the rubber seed
meal used in the experiment.

Nutrient Per cent

Dry matter 93.90
Crude protein 26.59
Crude fibre %480
Lther extract 17.56
T.FoEe 45:55
Total ash 6.50
Acid insoluble ash 0:16
Calcium 0.35
Phosphorous 0.62

Hydrocyanic acid (mg) 517

Birds were weighed on the last day of each 28-dey period
and gain or loss in weight recorded to-study the pattern of
body weight maintenance of each group. Feed consumpiion for
each period was recorded to calculate average mean daily feed
congsumption per bird. Daily record of egg production was
maintained. The feed efficiency (Kg 'feed/dozen eggs) of each

group was arrived at using the above data.
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Table 2. Composition of experimental diets.

Ingredvents . |
Maigze 32 35 37 38
Groundnut cake 11 7 4 3
Gingelly oil cake 5 5 5 5
Rice polish 20 20 20 20
Rubber seed meal - 10 15 20
Wheat bran 18 9 5 -
Dried fish 10 10 10 10
Starmin PS’ 2 2 2 2
Shell meal 2 2 2 2

Total 100 100 100 100
Added per 100 kg of diet
Vitablend® &, By & Dy 25 g 25 g 25 g 25 g
Avrofac-24° 125 g 125 g 125 g 125 ¢

1  Starmin PS (Shaw Wallace), the mineral mixture contained
28% calcium, 7% phosphorous, 0.5% iron, 0.008% iodine,
0.013% manganese, 0.005% cobalt, 17¢% sodium chloride and

0.25% fluorine.

Vitablend 4, B, & D (Glaxo ILoboratories (India) Itd.)

contained 40,000 TI. U. of Vitamin A, 25 mg of Vitamin B,
and 6, OOO I.U. of Vitamin D3 Per g respectlvely.

8 g of 'aureomycin' chlortetracycline per kg.

Avrofac-2A supplement (Cyanamid India Limited) contained
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TPable 2a. Proximate c0m€gsition of)the experimenital ratlons.
ercentage

~-Diet I Diet II - Diet III Diet IV

Dry matter 92.50 91.10 91.00 91,00
Crude protein 1510 15:20 15.60 15.70
BEther extract 631 7420 8.10 8.14
Crude fibre 9.69 9.23% 8.46 8.69
NeF.E. 55.97 54.98 53463 55436
Total ash 1293 13639 14+21 12.11
Acid insoluble ash 6451 5476 6432 4.7T0
Calcium 2436 2:61 2.68 257
Total phosphorous 1.06 1.08 0.99 0.87

- - " S s o - S SED B e W e e S - -y - - e e =

During the last day of each 28=day period, three eggs from
each treatment were collected at random and stored in a refri-

gerator for quality studies on the next day.

During the course of the experiment one bird in the group
fed Diet II was found to be a nonlayer. At the end of the third
period, this bird was auntopsied and found t0 be an internal layerx.

Data pertaining to this bird was therefore discarded.

The data collected during the course of this investigation
was subjected to statistical analysis (Snedecor and Cochram,1967).
The economics of feeding rubber seed meal was evaluated based on

the overall performance of birds in the experiment.
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RESULTS



RESULTS

BEgg production

The mean percentage hen-day egg production (Table 3) was
72.88, 77«32, 69.68 and 58.33 for groups fed diet I (control
diet), diet II (containing 10 per cent rubber seed meal), diet
III (containing 15 per cent rubber seed meal)ydiet IV (contain-
ing 20 per cent rubber seed meal) respectively. Statistical
analysis of the data (Table 12) showed significant differences
in mean egg production among treatment groups (P / 0.05). How-
ever, groups fed diets I, II and III had comparable egg product-
ion as the differences between these were not statistically
sigunificant. Birds receiving diet IV laid significantly lesser
number of eggs during the experimental period than the groups
fed diet I and diet II. Neverthless, mean egg production between

groups fed diets III and IV did not differ significantly.
Feed coOnsumption

Data on mean daily feed consumption is presented in the
table 4. Statistical analysis of the data showed significant
differences (P / 0.01) among treatments (Table 12). There was
no significant differences in feed intake between groups fed
diet I and diet II, whereas diet III and diet IV were signifi-
cantly different from diets I and II in this regard. There was
no significant difference: between groups III and IV in respect

of this parameter. Average feed consumption of birds in different
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periods also differed significantly (P / 0.01). Feed intake
of birds during the first three periods was lower than that of
periods 4 and 5 and differed significantly. However, the
differences in feed consumption among the first three periods

and between the last two periods did not differ significantly.
Feed efficiency

Data on feed efficiency is presented in table 5. Statis-
tical analysis revealed no significant differences among breat-
ments though the gfoup fed diet IIT appeared to be superibr to
otheér groups in feed conversion efficiency. However, the diffe-
rences in méan feed efficdiency of the experimental groups period-
wise were statistically significant (P / 0,01). The feed effi-
ciency observed during the second period was the highest and
differed from that registered during the third, fourth and fifth
periods, while the difference in feed efficiency between the
periods 1 and 2 was not statistically significant. Feed efficiency
observed during the first period was alsb significantly higher
than that recorded during the fourth énd fifth periods. Similarly
feed efficiency observed during third period was found o be
significantly more when compared to that during the fifth period
(» / 0401)s Thé values in feed efficiency during periods 4 and 5
also showed significéntrdifférénces. Feed efficiency of birds
during the fifth period was significantly less when compared to
other periods (Table 12). |
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Body weight o | o |

Average body weight of birds for the 5 periods are given
in table 6. Birds fed diet II meintained better_body,weig%t'
than the other groups, but this difference was not statistically
significant (Table 11). In fact, there were no significan# diffe-
rences in body weight of bir&s among the different treatmeﬂte as

well as periods.
Ege weight

Average egg weight for various dietary treatments are shown
in table 7. Mean wéight of eggs laid by birds in the- control
group.differed significantly (P / 0.01) from that of the treatment
groups. The best egg weight was recorded for the control group
(diet I), while mean egg weights of birds fed experimental diets
did not differ significantly. The egg weight registered by the
birds on diet II, diet III and diet IV was lower. However, these
treatments did not differ significantly among themselves. The
differences in mean egg weight among periods were statistically
significant (P / 0.01). Lowest egg weights were recorded during
‘the first period. Egg weight progressively increased upio the
fifth period. The differences in egg weight among periods 1, 3,

4 and 5 were statisticalxy significant. Similarly, egg weights
during the second period differed significantly from that of

4th and 5th periods; likewise the eggé laid during the third period
were significantly lower in weight than those of +the fifth period.

However, the differences in mean egg weights between periods 4 and
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5 were. comparable (Table 13).
Internal egg quality

Mean values of per cent albumen, per cent yolk and per
cent shell are separately shown in tables 8, 9 and 10. Statis-
tical analysis of the data on per cent albumen (Table 13) showed
no significent differences duwe to diets, but the differences
among periods wers significant (P / 0.01). Eggs laid by the
experimental birds during the first and second periods had
significantly more per cent albumen than the rest of the experi-
mental periods. However, there was no significant difference

in per cent albumen among eggs laid during periods 3, 4 and 5.

Statistical analysis of the data on per cent yolk after
angular transformation is presented in table 13. Per cent yolk
was found comparable in the different dietary treatments, but
there were significant difference among periods in per ceni yolk.
Per cent yolk in periods 1 and 2 was significantly less when
compared to periods 3, 4 and 5. The differences observed among

periods 3, 4 and. 5 were not found to be significant.

No abnormal yolk or albumen conditions were observed and
yolk colour was more or less uniform in eggs studied from all

groups.

Statistical analysis of the data on per cent shell of
random eggs studied is presented in table 13, after angular

transformation. The analysis showed that the group fed diet I



20

had lower per cent shell than the groups fed diets II, IIT

and IV. These differences were found to be significant.(P £0.01).
Group fed diet II differed significantly from group fed diet III
with regard to this trait. Neverthless, there were no signifi-

cant differences in per cent shell of eggs among periods.
Bconomic aspect of wsing rubber seed meal

Cost of feed per dozen eggs produced was worked out and
presented in table 14. Cogt of feed per dozen eggs was b 2.54,
Bs 2430, s 2.13 and Bk 2.52 for diets I, II, III and IV respect=-

ively.
Mortality

One bird died during the entire experimental period - This

belonged to the control group.



Table 3.

Hen-day egg production (per cent) as influenced by the different diets.

Diet First period Second period Third period Fourth period Fifth period Mean for-diete .

1

, :

3

4

Mean for
periods

Means carrying at least one similar superscript do not differ significantly (P [ 0.05)
C.D. fOr die‘tS = 12.04

71443 76.98
61416 83.48
71483 82.54
71403 71443
68,86 78.612

7579 72«32 67 .86
82.14 83.04 7679
69.84 7% 44 50,79
50.79 48.01 50,40
69.642 69.20% 61.46>

72..88°
77.32P
69.68°%

584332

scail |

L2



Table 4. Mean daily feed consumption (g) as influenced by different dietary

treatmentse.

- - - - — L " oy o - W ) G G e S

o = o - = T ———

Diet First pericd Second period Third period Fourth period Fifth period Mean for diets

1 119 107 126
2 114 111 126
3 107 100 109
4 116 91 96

Mean for a P  aas8
periods 114 102 114

146

149

130

101

1320

161 132
161 132%
111 111P
121 105°
1395 ---------------------

Means carrying at least one similar superscript do not differ significantly.

C.D. for diets = 15.58
C.D. for periods =17.43

x4



Table 5. Feed efficiency (kg feed/dozen eggs) as influenced
by the different diets.

Diet First period Second period Third pericd Fourth period Tifth period  Mean for diets.

1 1.99 1467 | 2,00 2,42 2,85 2,192
2 2,273 1.60 1485 2,15 2,52 2,072
3 1.79 1.46 4.87 2,13 2,62 1.97%
4 1.96 1.53 2.70 2.83 2,89 2.38%
Mean for e el be b a

reorods. 1499 1.57 2,14 2,38 2,72

- an - - T cm o o o= - o o - - . ey P s - 3 -—— - e =y - i — > ey -

Means carrying at least one similar superscript do not differ significantly (P [ 0.01)
C.D. for periods = 0,331

¢e



Table 6. Body weight maintenance of pullets (g) as influenced
by the different diets.

Average Gain/loss in body weight Average |
Diet iNnitial  —emee——————————————————— ———— ——— final Mgigtgor
body First  Second Third Fourth Fifth body
welght period period period period . period weight
1 13%0 =50 =30 20 30 -30 1230 202
2 1260 60 -10 =10 30 40 1370 222
3 1350 -20 =70 60 10 =90 1240 -222
4 1270 50 -130 -40 10 40 1200 -142
Mean for 4303 102 -5602 -25% 202 -102 1260

Periods

Means carrying at least one similar superscript do not differ significantly (P [ 0.05).

V2



rable 7. Average egg weight'(g)“as influenced by the different
' experimental diets.

Diet First period Second period Third period Fourth period Fifth period Mean for diets
1 44.18 48.07 50.23 52 .60 5414 49,842
2 45,80 46.36 46.15 47.50 48.91 46«54
3 43460 43 .86 48.31 48453 47493 46 ¢45P
4 4431 43,72 44..76 47.83 4845 5.83°
Mean for , a ] a . b : be aC
peri.ods 43097 45.50 47 '36 4-9 012 49 38 |

Meane earrying at least one similar superseript do not differ significantly (r £ 0.01)
C.Ds for diets 191
CeDe for periods = 2.14

@
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Table 8.

Per cent albumen as influenced by the experimental diets.

Fifth period

Yean for .diets

Diet First period Second period Third period Fourth period

1 64.00 63.20 64,00 62.80

2 6350 62.80 60.80 53460

3 6%.80 62.00 59.60 60.00

4 63 .40 6%.10 59.70 61.60
Mean for -8 a b b
periods 63.62 62.T7 61.02 61.00

59+ 00 62..60%
59,60 61.22%
59480 61.04%
64.80 61.922
60,057

Rt 2 D 0 Gl EXR S R GEA S0 I8 D 6B 625 Wt S

LT -

Means carrying at least one similar superseript do not differ significantly (? / 0.01)
Ce.D. for periods = 1.83
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Table 9. Per cent yolk as influenced by the experimental diets.

- - e - - o D Y T Y e S G T D G W P T gt S Y D G Ottt S D S G S i S S i S S P,

Diet First period  Second period Third period Fourth period Fifth period Mean for diets

1 26450 25,80 26.00 26.90 29,80 27.,00%
2 25,90 26 .60 28440 29,10 29,50 27.86
3 25,40 26 .40 29,50 28,40 28,50 27.58%
4 25.80 25.90 29,20 27.00 27 .20 27,022
YMean for a a b b D
poriods 25,82 26.17 28.28 27.85 | 28,70

Means carrying at least one similar superseript do not differ significantly (¥ [ 0.,01)
C.D. for periods = 1.05

Le



Table 10. Per cent shell as influenced by the experimental diets.

s ann wan s selt W

Diet First period Second period Third periocd Fourth period Fifth period  lean for diets
1 9,450 11,00 10.00 10.30 11420 104402

2 104,80 10.60 10.80 11.30 11410 10.92P

3 11410 11,60 10.90 11.60 11.70 11.38°

4 10,80 11.00 11.10 1440 11,00 11.06°
Mean for -1 a ~8 a oy e &

periods 10455 11.05 10,70 11.15 11325

Means carrying at least one similar guperseript do not differ significantly (P [ 0.01).

CeDe for diets = 0,436
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Table 11. Analysis of variance for the body weight maintemance
for different treatments and periods.

Periods Source of variation af SS MSS F

Due 16 treatments 3 1144776 .65 38159221 2,6208
1 Error 31 4506883.35 14538% .33

Total 34 5651660,60

Due t0 treatments 3 59542.22 19837440 2,560
2 Error 31 240127.78 TT746.05

Total 34 299640.00
: Due t0 treatments 3 37672.21 12557 .40 2,6128
3 Error 31 148727.79 4797 .67

Total 34 186400,00

Due to treatments 3 1717 .97 572,65 0.08"%
4 Lrror 30 209305.56 6976.85

Total 33 211023 .53

Due 10 treatments 3 102000.09 34.000.03 2.147°
5 Error 30 475226 439 15840.87

Total 33 577226 .48

ng = non significan



Table 12. Analysis of variance for the different characters studied among layers:

Factor Source of variation af S8 HMS3 T
IDue {0 diets 3 986 .63 328488 431%
1. Hen-day cgg pro- Due £0 periods 4 592.37 148.09  1.,94%8
duction Error 12 915.76 76431
Total 19 2494.76
Due o0 diets 3 2935.0 978.33 Te65%%
2. Feed consumption Due to0 periods 4 343443 853458 GoT e
Error 12 1534.5 127 .38
Total 19 7903 .8
Due to diets % 0:4623 0:1541 33292708
%e. Peed efficiency Due to0 periods 4 2.,9919 0.7480  15.9829#*
Trror 12 0:5612 0.0468
Total 19 4:.0154

= non significant.
¥ = Significant at 5% level.
= Significant at 1% level.

0%



Table 13.

Analysis of variance for the

various egg quality factors studied.

P W D D G G S S ST T o BN T wd. WU e

1. Bgg weight

2. Per cent aldbumen

3. Per cent yolk
(After angular
transformation)

4. Per cent shell
(After angular
transformation)

Source of variation af Ss H8S F
Due to diets > 48.29 16 443 856 #*
Due 40 perlods 4 96.68 24617 12 « 59 %%
Error 12 23.0% 192

Total i9 169.00

Due to diets 3 762 2,54 1.760°
Due 10 periods 4 %4411 Fe52 5 e 96 %%
Error 12 17-28 104-4-

Total 19 59.01

Due to diets 3 0462 04,20 0,372
Due t0 periods 4 12.68 %17 Ge2 %%
Error 12 617 051

Total 19 19.47

Due 40 diets 3 2.14 CT1 7« 10#%
Due o periods 4 1622 0.30 3 ,001°
Error 12 1.26 0:10

Total 19 4.62

ng =
3

non gignificant.
Significant at 1% level.

LC



Pable 14. Summary of results showing overall performance of birds
during the entire experimental period (140 days).

puy

BExperimental diets

Diet I

Diet III

TFactor Diet II Diet IV
(control) (10% rubber (15% rubber (20% rubber Mean
seed meal) seed meal) seced meal) -
Average hen~day egg production (%) 72.88 T7 «32 69.63 53e33 €9.55
Average daily feed consumption
per bird (g) 132 132 111 105 120
Average feed efficiency (kg) 2419 2,07 1497 2+38 2.15
Average final body weight (kg) 1.23 1437 1.24 1420 1426
Average egg weight (g) 49.84 46.54 46445 45483 47 A7
Percentage albumen 62.60 61.22 61.04 61.92 61.84
Percentage yolk 27.00 27 .86 2758 27 .02 27«22
Percentage shell 10.40 10.92 11.38 1106 10.94
Peed cost per kg * (%) 1.16 1,11 1.08 1,06 1410
Feed cost per dozen eggs () 2454 2.30 2e13 2452 2437

Cogt of rubber sced meal -~ Rs.850/- per tonne.

>C
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DISCUSSION

Hen-day egg production

Best egg production was recorded for the group fed 10 per
cent rubber seed meal in their diet followed by those fed O, 15
and 20 per cent rubber seed meal in that order. This shows that
addition of rubber seed meal in layer diets at 10 per cent level
partially replacing groﬁndnut cake is advantageous over ﬁsing
groundnut cake alone as the vegetable protein source. Ewenthoug
the statistical analysis did not reveal any significant diffe-
rences among these values, the apparent differences are rather
appreciable. It may be seen that the diet containing 15 per cen
rubber seed meal compared fairly well with the control diet in
respect of egg yield as the numerical differences in per cent
production between the two groups is rather small. However,
the diet with 20 per cent rubber seed meal seems to have exerted
a depressing influence on egg production. The group fed rubber
seed meal at this level laid only much lesser eggs on a hen=day
basis thereby showing that the inclusion of rubber seed meal at
20 per cent level in layer diet is detrimental to optimum egg
production. The results also suggest that the type and kind of
rubber seed meal as is‘emplqyed in this trial could be used witl

advantage in layer rations upto 15 per cent.

The improved egg production obtained with 10 per cent rub
sced meal might possibly be due to the mutual supplementary eff

of amino acids in both groundnut cake and rubber seed meal at <
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right proportions. At higher levels of rubber seed meal,
probably this balance is disturbed thereby adversely affecting
the production capabilities of laying chicken. Neverthless, as
the 15 per cent level of ineorporation did not bring about any
significant decline in egg yield, and in the light of economy
and shortage of conventional protein concentrates, this level
can be safely recommended. The very low egg production register-
ed by the birds fed rubber seed meal -at 20 per cent level might
be due t0 the comparatively low availability of critical amino
acids especially methionine from their diet. Rajaguru (1971)
reported that egg production was not affected when rubber seed
meal was added upto 40 per cent of layer ration supplemented
with methionine.

The birds were in 30 per cent produection at the commence=
ment of the trial. The egg production which was 68.86 per cent
during the first period went upto 78.61 per cent in the second
Period during which the experimental birds peaked. In the third
period, there was decline in egg production as is expected after
péaking. The third and fourth periods maintained almost the sam
Per cent production which again went down during the fifth perio
However, the numerical differences in per cent egg rroduction
between the periods were not statistically significant and follo
ed the natural trend in pullet year production. This, therefore
suggests that inclusion of rubber seed meal in the diet exerted
no deleterious influence on the normal production pattern of

laying birds.
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Buvanendran and Siriwardene (1970) demonstrated that
rubber seed meal could be incorporated in layer diets upto
25 per cent level. However, Rajaguru (1971) opined that rubber
seed meal could be used in layer ration even upto 40 per cent
without affecting egg production adversely when supplemented
with methionine. The better results reported by the above
workers from Sri Lanka might be due to the difference in com=
position of the meal itself and/or on account of added methio=
nine in rubber seed meal supplemented diets. The depressing
effect of rubber seed meal cannot be explained on the basis of
limited information gathered from this study. However, as re=
ported by Buvanendran (1971) one reason might be the presence
of free fatty acdids in rubber seed meal. Another possible
factor might be the hydrocyanic acid content of rubber seed
meal, but this is unlikely to produce harmful effects, since
some of the hydrocyanic acid is rapidly detoxicated in the lungs
and -a greater part of it is converted to thiocyanate and is
excrcted with urine (Dawson and Messenger, 1932; Garner, 1967
and Radeleff, 1970). The conversion of cyanide t0 thiocyanate
ion is by an enzymatic process which is accelerated by thio-
‘sulfate and by some sources of available sulphur (Radeleff,1970).
For this reaction, naturally, sulphur from sulphur containing
amino acids is made use of, leading to methionine deficiency
(Ross and Enriquez, 1969). It has been reported that methionine
deficiency causes lowering of egg productipn_(Leong and McGinnis,

1952). It would therefore be more appropriate to surmise that



%6

amino acid imbalance especially the low availability of methio-
nine is a more likely reason for loweréd performance of hens

than the influence of free fatty acid content.
Feed consumption

Average daily feed consumption per bird during the entire
experimental period differed significantly (P / 0:01). Highest
feed consumption was obgerved among birds fed diets I and II
while. the groups fed dletsIII and IV consumed significantly
lesser quantity of feed. Hens fed the control diet and the diet
convaining 10 per cent rubber seed meal consumed equal quantum of
mash, on an average, indicating that this particular level of
incorporation of rubber seed meal in the diet had no adverse
effect on feed intake. But at 15 per cent and 20 per cent levels,
rubber sced meal adversely affected feed intake of birds. There
was progressive reduction in feed consumption as the. level cof
incorporation was increased. It appears from the results that
rubber seed meal in layer diets above 10 per cent level exerts
a depressing influence on feed intake, possibly affecting the
palatability of the diet and/or due to a2 probable higher -energy
.content of the diet. It may be mentioned here that the rubber
seed meal uwsed in the study had a higher oil content. Reduced
feed intake as a result of enhanced levels of rubber seed cake
in the diets of broilers and growers has been reported by
Rajaguru and Wettimuny (1971) who advanced the probable reason
for this drawback as due to an unidentified factor. In a very
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early report, Morrison (1957) had opined that rubber seed meal

was not much palatable.

The differences in gquantities of feed consumed during
periods also differed significantly (P / 0.01). TFeed intake
during the first three periods was comparable and differed
greatly from that duvring the last two periods. The reduced feed
consumption during the early periods may be due to the higher
envivonmental temperature prevailed as these periods coinecided
with summer. With the onset of monsoon and the resuliant re-
duced atmospheric itemperature, the experimental birds consumed
more feed during the last two periods as is the normal case.
Neverthless, differences in feed consumption between experimental
periods were not evidently influenced by rubber seed meal in the

rations.

Feed efficiency

T

Fean wvalues of feed efficiency for the entire experimental
period among various dietary treatments were comparable and did
not differ significantly. However, numerical differences were
Observed among groups fed different diets. The group that re=
ceived 15 per cent rubber seed meal in their diet shpwed the
highest efficiency followed by other groups viz., the group thai
received rubber seed meal at 10 per cent level, the control group
and the one that received rubber seed meal at 20 per cent level
in the diet in that order. The best efficiency observed in the

group fed rubber seed meal at 15 per cent level was due to lower
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feed consumption by birds in this group rather than higher rate
of. lay, since both the control group as well as the group fed
rubber seed meal at 10 per cent level laid higher number of eggs
than this group. However, the apparent poor feed efficiency
exhibited by birds fed rubber seed meal at 20 per cent le?el in
the ration could be attributed entirely to their very low egg
yield. As the feed required to produce a dozen eggs. does no¥p
vary appreciably in relation to ithe level of rubber seed meal in
the diets, inelusion even upto.éo per cent level in the ration
mey appear safe as far as this trait is conecerned. However,
reduced egg production at this level poses a serious drawback
10 be considered in this regard. Thus it appears safe both in
termg of egg production and feed efficiency +0 recommend a level

of 15 per cent. of rubber seed meal in rations meant for layers.
Body weight maintenance

The differences in mean body weight of experimental birds
at the close of the trial were not significant and were compara-
ble. Also there were no significant differences in mean weight
of birds among the dietary treatments, due to periods. The gain
or loss in body weight of experimental birds was more or less
uniform and was not affected by the dietary treatments. However,
the group fed rubber seed meal at 10 per cent level showed a
numerically increased body weight over other groups. This again
leads 0 a reasonable conclusion that at this level, the amino

acids in the diet are better balanced. The apparent low average
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body weight of birds fed rubber seed meal at 20 per cent level
might possibly be due to their low feed consumption coupled with
an amino acid imbalance in their diet. Neverthless, as the
differences are statistically not significant, it can be assumed
that the biological value of rubber seed protein is almost com-

parable with that of groundnut cake.
Egg weight

Best egg weight was recorded by the birds in the control
group &1 while the birds in other groups laid eggs with signi~
ficantly lower weights. However, the differences in mean egg
weight among the groups fed rubber seed meal were negligible.
These results indicated that rubber seed meal contained some
factor or factors which exerted a depressing influence on egg
veight irrespective of the level of incorporation, the degree o
depression not being proportionate with the rubber seed meal
content in the feed. Decreased egg weight as a result of feed-
ing rubber seed meal to White Leghorn hens has been reported by
Rajaguru (1971), at and above 20 per cent level. Eventhough
the incorporation of this protein source at 10 and 15 per. cent
levels hag been found advantageous with regard to egg product-
ion, feed consumption, feed efficiency end body weight mainte-
nance, its adverse impact on egg weight is a serious matter of
concern. Therefore, it is suggested that further research of
+this type should aim at identifying and eliminating the actual

factor responsible for lowering the egg weight. As indicated
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earlier, the decreased methionine availability mey bde the
probable reasoh for lowered egg weights among hens in the
treatment groups. The importance of this critical amino acid
for egg weight has been well documented (Leong and MeGinnis,

19523 Mueller, 1967snd Harms et zl. 1967).

The difference in mean egg weight from period to period
followed the normal pattern of egg weight maintenance in pulles
year production. Zgg weight which was the lowest during the
first period progressively improved and reached the optimum
level during the fourth period and did not increase furthei.
This increase in successive periods with advancement of lay is
na%ural (Romanoff and Romanoff, 1949) and therefore is not

likely to be due to the inclusion of rubber seed meal in the

loyer dietse.
Internal egg aquality

Albumen.

Condition of albumen of eggs was uniformly alike pointing
t0 the fact that rubber seed meal in the diet had no effect
whatgoever on the albumen condition or clarity. The mean values
of per cent albumen of eggs broken out from different experi-
mental groups were comparable and were wnaffected by the inclu-~
sion of rubber seced meal in the diets. Generally, albumen
content of all eggs stﬁdie& was higher as should.be expected in

pullet eggs during the initial period. Larger percentages or
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albumen during initial laying stages is a well accepted character-
istic of the laying hen (Romanoff and Romanoff, 1949). Per cent
albumen which was highest during the first period of the experi-
ment gradually decreased towards the fifth period following the

natvral pattern.
Yollk,

Yolk condition and colour of yolks from eggs broken out
during the course of this study were more or less uniform indi-
cating tha+t there was no factor in rubber seed meal which could
influence these characters. Mean yolk percentages in all the
groups were almost alike and were not affected by the dietary '
treatments. However, the increase in yolk size from the begin-
ning to the close of the experiment was normally expected and
appeared +0 have no relation with rubber seed meal in the ration.
Yolk size which was smallest during the first period progressively
increased towards the f£ifth period which again followed +the normal

characteristic as reported by Romanoff and Romanoff, 1949.
Shell.

In spite of the fact that inclusion of rubber seed meal
depressed egg weight at all levels of incorporation, the weight
of shell was favourably affected. Birds in the control group
l2id eggs with lesser shell percentage, while per cent shell
progressively increased in eggs from hens fed the diet contain-

ing 15 per cent rubber seed meal. Neverthless, at 20 per cent
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rubber seed meal in the diet, no further enhancement in shell
percentage was observed. Birds fed rubber seed meal in their
diets a2t all levels laid eggs with significantly higher shell
percentage than those laid by the birds in the control group
irrespective of the fact that all the birds were supplied with
calcium supplement free choice besides adegquate amounts of

calcium, phogphorus and vitamin D in the diets.

As the egsential nutrients for effective shell formation
were equally available for the experimental birds, the increased
shell weight of eggs laid by the rubber seed meal fed birds mighty
possibly be due 40 an unidentified factor in the rubber seed meal
which favours conditions of shell formation. However, these
findings are in contrast to the observation made by Rajaguru
(1971). No definite conclusion can be drawn about this improve-
ment in per cent shell based on the limited data available from

this study.
Beonomicg

The feed cost for producing dozen eggs for the different
dietary treatments indicated that the .incorporation of rubber seed
meal, irrespective of the levels, recorded lower cost over the
control group. However, among the groups fed rubber seed meal,
the feed cost was lowest for the group fed 15 per cent rubber
seed meal followed by the 10 per cent rubber seed meal fed group.
The group that received 20 per cent rubber seed meal in the diet

demonstrated almost same cost of production as thai of control.
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It is pointed out that in spite of the poor production by birds
on 20 per cent rubber seed meal the feed cost of producing dogen
eges was not much different from that of control. Generally,
pubber seed meal added diets were found to be economical at all
levels of incorporation. However, the lowered egg weights ob=
served with the feeding of rubber seed meal at all levels, poses

a serious drawback which required consideration.
Mortality

There was only one death among all the experimental birds
during the entire period of study. This loss was suffered by
the control group. Evidently, the incorporation of rubﬁer seed
meal in rations did not affect laying house mortality. fThe
hydrocyanic acid content of the meal did not interfere with the
livability of birds thereby suggesting that rubber seed meal

can be safely included in layer rations at levels ugeq j
study. 1 this
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SUMMARY

A feeding trial of 20 weeks duration was carried out during
February +to July 1977 with rubber seed meal at O, 10, 15 and 20
per cent levels to study the feeding value of the same using
thirty-six S.C. White Leghorn hens maintained in individuwal lay-
ing cages. The entire period of study was divided into five,
28~=day periods.

Hen day egg production, feed consumption, feed efficiency,
body weight maiﬁtenance and egg quality traits such as egg weight,
per cent shell, per cent albumen and per cent yolk were calculated
for each period and analysed. The following conclusions were

drawn at the end of the experiment.

1. Rubber seed meal at 10 per cent level apperently
improved egg production over control whereas at 20 per
cent level, it appeared unsuitable in layer ration.

At 15 per cent level the egg production was comparable
to that of comtrol.

2. Feed consumption was significantly less (P £ 0.01) in
15 per cent and 20 per cent rubber seed meal fed groups
than the control and birds on diet with 10 per cent
rubber seed meal. Birds in the latter treatment groups
consumed equal guantum of feed on an average.

3« Feed efficiency was not affected by different dietary
treatments.

4+ Inclugion of rubber seed meal in the ration had no
particular effect on body weight maintenance of experi-
mental birds.
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Egg weight was significantly depressed among birds fed
rubber seed meal (P / 0.01) in their diets.

Other egg guality traits like per cent albumen and per
cent yolk were no% signlficantly affected by feeding of
rubber seed meal.

Per cent shell was significantly more (P / 0.01) in
birds fed different levels of rubber seed meal.

Incorporation of .rubber seed meal at 10 and 15 per cent
levels worked out t0 be economical in layer rations.

Iivability was not affected by the feeding of rubber
seed meal.

the light of the above findings it appears reasonable to

that rubber seed meal could be used as an alternate

source 0f vegetable protein in place of groundnut cake and thet

3% could be incorporated upto 15 per cent in the layer ration

without adversely affecting the economic productive traits.
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ABSTRACT

An investigation was carried out to study the feeding value
of rubber seed meal for layers in view of its exploitation as a
newer unconventional protein source for poultry.. Thirty-six, S.C.
Wwhite Leghorn pullets aged 20 weeks were housed in individual cages
on four diectary regimes. One group was fed a basal diet containing
groundnut cake as the vegetable protein source and formed control,
while the other groups were fed experimental diets containing rubber
seed meal at 10, 15 and 20 per cent levels partially replacing ground=-
nut cake. Major economic characters like hen-day egg production, feed
consumption, feed efficiency, body weight maintenance, egg welight,
ege quality and livability were studied for five, 28—déy periods.
The results obtained during the course of investigation are present-
ed and discussed. Incorporation of rubber seed meal at 10 per cent
wags found %0 be superior as far as hen-day egg production and feed
inteke were concerned. Feed efficiency and body weight maintenance
were not significantly affected by different dietary treatments. BgE
weight was significantly depressed among birds fed rubber seed meal
in their diets. Per cent yolk and per cent albumen showed no change
attributable to treatments. However, the per cent shell increased
in rubber seed meal fed groups. The group fed with 10 per cent
rubber seed meal in the diet excelled the other three groups based
on the overall performance, while, the feed cost per unit production
favoured the 15 per cent rubber seed meal fed group. ZILaying house
mortality was not at all influenced by feeding rubber seed meal. I%
was concluded that inclusion of rubber seed meal as a protein con-
centrate in layer diet is useful upto 15 per cent level. However, its

adverse effect on egg size has been pointed out as a probable drawback



