REQUIREMENTS OF PROTEIN AND ENERGY FOR
BROILERS DURING SUMMER SEASON

By
AMRITHA VISWANATH

THESIS

Submitted in partial fulfilment of

the requirement for the degree

Boctor of Philogophy

Faculty of Veterinary and Animal Sciences

Kerala Agricultural University

Department of Poultry Science

COLLEGE OF VETERINlARY AND ANIMAL SCIENCES
Mannuthy - Thrissur

1992



ii

DECLARATION

I hereby declare that this . thesis entitled
REQUIREMENTS OF PROTEIN AND ENERGY FOR BROILERS DURING 7 °

SUMMER SEASON is a bonafide record of research work done by
me during the course of research and that the thesis-has not
previously formed the basis for the award to me of any
degree, diploma, associateship, fellowship or other similar

title of any other university or society.

IR Wt

Mannuthy,

4.9.1992. (AMRITHA VISWANATH)



iii

CERTTIFICATE

L
Certified +that +the thesis entitled REQUIREMENTS OF

PROTEIN AND ENERGY FOR BROILERS DURING -8 SUMMER SEASON is
a record of research work done independently by Smt. Amritha
Viswanath under my guidance and supervision and that it has
not previously formed the basis for the award of any degreé,

fellowship or associateship to her.

\_‘SWLW

Dr. A. RAMAKRISHNAN, Ph. D.

(Chairman, Advisory committee),

Director and Head,

Centre for Advanced Studies in

Poultry Science,

Mannuthy, Collegye of Veterinary and
Bnimal Sciences,

4.9 -1992. : Mannuthy.



iv

CERTIFICATE

We the undersigned members of the advisory committee
of Smt. Amritha Viswanath, a candidate for the degree of
Doctor of Philosophy in Poultry Science, agree that the
thesis entitled REQUIREMENTS OF PROTEIN AND ENERGY FOR-
BROILERS DURING %iin SUMMﬁﬁ_éﬁASON may be submitted by

Smt. Amritha Viswanath in partial fulfilment of requirement

for the degree.

W

Dr. A. Ramakrishnan, Ph.D- é:h
(Chairman, Advisory committee),
Director and Head,
Centre for Advanced Studies in Poultry Science,
College of Veterinary and Animal Sciences,
Mannuthy.

s e G

Dr. R.Sabarinathan Nair,Ph.D., Dr. K.C. George, Ph.D.,
Professor, Professoragnd Head.
Department of Poultry Department of Statistics
Science.

Dr. C.T. Thomas,Ph.D.., Dr. 'A. Jal deen,Ph.D.,

Professor and Head, Associate Professor,

Department of Nutrition. Department of Poultry
Science.

Exterégi

Examiner



ACKNOWLEDGEMENT

I wish to express my deep sense of dgratitude and
indebtedness to Dr. A. Ramakrishnan, Ph.D., Director and
Head, Centre for Advanced Studies 1in Poult?y Science,
College of Veterinary and Animal Sciences, Mannuthy, for
suggesting the problem; —his valuable guidance, keen
interest, constructive criticism and suygestions for shaping

up the manuscript amidst his busy schedule of work.

I am extremely grateful to Dr. R. Sabarinathan Nair,
Ph.D., Professor, Department of Poultry Science and member
of the Advisory Committee for his valuable suggestions and
timely help in the completion of work in time and in +the

preparation of the thesis.

I am very much obliged to Dr. C.T. Thomas, Ph.D.,
Professor and Head, Department of Nutrition and member of
the Advisory Committee for his valuable help for the

completion of this study.

‘"I gratefully acknowledge the valuable help extended to
me by Dr. K.C. Georye, Ph.D., Professor, Department of
Statistics for the statistical analysis of the data and as a

member of the Advisbry Committee.



vi

I am extremely grateful to Dr. A. Jalaludeen, Ph.D.,
Associate Professor, All India Co-ordinated Research Project
on Poultry Nutrition for his whole-hearted help as a member

of the Advisory Committee.

I wish to express my sincere thanks to Dr. A.K.K. Unni,
Ph.D., Senior Scientist, All India Co-ordinated Research
Project on Poultry for Eggs, Dr. C.K. Venugopalan,
Professbr; Dr. K. Narayanankutty, Ph.D., Associate
Professor, Dr. G. Reghunathan Nair, Associate Professor,
Dr. P.A. Peethambaran, Ph.D., Associate Professor,
Dr. C.V.Andrews, Dr. T.P. Rejikumar and Dr. P. Anitha for
their whole-hearted help offered to me throughout the

period of my study.

I am grateful to the Dean, College of Veterinary and
Animal Sciences for the facilities provided to me to underqgo
this study. I gratefully acknowledge the valuable help
rendered to me by all other staff members of the Department

of Poultry Science.

I thank Mrs. K.P. Santhabai, Junior Programmer, Depart-
ment of Statistics, College of Veterinary and Animal
Sciences, for the assistance rendered in the statistical

analysis of the data.



vii

I am grateful to my husband, Dr.T.V. Viswanathan, Ph.D.
Scholar, Virginia Polytechnic Institute and State
University, U.S.A. and my sons Master T.V. Gopan and
T.V. Anish for their understanding and cb-operation rendered

to me throughout the period of my study.

AMRITHA VISWANATH



ix

LIST OF TABLES

Table , Title Page

No. No.

1. Requirements of dietary protein (%) for 81~
broilers as reported by various authors. 82

2. Requirements of dietary energy (Kcal ME/kg) 83~
for broilers as reported by various 84
authors.

3. Percentage composition of broiler starter 87-
and finisher rations. 88

4, Per cent proximate composition of experi- 90

mental diets on dry-matter basis.

5. Mean weekly temperature and relative 94
humidity recorded inside the experimental
shed.

6. Period-wise mean weekly temperature and 96
relative humidity in the experimental
shed.

7. Mean weekl& body weight (g) of broilers fed 98

experimental diets from 0-8 weeks (Pooled
data). .

T — — S — T T T T T G Hal ok S St Bk ek el e S T T S S S S S B TR e St S e e S S T it Rk Rt ok R



CONTENTS

viii

S51.No. Chapters Page No.
1. INTRODUCTION 1-4

2. REVIEW OF LITERATURE 5-84

3. MATERIALS AND METHODS 85-92

4. RESULTS g3-121
5. DISCUSSION 122-140
6. SUMMARY 141-149
7. REFERENCES 150-177
8. APPENDICES 178-197
9. ABSTRACT




—t s A ——— Tt T T oy Sk i S e o S S St A M T e e et et S e Py S e e T S e o St b o S S e e S Y e G

B. Mean weekly body weight gain (g) of breilers 104
" fed experimental diets from 0-8 weeks
(Pooled data).

9. Mean feed coﬁsumpt;qp (g)/bird/day  of 106
broilers fed experimental diets from 0 to 8
week of age (Pooled data}.

10. Mean weekly cumulative feed efficiency of 108
broilers fed experimental diets from 0-8
weeks (Pooled data).

11. Mean processing yield and losses at eighth 111
week~ of broilers fed experimental diets
(Pooled data).

12. Mean plasma protein (g%) values of broilers 114
fed experimental diets at 8 weeks of age.

13. Mean haemoglobin {(g%) values of broilers fed 115
experimental diets at 8 weeks of age.

14. Mean per cent body fat (Ether extract) of 117
broilers fed experimental diets on dry
matter basis at 8 weeks of age.

15. Mean per cent liver fat (Ether extract) of 118
broilers fed experimental diets on dry
matter basis at 8 weeks of age.



X1

T R Bt et B Rt o et e o e T — — T i Tt Tt Tt St St e o ey o P T g oy T S S W S . e B e Bt e

le. Mean Iodine Value and Saponification Value 120
‘of abdominal fat at 8 weeks of age of
broilers fed different diets.

17. Mortality (number) in broilers fed 121
experimental diets from 0-8 weeks of age.

18. Consolidated performance of broilers fed 149
experimental diets upto 8 weeks of age.

B A Rk Sk e e — St o . oy Ty P S okt St Sl Bk ok B o e e e ey S EER ES Bma St S b e A M S Sy oy



LIST OF ILLUSTRATIONS

xii

broilers fed different diets at 8 weeks.

Figure Title Between

No. pages

1. Period-wise mean weekly temperature 96-97

2. Period-wise mean weekly relative humidity 96-97

3. Mean weekly body weight of broilers fed 98-99
experimental diets

4. Mean body weight of broilers fed 102-103
experimental diets at eight weeks: of age.

5. Mean weekly body weight gain (g) of broilers 3104-105
fed experimental diets.

6. Mean weekly feed consumption (g/bird/day) of 106-107
broilers fed experimental diets. '

7. Mean weekly feed efficiency of broilers fed 108-109
experimental diets. \

8. Mean cumulative feed efficiency of broilers - 109-110
at 8 weeks of age.

9. Per cent mean processing yield and losses of 111-112




LIST OF APPENDICES

xiii

. ——— — o — Tt St St Bt ot i o T T [ o o g e o o e e M et e ol e S G A M S S S S S S —————— t—

Appendix

No.

— ——————————————— ———— T T Rt Bt St Bt B e B S S e M W E S . Ty EeN Py e ey e o e S o el (e Sk Sl e et R et

ii.

iii.

iv.

vi.

Mean weekly body weight (g) of broilers
fed experimental diets from 0-8.weeks -
First trial

Mean weekly body weight (g) of broilers
fed experimental diets from 0-8 weeks -
Second trial

Mean weekly body weight (g) of broilers
fed experimental diets from 0-8 weeks -
Third trial.

‘Mean weekly body weight (g) of broilers

fed experimental diets from 0-8 weeks -
Fourth week

Mean weekly body weight gain(g) of
broilers as influenced by experimental
diets upto B weeks of age - First trial.

Mean weekly body weight gain(g) of
broilers as influenced by experimental
diets upto 8 weeks of age - Second trial.

178

179

180

181

182

183



xiv

e o e At e et A i - o i A o e A P A et B o e il At B o e G T T S P Ay A Ak 8 e e e ) S R R

vii. Mean weekly body weight gain(qg) of 184 °
broilers as influenced by experimental
diets upto 8 weeks of age~ Third trial.

viii. Mean weekly body weight gain(g)} of 185
broilers as influenced by experimental
diets upto 8 weeks of age-[Foupth tpial.

ix. Mean feed consumption(g)/bird/day of 186
broilers fed experimental diets wupto 8
weeks of age - First trial.

X. Mean feed consumption(g)/bird/day of 187
broilers fed experimental diets upto 8
weeks of age - Second trial.

xi. Mean feed consumption(g)/bird/day of 1388
broilers fed experimental diets upto 8
weeks of age - Third trial.

xii. Mean feed consumption(g)/bird/day of 189
broilers fed experimental diets upto 8
weeks of age - Fourth trial.

xiii. Mean weekly cumulative feed efficiency of 190
broilers fed experimental diets upto 8
weeks of age - First trial.

X1iv. Mean weekly cumulative feed efficiency of 191
broilers fed experimental diets upto
8 weeks of age - Second trial.



XV

— — —————— v Pma Sma S S T E ] ey T e S e o et St e i M S Sy S e S S S e St ey e ek et St B

XV. Mean weekly cumulative feed efficiency of 192
broilers fed experimental diets upto 8
weeks of age - Third trial.

xvi. Mean weekly cumulative feed efficiency of 193
broilers fed experimental diets upto 8
-_ weeks of age - Fourth trial.

xvii. Mean processing yield and losses of 194
broilers fed experimental diets at 8
weeks of age - First trial.

xviii. Mean processing yield and losses of 195
broilers fed experimental diets at 8
weeks of age - Second trial.

X1X. Mean processing yield and losses of 196
broilers fed experimental diets at 8
weeks of age - Third trial.

XX . Mean processing yield and losses of 197
broilers fed experimental diets at 8
weeks of age - Fourth trial.

) S et St ot Bt e frf B e T e e S — — — T R S - - - ——



.gm‘foa( uction




INTRODUCTION

Poultry farming has emerged as an important agribusiness
by itself for operation in commercial scale and, as a means
of generating self employment. Eventhough during the
earlier part of its growth, the progress was essentially in
the layer sector, recently broiler chicken production has
shown a faster rate of growth than layers throughout our
country. The broiler production which was only four million
in 1971, rose to 168 million in 1988 and is expected to
reach a levél of 1200 million by the turn of this century
(Chatterjee and Acharya, 1990). This phenomenal growth in
broiler chicken production is because of 1its low cost,
better quality of meat with low fat content and superior

protein.

According to a study made in 15 states of India in 1983
by the United States Agency for International Development
(USAID), over 60-70 per cent of the population consume less
than the minimum requirement of protein and calories. In
India the per-capita availability of poul;ry meat in 1987
was 309 g, whereas it was 15.6 kg in developed countries and
the worxrld averaée is 5.9 kg (Anon., 1990). The National
Institute of Nutrition recommends per-capita consumption

of 10.8 kg of meat per annum. To meet a conservative



donsumption of two broilers a month by only 20 per cent of
the population in the next five years, annual production
should reach 450 million breoilers in 1994-'95 (Anon., 1990).
Kerala occupies only thirteenth place in the broiler map of
India, with a broiler population of 1.5 million which

accounted only for two per cent production in 1985.

Biologists 'have long recognized that the climatic
environment has a profound effect on growth, reproduction
and other functions of both plants and animals. It is
widely accepted that the average performance of livestock
of_EEEpical areas remains much lower than those of temperate
zones (Mc Dowell, 1972). The region of tropical climate has
been designated as the area lying between tropic of Cancer
and tropic of Capricorn. India, located in the northern
hemisphere extends between latitude 8°4' and 37°6' north and

longitude 68°7' and 97°25' east. The climate in this region

is described as tropical monsoon type (Anon., 1975).

The seasons in India have been classified (ICAR, 1977)
into winter (October to February), summer (March to June)
and rainy (July to September). In South India no distinct
winter season prevails and there are two wet periods and a
distinct dry season (Nair, 1973). Somanathan (1980}

classified the c¢limate at Mannuthy (latitude 10e32"N,



longitude 76°l6"E and altitude 22.25 M above MSL) as cold
and wet (June to August), warm and wet (May and Septembér to
November), warm and dry (December and January) and hot and
dry (February to April). At Mannuthy, the highest
temperature of 35.99°C was recorded during March and lowest
temperaturé{ of 20.76°C during January with a mean maximum
temperature of 31.67°C and mean minimum temperature of
23.56°C. The relative humidity varies from 58.51 per cent
during February to 84.60 per cent in September with a mean
Qalue of 73.99 per cent (Xavier, 1981). The prevailing
ambient temperature and humidity in this region therefore

impose stress on animals and birds.

Broiler farmers of Kerala predomindntly belong to the
smaller and marginal category. Therefore, any reduction in
efficienéy of feed utilisation will adversely affect their
margin of profit and may even result in throwing them out of

their business.

Many attempts have been made to overcome the growth

depression associated with heat stress and several possible
nutritional solutions have been recommended with
inconsistant results. Most attempts dealing with these

problems have centered around the merits of feeding



diets with low heat increment or increased aminp acid

concentration.

In view of the inconsistent results reported in the
literature and the importance of research of this nature
especially under Kerala situation, the study was planned to
assess the requirements of protein and energy for broilers
during the summer season in the hot and humid clima£ic

environment of Kerala.
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REVIEW OF LITERATURE

Dietary Protein and Energy Requirement for Broilers

The faster growth of broilers is the result of
accelerated rate of protein synthesis in the body. This
depends on feed intake and composition of feed.
Environmental temperature is an import;nt factor deciding
feed intake. Various studies conducted over the past two
decades revealed that growth rate and body weight gain could
be improved if diets were formulated to contain higher

levels of nutrients especially protein and energy.

The following is an attempt to review +the researches
conducted both in India and abroad. The requirements of
protein and energy for broilers as reported by various

authors are presented in Table 1 and 2.

Hill and Dansky (1950) reported no improvement in
growth of cross bred chicks upto seven weeks of age by
increasing the protein level above 20 per cent in a diet of

relatively high productive energy content.

Hill and Dansky (1954) studied the energy requirement
of chicken and found that maximum growth rate measured by
body weight and shank length was obtained with a ration

containing 623 calories of productive energy per pound.



They also reported that the quantity of feed consumed was
determined primarily by the energy level of the ration and

not by the prétein level.

Sunde (1956) studied the influence of two levels of
protein, viz., 20 and 28 per cent with energy levels of 655,
730, 771, 806, 845 and 932 productive calories per pound and
reported that a high protein low energy diet caused a
reduction in the growth rate and a reduced efficiency of
feed utilization. He further observed that raising the
energy level by the addition of fat increased the weight of

the chicks and also improved the feed utilization.

Donaldson et al. (1956) reported that productive energy
level of the ration was found to influence the protein level
required - in the ration. They also reported that a highly
significant positive correlation existed between the
calorie-protein ratio of the diet and fat content of the

carcass.

Spring and Wilkinson (1957) found that at two weeks of
age the diet had no effect on weight gain. But at eight
weeks of age increasing dietary energy caused increased
weight gain. They also reported that increasing dietary

protein from 22 to 28 per cent had no effect on weight gaiﬂ.



Essary et al. (1964) studied the influence of feeding
two levels of protein and energy in broiler ration upto 12
weeks and found that birds fed with 22 per cent protein upto
six weeks and 18 per ceént protein upto 12 weeks showed
better perf&rmance with regard to 1live weight, feed
conversion and dressing percentage.

Essafy et al. (1965) studied the influence of different
levels of fat and protein in broiler diets by feeding 15
different rations containing C:P ratio ranging from 35.7 to
50.1. They found that differeﬁt levels of protein and fat

significantly influenced live weight.

Payne and Lewis (1966) reported that either increasing
the supply of protein or energy yielding nutrients in the

starter diets improvedi the overall growth performance.-

Wells .(1968) opined that dietary energy governed the
food intake of chicks. Growth rate of chicks upto seven
weeks of age fed the highest energy diet (1477 Kcal/lb) was
sighificantly better than those fed the low.(1278 Kcal/lb)
and medium energy (1354 Kcal/lb) diet. He also noticed that
total feed consumption values showed a tendency to decrease

as metabolizable energy levels increased. Highly significant



differences in feed conversion were noticed among three

groups.

" Kelly and Potter (1971) fed broilers of 0-4 weeks of
age with a diet containing 27 per cent protein and 22 per
cent protein from 6-8 weeks of age and observed that they
were 11.7 per cent heavier and had 9 per cent better feed
efficiency than +those fed a diet containing 22 per cent

protein.

Rao et al. (1973) studied the optimum protein and

enerqgy requirement of different broiler breeds. They found
that different protein levels significantly influenced the
body weights at eight weeks of age. An increase in protein
level from 18 to 26 per cent during the starter phase
resulted. in corresponding increase in body weights. Body
weight of 26 per cent protein fed group was more than that
of 22 per cent group. Group fed with 18 per cent protein was
significantly lower in body weight in all breeds. The feed
efficiency of 26 per cent protein level group was superior

than 18 and 22 per cent level groups.

Bartov et al.(1974) reported that rearing broilers on
diets containing protein levels slightly above or below the

accepted optimum did not affect growth rate.



Waldroup et al. (1976) reported that nutrient density
significantly influenced body weight gains in broillers.
They noticed that increase in nutrient density reduced the
total amount of feed consumed ie. increasing eneréy levels
from 2970 +to 3740 Kcal ME/kg resulted in 3.8 per cent
reduction in total feed intake. Feed:gain ratio was

improved in response to increased nutrient density.
| 3

Fuller (1976) reported that reducing- protein level by
one per cent per week from 24 per cent in the first week to
17 per cent in the eighth week and increasing energy levels
from 3070 to 3330 Kcal ME/kg did not affect the performance

of broilers.

Knestrick and Yacowitz (1976) found that one per cent
additional protein added to a control ration containing 24,
22.8 and 20.8 per cent protein in starter, finisher and

withdrawal diets significantly improved feed conversion

without affecting body weights at a temperature range of
24 and 32.5°C. They recommended an energy level of
1475~1525 Kcal/lb. Addition of 25 calories/lb did not

significantly improve conversion.

Protein requirement of pure bred broilers was reported

by Gowda et al. (1976), by feeding four levels of
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protein wviz., 15, 18, 21 and 24 per cent in an isocaloric
diet (3000 Kcal ME/kg) upto 6 weeks. They found that with
the increase in protein levels from 15 to 24 per cent, a
significant increase in weight gain and feed efficiency was
observed. The protein requirement for optimum growth and
feed efficiency as reported by them was around 24 per cent

forWhite Plymouth Rock, White Cornish and New Hampshire.

Scott et al. (1976) reported that protein regquirements
of broiler chicken depends on energy content of the diet. As
the energy content of the ration increased, protein

requirement increased in both starter and finisher rations.

Saxena and Singh (1976) raised broilers in three planes
of nutrition ie. 20, 22 and 26 per cent protein in the pre-
starter “(0-3 weeks) phase and found that high plane of
nutrition in the pre-starter phase did not result in any
specific advantage and reasoned that chicken were capable of
compensating for the low plane diets by an increase in their

feed consumption.

Studies were conducted to determine the levels of
dietary protein needed for optimum body weights and feed
efficiency in three pure bred broiler chicks from day old

to__eight weeks of age (Johri, 1977). A protein level of
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22 per cent for New Hampshire and White Cornish and 26 per
cent for White Plymouth Rock satisfied the requirement for
growth and feed utilisation. He found that feed efficiency
of purebred broiler chicks increased as dietary protein

levels increased.

Bureau of Indian Standards (ISI, 1977) has recommended
22 per cent crude protein with 2900 Kcal ME/kg for starter
period and 19 per cent crude protein with 3000 Kcal ME/kg

for finisher period in broiler rations.

Broilers fed starter diet containing 3080 Kcal ME/kg
with 24 per cent protein and finisher diet containing 3135
Kcal ME/kg with 22 per cent protein had significantly lesser
body weights and feed conversion efficiency than did
broilers. fed starter diets containing 3160 Kcal ME/kg with
24.8 per cent protein, 3300 Kecal ME/kg with 25.6 per cent
protein and 3410 Kcal ME/kg with 26.4 per cent protein
followed by finisher diet containing 3245 Kcal ME/kg with
22.8 per cent protein, 3355 Kcal ME/kg with 23.6 per cent
protein and 3465 Kcal ME/kg with 24.4 per cent protein

(Cherry et al., 1978).

Moran Jr. (1978) fed commercial sexed broilers with a

ration containing 24 per cent crude protein with 3100 Kcal
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n
ME/kg for 0-2 weeks and then for males upto five weeks on
ration containing 24, 22 and 20 per cent crude protein with
3100 Kcal ME/kg. Females were fed with ration containing
24, 20 and 16 per cent protein with same energy levels upto
five weeks. Then males were fed with finisher ration upto
seven weeks containing 20 per cent protein with 3200 Kcal
ME/kg and females with 16 per cent protein with 3200 Kcal
ME/kg upto eight weeks. Results of the study showed that
body weight gain and feed efficiency were reduced in low
protein diets (20 per cent}). There was no significant
difference in body weight gain between 24 and 22 per cent
protein groqbs. Feed conversion was poor in 22 per cent

protein fed groups than 24 per cent protein fed groups.

Brown and McCartney (1979) reported that commercial
broilers fed with iso-caloric ration (3400 Kcal ME/kg)
containing 23 per cent protein recorded best growth than
that of 27 and 31 per cent protein ration from 2 to 8 weeks
of age. A definite decrease in body weight resulted from

decreasing the calorie-protein ratio.

Hebert et al. (1979} reported that feeding high energy
diet (3300 Kcal ME/kg), resulted in higher body weights,
lowered feed consumption, higher abdominal fat and lower
yield compared to birds fed the low energy diet (3080 Kcal

ME/kg) each with 20 per cent protein.
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The effect of different protein and energy 1levels on
the.—performance of broiler chicken in +the tropics was
studied by Olomu and Offiong (1980). They recommended a
protein level of 23 per cent and an energy level of 2800 to
3000 KXKcal ME/kg for starting broiler chicks and a le§el of
20 per cent protein with an energy level of 3000 Kcal/Kg for
finishing broiler chicks raised in Nigeria. They afrived at
the optimum time of change from starter to finisher ration

as at 5 or 6 weeks of age.

The effect of increasing dietary protein levels in
broiler finisher feeds on growth and energy utilisation was
studied by Musharaf and Latshaw (1981) by feeding diet
_ containing 18, 20, 22 and 24 per cent protein. They found
that males fed with 18 per cent protein weighed less,
whereas females fed with 18 and 20 per cent protein weighed
more than those fed 22 and 24 per cent protein. The
feed/gain- ratio was slightly higher for both males and

females fed 18 per cent protein diet than higher protein

levels.

Coon et al. (1981) reported the effect of feeding two
levels of protein and energy in the starter and finisher
diets in broilers. They fed a low energy diet containing

3135 Kcal ME/kg with 23 per cent protein and a high energy
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diet containing 3410 Kcal ME/kg with 25 per cent protein
from 0-28 days and finisher diets containing 3190 Kcal ME/kg
with 18.9 per cent protein and 3465 Kcal ME/kg with 20.5 per
cent protein from 28 to 56 days of age. They found that
feed conversion of broilers fed high energy starter and
finisher diet was significantly superior when compared to
diets with lesser energy. Weight gain upto 28 days of age
was not affected by energy level. They also noted that
males fed low energy starter and finisher diets gained more
weight (P < 0.05) during the 28 to 56 day period than males

in high energy diets.

Ren-Yu-Tzeng and Becker (198l) reported that male
broilers reached the peak live weight gain (64.4 g/day) at
44 days of age, then the weight gain decreased to 46.8 g/day

at 69 days and approached zero as the chicken grew older.

The effect of varying levels of dietary protein (20,
24, 28 and 32 per cent) and energy (3000, 3200 and 3400 Kcal
ME/kg) on performance and body composition of male broilers
to 49 days of age was studied by Jackson et al. (1982).
Thé;—kound that increasin;_dietary protein and energy levels
produced heavier broilers with improved feed efficiency.
But increases in dietary energy depressed body weight on low

protein ration, while the converse was found to be with the

elevation of dietary energy on high protein rations.
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Bhargava (1982) conducted seven experiments to study
the influence of energy and protein on the performance of
female broilers and found significant depression in the
performance of breoiler chicks fed diet containing 18.7, 19..7
and 20.7 per cent protein with 2960 or 2880 and 3040 or 2960
Kcal ME/kg in starter phase (0-4 weeks). There was no
deleterious effect on performance and carcass grade of
chicks fed grower-finisher diets containing either 17.8,
16.9 or 16.0 per cent protein. The lowest level of energy
ie. 2960 Kcal ME/kg resulted in poor performance both in
starter and finisher stage. He also reported that diets
containing either 18.6 or 17.8 per cent protein and two
levels of energy, 3120 or 3040 Kcal ME/kg within each
protein level had no influence on performance and carcass

grade of birds.

Brown and McCartney (1982) studied the effect of
dietary energy-protein and feeding time on broiler
performance from 2-8 weeks of age. They found that birds fed
with 3400 Kcal ME/kg diet were the heaviest. Energy level
of 3700 Kcal ME/kg was found to be in excess and 3100 Kcal
ME/kg was found to be deficient, each resulting in decreased
body weight at 8 weeks of age. They also reported that
dietary energy had a significant effect on total feed

intake, whereas there was no significant effect of protein
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in the total amount of feed intake. Higher energy

\x

provided better feed conversion, which was not affected b§‘~
feeding time, while increase in dietary protein along with
changes in feeding time significantly affected feed

conversion.

The effect of dietary protein level on the performance
of four to eight week old broilers was reported by Trinadade
et al. (1982 a). They found that with an isocaloric diet
(3000 Kcal. ME/kg) birds fed with 20 ‘per cent protein

performed better than 16 or 18 per cent protein fed group.

Trinadade et al. (1982 b) fed broilers with diet
containing 23, 20 and 18 per cent protein with 3000 or 3200
Kcal ME/kg and found that weight gain and feed efficiency
were greatest in birds fed with 3200 Kcal ME/kg than _3000

Kcal ME/kg fed group.

Tri%@ade et al. (1983) fed Hubbard bfoiler chicken with
a diet containing 24 per cent protein upto two weeks, 22 or
18 per cent from two to five weeks and 20, 18 or 16 per cent
from five to seven weeks with an energy level of 2900, 2900
and 3000 Kcal ME/kg_in three phases. They found that body
weight gain was greater in groups fed higher protein at
grower stages. During finisher period, gain and feed

conversion were not affected by dietary protein.
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Salmon et al. (1983) reported that weight gain upto
four weeks improved (P <0.0l) as the starting protein level
was increased, but subsequent gain was not affected by the
starter diet. They also reported that there was no
significant effect on feed efficiency from 0-8 weeks. Weight
gain from four to eight weeks were not significantly

affected by finisher protein levels, but feed efficiency

improved with increase in protein levels.

Leclercq (1983) studied the influence of dietary
protein content on the performance of lean or fat lines from
three +to eight weeks of é&éf He found that lower protein
content depressed growth of lean chicken, but had no adverse

effect on fat chicken. In both lines increasing dietary

protein decreased food:gain ratio.

Pesti (1983) reported that birds fed 18 per cent
protein diet weighed significantly less than birds fed 22
and 26 per cent protein diets. He also found that feed
intake was similar for all +the treatment groups. Feed
conversion was indirectly proportional to protein content

ie. high protein diet had low feed conversion.

To study the response of male broiler chickens to diets

with wvarious protein and energy content, two growth trials
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using 2400 male broilers were conducted with five levels of
dietary protein (17.5, 18.6, 19.8, 20.9 and 22.0 per cent)
and five levels of metabolizable energy (12.13, 12.68,
13.18, 13.73 and 14.23 MJ/kg) by Pesti and Fletcher (1983).
They found. that body weight increased with increasing
dietary protein and metabolizable energy conten£. Feed
consumption and feed utilisation were dependent on dietary

protein and energy content.

National Research Council (NRC, 1984) has recommended
23 per cent protein from 0-3 weeks, 20 per cent protein from
3-6 weeks and 18 per cent protein from 6-8 weeks for
broilers with a uniform energy level of 3200 Kcal ME/kg

diet.

—Pesti and Fletcher—(1984) reported that incréasihg
dietary protein from 175 to 220 g/kg from 21 to 42 days in
male broilers increased body weight from 986 to 1090 g.
Gain:Feed ratio increased with increasing protein content,

while body weight gain and abdominal fat were not affected.

Dietary energy levels of 3100 to 3200 Kcal ME/kg of
diet irrespective of feed form resulted in no difference in
mean body weight and feed consumption in broilers upto 28

days of age (McNaugton and Reece, 1984a}.



Significant correlations were found in growing broiler
chicken between the independent variables of metabolizable
energy, protein and added fat contents by Pesti and Smith
(1984). sSignificant linear and quadratic effects were found
in metabolizable energy and protein content on body weight
gain, feed utilization ratioc and food, energy and protein

intake.

Tion et al. (1984) from their feeding experiments in
broilers, concluded that energy and protein variation of the
diets did not significantly influence weight gain, feed
intake or feed conversion efficiency. The dietary
treatments assigned were 25 per cent protein with 3140 Kcal
ME/kg, 22 per cent protein with 3360 Kcal ME/kg and 22 per

cent protein with 3140 Kcal ME/kg.

Jones and Wiseman (1985) fed three isonitrogenous
starter (230 g/kg) and three finisher diets (200 g/kg) with
metabélizable energy content of 10.78, 12.78 aﬁd 14.78 MJ/kg.
to 1512 male and female broilers. Results of their study
showed that broilers fed on the low energy starter diet were
significantly lighter and their carcass c?ntained less
abdominal fat. They also noticed that the_energy content of

the finisher diet had no significant effect on body weight.
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Chaudhary et al. (1985) found that  there waé
compensatory growth in female chicken given 18 per ent
protein in the starter diet than those given 13 per cent
protein when compared with 23 per cent protein fed group in
the starter. Finisher diet contained 20 per cent protein in

all the three groups.

Diambra and McCartney (1985) found that body weight
gain was directly proportional to dietary protein levels in
broilers. Four finisher diets containing 9, 12, 15 and 18
per cent protein and of isocaloric values (3250 Kcal/kg)
were fed to broilers from 42 to 49 days of age. They also
found that there was no significant difference in finisher
feed conversion and total feed conversion between 15 and 18

per cent protein and 12 and 15 per cent protein.

Maximum body weight gain and feed conversion efficiency
were seen in birds fed diet containing 22, 23 and 24 per
cent protein in starter and 20, 21 and 22 per cent protein
in finisher diet than birds fed with 21 per cent protein in
the starter and 19 per cent in the finisher ration. The
energy content of the ration was 2900 and 3000 Kcal ME/kg in
the starter and finisher respectively (Mukhtar et al.,

1985).
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Yaghi and Daghur (1985) conducted experiments in
broilers to determine the possibility of reducing NRC (1977)
recommended protein and found that if NRC recommended levels
of methionine and lysine were met, the protein levels of
starter, grower and finisher ration can be reduced to 20-17-
15 per cent without any significant reduction in body weight

gain, feed consumption or feed efficiency.

Indian Council of Agricultural Research (ICAR, 1985)
recommended the requirements of crude protein and
metabolizable energy for broiler starter ration as 24 per
cent and 2900 Kcal ME/kg and for broiler finisher ration as
19 per cent and 2900 Kcal ME/kg.

Rosebrough and Steele (1985 ) observed that level of
protein -in the diet influenced the level of feed intake.
Broiler chicks were fed with diet containing 23 per cent
protein for one week, then they were allocated to diets
containing 18, 23 or 30 per cent protein for 21 days with
same energy level. . Chicks weré.also fed on 18, 23 or 30 per
cent protein on a three day rotation. They reported that
feed intakes were equal for the 18, 23 and rotational

dietary protein groups and lower for 30 per cent ad lib.

group.



Requirements of protein and energy for broilers were
studied under the maritime monsoon type of climate in Madras
by Babu et al. (1986) by employing three levels of protein
ie. 20, 22 and 24 per cent and three levels of energy ie.
2600, 2800 and 3000 Kcal ME/kg in starter diet (0-5 weeks)
in a 3 x 3 factorial design. In finisher diet (6-8 weeks)
the effect 5f reducing protein level by 2 per cent was
tried. Body weight and feed efficiency of broilers fed with
22 per Eent and 24 per cent protein diets were significantly
higher than 20 per cent group upto 5 wé%s of age. High
energy (3000 Kcal/kg) low protein (20 per'cent) diet reduced
the growth of broilers from 0-5 weeks of age. Reduction of
protein level by two per cent in finisher diet did not -
adversely -affect the body weight. They also reported +that
feed consumption decreased with increased energy in diets at

all protein levels.

Lilburn et al. (1986) reported that the level of energy

in the starter diet had a greater influence on final body
weight than level of protein, but it affected feed
conversion ratio. -Birds fed with 2992 Kcal ME/kg had low

feed conversion (2,092), whereas birds fed on 3090 Kcal

ME/kg had higher feed conversion (1.985).
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Maurus et al. (1987) reported that with increased

protein and energy level body weight of finisher broilers

{6-8 weeks of age) increased.

Omer and Musharaf (1987} compared the NRC
recommendation for broiler diets with low protein diet
(18.8 and 17.9 per cent) and high protein diet (24 and 23
per cent) in the starter and finisher periods in tropics and
found that Body weight at eight weeks was low for high
protein diet than NRC and low protein diet. No difference
in performance was reported with NRC diets and low protein

diets.

Effect of diets with different protein and
metabolizable energy and optimum market age on the broilers
was reported by Nakamura et al. (1988). They fed grower-
finisher diets containing. energy levels of 2900, 3100 and
3300 Kcal ME/kg and protein levels of 16, 19 and 22 per cent
in each of five seasons of the year. They found that when
protein level was high,—_gain of body weight and feed
efficiency progressed, but ratio of abdominal fat dropped
gradually. When metabolizable energy level was high, gain
of body weight, feed efficiency and profit progressed

gradually.
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Baghel and Pradhan (1988 a) studied the effect of
energy and protein levels on body weight gain, feed
efficiency and retention of limiting amino acids in broilers
and found that diet containing 25, 24 and 21 per cent
protein in starting, growing and finishing phases of growth
respectively was responsible for significantly higher weight
gain and feed efficiency. They recommended single energy
levels of 2800 Kcal ME/kg throughout the starter, grower

and finisher period.

Ekermans et al. (1988) reported that in broilers the
rate of gain and efficiency of feed utilization in terms of
g feed/g gain were better on the higher energy level and the
-response was linear. They alsco reported that feed intake in
terms of g feed, was linearly but negatively associated with

energy level, but constant in terms of KJ of ME intake.

Okorie et al. (1988) conducted two experiments to
determine the crude protein and metabolizable energy
requirements of starting and finishing broiler chicks in the
humid tropics. Results of their study showed that, dietary
crude protein levels of 24.5 to 26 per cent in combination
with ME ievels of 11.7 to 12.6 MJ/kg gave faster
growth rates and best feed conversion ratios during +the

starting phase. During finisher period, diets containing
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13.4 MJ ME/kg with 20 to 22 per cent crude protein gave the
fastest growth rates and best feed conversion ratio. In
both the experiments there were significant protein x energy
interaction for feed intake and growth rate, but not for
feed conversion ratio. They concluded that starting broiler
chicks required more crude protein and less metabolizable
energy in +their diets in the humid tropics than similar
genotype 1in temperate c¢limate. The crude protein and
metabolizable energy requirements of the finishing broiler
chicks in the humid tropics, however did not seem to differ
significantly from +those of similar birds in temperate

environment.

For optimum performance a dietary protein of 22 per
cent with 2900 Kcal ME/kg during starter phase (0-5 weeks)
and dur;ng finisher phase a protein level of 17 per cent
with 2700 Kcal ME/kg was found sufficient for broilers

(sudhakar et al., 1988).

Effects of dietary energy levels and sex on broiler
performance and carcass traits were reported by Mendes and
Cury (1988) by feeding diets with 2800, 2950 and 3100 Kcal
ME/kg 1in the starter and 2900, 3050 and 3200 Kecal ME/kg in
the finisher period. They found that weight éain increased
(P <0.01) with increase of dietary energy and chicken gqiven

the high energy diet had the best feed conversion.
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In a Factorial design of 4 x 3 the influence of four
dietary protein levels (23, 21, 19 or 17 per cent) in
combination with three energy levels (3200, 3000 and 2800
Kcal ME/kg) were studied in purebred White Plymouth Rock
chicks by Shyam Sunder et al. (1988). They found that
higher protein levels ie. 23 or 21 per cent produced
significantly better growth compared to 19 or 17 per cent
protein upto five weeks of age. At eighth week, birds fed
19 per cent protein had similar effect as that of higher
levels. Reduced feed intake and better feed conversion
efficiency were noticed in groups fed 23 per cent protein.
Protein x energy interaction effects were better reflected

with 23 per cent protein and 3000 Kcal ME/kg.

Broilers fed with diet containing 20 per cent crude
protein qnd 2700 Kcal ME/kg upto three or four weeks and 22
per cent crude protein with 2900 Kcal ME/kg upto eight weeks
recorded highest body weight gain and best feed efficiency
and was comparable to those fed with 22 per cent crude

protein and 2900 Kcal ME/kg throughout (Reddy, 1989).

Skinner et al.(1990) fed broilers with diets formulated
to contain 3205 to 3520 Kcal ME/kg in increments of 55 Kcal
ME/kg from 42 to 49 days of age and found that dietary
metabolizable energy had no significant effect on body

weight gain.
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Effect of Temperature and Humidity on
Performance of Broilers

The interaction between performance, environmental
temperature and feed intake is of utmost importance in the
formulation of poultry diets for different seasons and

geographical location.

According to Hammond (1950) season of the year
influenced the economic factors involved in breoiler

production.

Adams et al. (1962 a) reported that high environmental
temperature (29°C) reduced growth rate and feed consumption
than thqsé reared at low temperature (21°C). The protein
requirement for maximal growth did not appear to be
influenced by ambient temperature and a level of 17 per cent
protein was adequate in both the environment. They also
observed that poor growth obtained in the 29°C environment
was not due to reduction in protein intake per day since the
protein intake with the higher protein levels in the 29°C
environment was greater than that of the lower protein

levels in the 21°C environment.
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Fisher et al. (1962) stated that the subcutaneous fat
from hens maintained at 0°C was more unsaturated than f;t
from hens maintained at 21°6_or 32°C, but -that there was no
difference in the degrée of saturation between hens
maintained at 21°C or 32°C. The changg noted at 0°C was
accounted for primarily by an increase in dienoic acid.

Adams et al. (1962 b} reported that  higher
environmental +temperature reduced growth and voluntary
iﬁtake of feed. Increasing the energy level of the ration
improved growth rate and efficiency of feed utilisation in
70°F and 90°F. Relatively high temperature especially
during the last few weeks of brooding period could

interfere with optimal growth of broilers.

Millig@n and Winn (1964) studied the effects of
temperatures of 46, 53, 60, 70, 80, 95 and 100°F and
relative hgmidities ranging from 30 to -90 per cent on
broiler performance. They concluded that 60-80°F as optimum
constant temperature for such criteria as body weight gain,
feed conversion, pigmentation and feathering. They observed
that chicken were extremely sensitive +to constant high
relative humidity at constant temperature of 95-100°F.
Gain, 'feed conversion, feathering and pigmentation were

adversely affected. Constant intermediate temperatures of
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60, 70 or 80°F, constant high or low humidities did not

affect chick performance.

Godfrey and Winn (1966) had pointed out that abrupt
increase in temperature combined with low (40 per cent) or
high (80 per cent) relative humidity caused a marked
reduction of growth and feed efficiency, the hot and wet

conditions having greater depressing effect.

parkhurst (1967) stated that temperature from 85 to
95°F did not markedly affect growth and feed efficiency 1in
broilers upto six weeks of age. at six weeks and beyqnd,
broilers started to show temperature effect at 85°F and

above.

Deaton et al. (1968) reported that in broilers reared.
upto 5 weeks at temperature above 26.7°C, body weight gain
was significantly reduced as compared to temperature regimes
below 26.7°C. Feed efficiency was better at higher

temperatures, but mortality was not affected.

— adams and Rogler (1968) comparing constant temperature
of 29°C with varying relative humidity (R.H) of 40 and 80
per cent found that growth rate was superior in 40 per cent

R.H. as compared with 80 per cent R.H. Feed conversion was
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superior for males at 40 per cent R.H. as compared to 80 per

cent R.H. but not in the case of females. -

Depression of secondary immunity by hiéh environmental
temperature has been reported by Thaxton and Siegell (1970).
They noted that young chickens heated at temperatures of
41.7-43.3°C for 30 minute periods produéed only lowered
circulating agglutinins following secondary challenge with

sheep red blood cells.

Rao (1971) observed that weight at hatching was highest
among chicks hatched in spring folléwed by winter, monsoén
and summer. They also noticed a sudden drop in chick size
on the ongset of summer which gradually improved and .reached

to maximum size in spring.

Reece and _Deaton (1971 =) reporﬁed that temperature
shqgig be near 21°C and_{glative huﬁidity 60 per cent to
optimise feed utilisation and body weight gain, for the
growing period of broiler chicken on litter.

Panda and Mitra (1971) reported that growth performance
of December hatched broiler chicks was good although it was

t

slighly lower than January hatched chicks. Next in order
[

were November and February hatched chicks, which were almost
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comparable. The October, March and April hatched chicks

were placed in the order of decreasing performance.

Deaton et al. (1973 a) reared broilers from 4 to 8
weeks of age-in constant temperature of 10° and 21.1°C and
found no difference in body weight gain at 6 and 8 weeks of
age. When a comparison was made with cyclic temperatures,
the birds that were cycled in the moderate and loﬁ
temperature range had more average body weight gain. Thé
amount of feed required to produce a unit of body weight was

higher for the birds reared-in lower temperature.

Growth and feed utilization were equal for broilers
reared from four weeks at-a-24 hour cyclic temperature of
24° to 35° +to 24°C as compared to broilers reared at a

constant ‘temperature of 29.4°C (Deaton et al., 1973 b).

As the rearing temperature increased, the percentage of
abdominal fat increased (Kubena et al., 1974). They also
reported that there was no significant difference in the
quantity of abdominal fat at seven, eight- or nine weeks

of age.

Effect of different temperature regimes on body

composition and carry over effects on energy metabolism of
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~ growing chickens was reported by Swain and Farrell (1975).

Food consumption and growth rate declined with increased
temperature and there was a significant increase in fat and
decrease in water content of the carcass. Metabolizable
energy concentration and nitrogeﬁ retention increased, heat
increment decreased as a result of prior exposure of the

birds to increasing temperture.

Reid et al. (1976) opined that decrease in intake of
feed and consequent reduction in anticoccidial intake could

be the cause of coccidiosis outbreaks in warm seasons.

Influence of climatic condition on prbtein and energy
requirements of poultry was noted by Virk et al. (1976) in
winter and summer; Broiler birds Qere fed with an
isocaloric ration (3000 Kcal/kg) having 18.2, 20.1, 22.5,
24.3 and 26.6 per cent protein. Results showed that the
protein requirement of broiler starter for optimum growth

was adequately met by about 24 per cent dietary protein in

winter as well as in summer. On the other hand, dietary
protein requirement of broiler finisher was about 20 and
22.5 per cent in winter and summer respectively. They also

stated that growth rate was higher in winter than in summer

even when fed with 26.6 per cent protein. This they
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attributed to higher thyroxine secretion in winter than in

summerxr.

Sykes (1977) reported that exposure of bixds to- high
temperature. (35°C) resuClted in reduction in metabolizable
energy intake, but ambient temperature did not increase Or
decrease the requirement of protein. Feed intake of ad lib.
fed birds fell by about 1.5 per cent per degree éelcius

temperature rise, but not linearly.

SiégelT. (1977) reported that short  periods of
temperature outside the range of acclimzatization produced
physiological stress in birds. Under these conditions
endocrino-logical responses mediated by pituitary and
adrenal glands resulted in increased carbohydrate and 1lipid
depositién and decreased muscle protein, consequent growth

suppression.

Harris et al. (1977) studied the influence of the
nutritional variables of dietary enexgy (2970, 3190 and 3410
Kcal ME/kg) and amino acids and their interaction with
relative humidity (30, 50 and 80 per cent) at high
temperature (29.4°C). They found that as the per cent
relative humidity increased, the gain in body weight and

feed consumption were decreased. Increasing the dietary
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energy levels resulted in increased weight gains, reduction

in feed intake and improved efficiency of feed utilisation.

Nesheim et al. (1979) reported that symptoms of heat
stress started at 26.6°C leading to reduéed production
performance. AT 28.4 'to 37.8°C there was reduction in feed
intake and subsequent increase in water intake leading to
damp 1litter and subsequent higher humidity in the - house,

enhancing the adverse effects of higher temperature.

Cowan énd Michie (1978) fed five diets containing
different amounts of proetein (178, 210, 243, 275 and
308 g/kg) to broilers reared at 16, 21, 26 and 31l°C from 27,
21, 11 and 1 days of age. They found that feeding diets
with increased amount of protein did not reduce the growth
rate depreséion of the broilers reared at 26 or 31l°C. ‘ The
birds kept on the 21°C temperature regime grew at a
significantly faster rate than those kept under +the 26°C
regime, which in turn grew significantly faster than +those
on the 31°C temperature regime. Feed intake was down with

each increase in rearing temperature.

Deaton et al. (1978) reared broilers in five
environmental controlled chambers both conétant and cyclic

and found that normal body weight gain and feed conversion
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were attained for broilers reared in the lower temperature

regime {(10°C} when compared to broilers reared in 21.1°C.

Growtﬂ rate was lower for broilers reared at a simulated
summer temperature (23.9 to 35 to 23.9°C) than for those

reared at 2l1.1°C.

A study was undertakeﬁ by Dale and Fuller (1978) to
determine the performance of broiler chicks under conditions
of high environmental temperature. Chicks were maintained in
a comfortable environment (20.5°C) as well as in heat stress
(32.5°C), considered typical of the tropics. They found
that at high temperature chicks prefered a high fat diet and
significantly higher body weight was observed in birds

receiving high fat diet.

Dale and Fuller (1979 a) conducted a study to determine
the extent to which heat stress might be alleviated by
reducing the heat increment of the diet and how much of the
benefit of high fat levels might be attributable to the
increased density of the diet. Results showed that
metabolizable energy intake was increased when fat calories
replaced carbohydrate calories. 1In the high fat treatment,
chicks gained significantly more body weight than did the
high carbohydrate content groups at both temperatures
(31.1+2°C and 20.0+2°Cc) indicating that the beneficial

effect of dietary fat was independent of temperature.
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Dale aﬁd Fuller (1979 b) reported that environmental
temperature - had significant influence on body weight.
Broiler chicks in the cool 13.9+1°C chamber gained
significantly more body weight than those in the hot
(31.1+1°C) chamber. Chicks fed high fat and high fat - high
density diets gained more weight than low fat controls at
both the temperatures with . no diet X temperature
interaction. When temperature was cycled as would. occur

under natural condition the growth depression due to heat

stress was less in chicks fed the high fat diets.

Increasing nutrient concentration increased growth

rate, decreased food intake and improved conversion

efficiency in both winter and summer (Yule et al.. 1979).

The ' effect of ambient temperatufe on nutrient
utilisation of broiler chicks was studied by El Husseiny
(1979). He reared broilers at a temperature of 22°C to 32°C
for 21 days. He found that feed consumption was greater for
birds brooded in the cooler environment. Feed efficiency
was better at warm temperature. No significant difference
was noticed between treatment groups for gain in body

weight.
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Hurwitz et al. (1980) studied the energy requirements
for growth and maintenance in male and female broiler chicks
and turkeys, in environmental chambers for four to five
weeks (12, 19, 28 and 34°C) following the brooding period.
In both the species and sexes the maintenance requirement
decreased with a constant temperature from 12-24°C reaching
a low Dbetween 24 and 28°C followed by an increase as the
temperature was raised further. Weight gain decreased
between 19 and 34°C in broiler chicks. Feeding of high
protein diets tended to reduce but did not overcome the
growth depression by temperature. Feed intake decreased
over the entire range of temperature tested. Feed
efficiency increased with temperature to reach a maximum at
27°C and then decreased between 27 and 34°C especially in

females.

Dale and Fuller (1980) noted the effect of diet
composition on feed intake and growth of chicks under
constant versus cyclic temperature and found that in both
the environments chicks fed high fat-high density diets
gained more weight than thésé fed low fat—-low density diets.
Chicks gained significantly (P < 0.01l) more body weight in
the cool than in the hot environment. When temperature was
cycled as in natural condition, the growth depression due to

heat stress was less in chicks fed the diets high in fat.



Under constant temperature conditions, chicks in +the cool
environment pair fed with those in the hot environment
gained significantly (P < 0.05) more weight than the latter.
This indicated that factors other than reduced feed intake
contributed to the growth depression associated with high
temperature. In hot chamber in addition to reduced feed
consumption panting and wing lifting to dadssipate heat were
frequently 6bserved. This necessitated expenditure of
energy resulting in higher feed conversion ratio in heat
stressed chicks. They also noted that thyroid size was
significantly (P < 0.05) reduced in chicks subjected to heat
stress. This reduced thyroid size was a reflection of
thyroid activity and this in turn might have affected
protein synthesis and subsequent depression of body weight

gain.

Kezhavarz and-Fuller (1980) found no diet x temperature
interaction in Cobb broilers of four weeks of age subjected
to cyclic cold (1.7 to 12.8°C) to cyclic hot (23.7 to 35°C)
temperature and cyclic normal temperature. The birds were
fed with a . control ration (3200:20), low protein diet
(3200:17) ahd low energy diet (2800:20). Body weight gain
and feed conversion were significantly decreased by the
changing temperature programme. Abdominal fat and carcaés

fat were lower for birds in the changing temperature regimes
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within each’ dietary treatment. Energetic efficiency was
greater for birds housed at normal temperature than in the

changing temperature.

As dietary animal fat increased, the amount of
abdominal fat increased in broilers under both moderate
(21°C) and high temperature (29°C) rearing regimes (Deaton

et al., 1981).

Charles et al. (1981) observed no interaction between
temperature and dietary nutrient concentration in a feeding
regime having four temperature ranges from 15 to 27°C and
four nutrient concentrations ie. 13.3, 12.9, 12.4 and 11.7

MJ/ kg at 199, 197, 195 and 188 g protein/kg respectively.

Effect of early heat stress on growth and feed
conversion of day old broiler chicks was studied by Ernest
et al. (1982) and found that body weight of heat stressed
groups was significantly lower than non stressed control

group.

Birds subjected to high temperature stress showed a
significant reduction in live weight, carcass weight, shank
length, keel 1length and ulna length at four weeks of age

(Vo, 1982). Both high (41°C) and low (15°cC) temperature



40

stress significantly increased mortality during the stress
period and also during the post stress period. A
suppression of humoral immunity in temperature stressed
birds was also evidenced by a reduction in primary and

secondary H.I. titres.

The efféct of dietary fat and ambieﬁt temperature on
broiler performance was reported by Weaver Jr. et al.
(1982). They found that birds fed with high fat diet, had
better feed efficiency, but body weight was similar to those
fed a diet containing a lower level of added fat. Birds
under the three lower ambient temperatures (21°¢, 16°, 13°C)
had higher and similar body weights when compared to
broilers on the highest temperature regime (29°C). Feed
efficiency was the best under the higher temperature: regime
{29°C) and lowest under the two low temperature regimes
(16 and 13°C).

Kazuaki  Takahashi et al. (1982) reported that
environmental temperature, dietary composition, oestrogen
and their interaction in%ih;nced hepatic 1lipid deposition
and also suggested that high temperature augmented 1liver

responses to oestrogen. The increases in liver 1lipid was

significantly greater at 23-35°C than at 15-23°C.
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Body weight and feed utilization increased when
broilers were exposed to 15.6°C and fed with 3375 Kcal ME/kg
than feeding 3250 Kcal ME/kg in the same environment’
(Mc Naughton and Reece,  1982). They also reported that when

broilers were reared at 10°C maximum body weight was not

obtained by increasing the—éhergy from 3250 to 3500 Kcal/kg;
Feed utilization was the same when broilers were reared in a
15.6°C environment and fed 3375 Kcal ME/kg as compared to

21.1°C with 3250 Kcal ME/kg.

Processing yields as affected by dietary energy level
in "summer and winter was reported by Janky and Harms (1982).
They found that dietary energy did not affect ready-to-cook
yield in summer, whefeas during winter increasing the
dietary energy level significantly increased per cent vyield,
but had " no effect on shrink or water uptake. Fat- and
moisture of the carcass were affected by dietary energy

level in the summer.

The effect of summer season and cold season on the
production parameters of pure bred broiler chicken was
carried out under maritime monsoon climate of Madras (Nair,
1983). Results of his study showed that high temperature of
tropics decreased growth rate and increased feed conversion.

Fat deposition. was more in summer. Haemeoglobin showed
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tendency towards haemodilution in summer reared birds. .
Ready-to~cook yield indicated no significant difference
between seasons. Carcass composition such as protein and
fat did not show any significant difference between seasons.
In summer maximum temperature reported during the
experimental period was 37.15°C and the minimum 29.21°C and

average relative humidity 62.66 per cent.

Cerniglia et al. (1983) conducted 2 trials using Cobb
broilers +to determine the effect of constant ambient
temperature on growth and feed consumption of broilers
offered diets varying in energy and protein levels. Constant
ambient temperature of 18_and 29°C in trial I and 24 and
35°C in +trial 2 were allotted. The results of the study
showed that the eighth week body weights were significantly
greater (P < 0.05) for those birds at 18°C than 29°é in
trial I and for those birds reared at 24° than at 35°C in
trial 2. The birds reared at 18 and 24°C consumed
significantly (P < 0.0l) more feed, energy and protein than
those birds reared at 29 and 35°C. Birds reared at 29°C_
were significantly more efficient in their wutilisation of

feed consumed than those at 1l8°cC.

Energy and protein requirements of broiler chicks in

the humid tropics were studied by Onwudike (1983). Broiler



43

chicken were given diets containing protein levels of 20,
22, 24 and 26 per cent with energy levels of 2800, 3000 or
3200 Kcal ME/kg. He found that daily feed intake dropped
significantly -"as dietary energy increased beyond 2800
Kcal/kg. Feed efficiency significantly increased as dietary
protein increased from 20 to 22 and 24 per cent, while an
increase to 26 pef cent caused a drop in feed efficiency.
Increasing dietary energy beyond 2800 Kcal  ME/kg
significantly increased feed efficiency. He found that a
ration containing 22 per cent protein and 3000 Xcal ME/kg

was adequate for broilers in the tropics.

Weaver Jr. et al. (1983) found that body weight was
significantly lower and feed efficiency was similar for
broilers under high ambient temperature (32°C) when compared
to birds reared at 29°C for the first week and reduced 2.8°C
each week until room temperature reached 21, 18 and 13°cC.
Broilers fed diets with the higher level of added' fat had
lower feed to gain ratios and similar body weights when
compared to birds fed diets containing low.levels of fat.

The effects of temperature and age on bedy weight
and. feed efficiency of broiler chicken was reported by
Reece and Lott (1983). They found that growth rate of

commercial broilers decreased as environmental temperature
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increased. The growth rate at 26.7°C was 6 per cent less at
35 days and 10 per cent less at 55 days of age than at
15.6°C. There was no difference in feed conversion between
broilers grown at 21.1 and 26.7°C. Feed consumption per
unit of weight was more at lower temperature than at 21.1 or
26.7°C. At 49 days of age thé birds grown at 15.6°C

required 16 per cent more feed than at 26.7°C.

Four levels of protein ie. 17, 18, 19 and 20 per cent
with two dietary metabolizable energy levels ie. 3032 and
3109 Kcal/kg were used by Reece et al. (1984 ) to formulate
eight grower-finisher diets to study the effect of feed
form, protein profile, energy levels and Qender in broiler
performance in a warm (26.7°C) environment. They found that
best feed conversion was with high protein (20 per cent)
diet given as crumbles than low protein diet in mash form.
At 20 per cent protein level, feed conversion incréased by
two per cent by increasing the metabolizable energy levels

from 3032 to 3109 Kcal/kg.

Lowering the temperature from 26.7 to 21.1°C during the
cool portion of the 24 hour period in summer significantly
increased body weight at 48 days of age in broilers (Deaton

et al., 1984).

[
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Response of broiler chicken to dietary energy and
lysine level in a warm environment (26.7°C) was studied by
McNaughton and Reece (1984 b). They fed broilers with diets
containing 3100, 3175, 3250 and 3325 Kcal ME/kg with either
'0.308 or 0.322 per cent lysine per M cal/kg with a constant
dietary protein level (18.7 per cent). Results of their
study suggested that the body weight respense  to dietary
energy level occured only when broilers were reared " in a
warm environment with adequate amino acids. They'
recommended dietary energy requirement as 3250 Kcal ME/kg of
feed when 23 to 47 day old broilers were fed 0.322 per cent

lysine per Mcal/kg and reared in hot environment.

Body ‘'weight gain and feed efficiency at high
temperature can be improved by increasing the energy content
ﬁof diet, ‘at the same time inducing a slight dietary amino
acid deficiency (Sinurat and Balnave, 1984). They found
that, this stimulated food intake and thereby increased body

weight gain, but was associated with an increased body fat

content.

North (1984) reported that when the atmospheric .
temperature increased to 37.8°C, feed intake decreased from

100 g/bird/day to 48 g/bird/day.
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Sinurat and Balnave (1985) reported that increasing the
dietary metabolizable energy at particular amino acid;
metabolizable energy ratios, significantly improved growth
and food utilization of broilers kept at moderate (18 to
26°C) and high (25 to 35°C) ambient temperatures from 22
days of age. Whereas increasing the dietary protein at
particular metabolizable energy concentration had little or
no effect on food intake and growth rate of broilers kept at
high temperature. They also found that supplementation with
dietary fat had no beneficial effect on performance at high

temperature.

Lower body weight and higher feed consumption were
recorded in October hatched chicks than September hatched
broiler chicks (Joshi and Kumar, 1986). In September
ambient temperature ranged froﬁ 22 to 32°C during day and
from 7° +to 10.5°C at night and corresponding figures in

October were 14.0 and 23°C and -2° to -7°C.

Bartov (1987) reported that weight gain and feed intake
were not affected by dietary fat sources in broiler chicks

reared in summer and winter.

The deleterious effect of hiéh temperature on broiler

performance was studied by Al-Fataftah (1987) in Jordan. He
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reported that exposure of broilers to high temperatufe
(exceeding 29°C) significantly decreased feed intake, feed

efficiency and body weight gain.

Smith and Teeter (1987) reported the influence of feed
intake and ambient temperature stress with relative yield of
broiler parts. They found that free feed intake increased
by 25 per cent and decreased by 10 per cent as.the ambient

temperature was reduced to 7.2°C or increased to 35°C

respectively. . Growth rate and feed efficiency deressing
percentage and yield of edible parts. wave optimum at
23.9°C.

Effect of interaction between various protein and
metabolizable energy concentration under high ambient

temperature on the growth performance of broiler chicken was

investigated by Husseini é; al. (1987). They found that
broilers performed best when given 20 per cent dietary
protein with metabolizablgu?ggrgy of 14.24 MJ/kg.

Abasiekong (1987) reported the effect of environmental
temperature on. broiler meat production. He found that feed
intake of broilers was significantly depressed at 35°C than
23°Cc., Feed intake was 69.6+0.11 g at 23°C and 56.6+0.02 g

at 35°cC. Feed conversion efficiency was significantly
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(P<0.05) better (2.30+0.006) under high ambient temperature

(35°C) than at 23°C(2.5+0.001).

Exposing broiler chicks to mild heat stress (35 to
37.8°C) for 24 days at 5 days of age significantly reduced
mortality from high environmental temperature later in 1life
(Arjona et al., 1988). They also noted that feed efficiency
was improved significantly in early heat stressed ' birds,

whereas body weight gain was not affected.

Baghel and Pradhan (1989 a) reported that average liver
weight was maximum in cold season (December 21 to February
15) followed by hot humid {(July 10 to September 4) and hot

season (May 10 to July 5).

Effect of protein level and stocking density on broiler

performance in different seasons was reported by Al-
Ribdawi and Singh (1989). Three factorial experiments
were designed using three stocking rates (10, 15 and

20 birds/sq.m.), three levels of protein (26, 24 and 20
per cent) and three seasons (hot-humid, hot-dry and cold).
Results of their study showed that body weight gain was
maximum in cold season (1158.6 g) followed by hot-humid
(836.1 g) and hot-dry season (734.8g). Daily feed intake

was affected by stocking rate, protein level as well as
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season. Daily feed intake of 104.7 g in cold, 77.9 g in hot
humid and 64.9 g in hot dry season was reported by them.
Feed conversion were 2.96, 2.95 and 3.10 for the three

seasons.

Thiagarajan (1989) reported a maximum temperature of
29.36°C to 37.79°C and a minimum temperature of 22.33 to
25.93°C from April. to July in 1988 and relative humidity of

55 to 87 per cent at Mannuthy.

Effect of environmental temperature on protein and
energy requirements of broilers reared in Taiwan was studied
by Koh et al. (1989) wusing a factorial design with
metabolizable energy levels of 3200, 3040, 2880 Kcal/kg and
2 levels of proteins in cool and hot seasons from 0 to 8
weeks old. Average temperature was 16° and 18.6°C for cool
seasons and 30° and 30.6°C for hot season. Feed intake and
weilght gain in hot season were 15-20 per cent lower than in
the cool season. Weight gain of broilers fed on a high
energy diet was significantly higher than of those fed on a
low energy diet. There was no difference between cool and

hot seasons in feed efficiency and energy and protein

requirements per unit weight gain.
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Osman et al. (1989) conducted two experiments to study
the effect of environmental temperature on growth and
carcass quality of broilers. They found that higher
temperatures (30-32°C) reduced the body weight gain and feed

efficiency.

Influence of dietary energy and protein levels on the
utilisation of metabolizable energy in broilers during the
hot-humid season was reported by Baghel and Pradhan (1991).
Results of their study showed that the metabolizable enexgy
required for maintenance was significantly low, while for
growth it was significantly high in birds receiving higher
levels of protein. Conversely the metabolizable energy
required for growth and maintenance per kilogram weight gain
increased in broilers receiving higher levels of energy in

their diet.

Multani et al. (1991) reported the effect of three
dietary protein levels (20, 22 and 24 per cent) and three
energy levels (2500, 2700 and 2900 Kcal ME/kg) in broilers
in autumn {(November-December), winter (January-March),
summer (May~-June) and rainy season {(July-September) .
Results of their study showed that birds fed with 24 per

cent protein had significantly better body weight gain in

summer and rainy seasons. In birds fed - with 2900 Kcal



51

ME/kg, the performance in terms of body weight gain and feed
conversion efficiency was significantly better in all
seasons. Protein and energy Ainteraction was better
reflected with 20, 22 or 24 per cent proteiﬁ with 2900 Kcal
ME/kg in autumn and winter, 24 per cent protein with 2700
Kcal ME/kg in summer and 24 per cent protein with 2900 Kcal

ME/kg in rainy season.

Abdominal Fat and Carcass Composition

Growth rate, feed consumption, body composition and

feathering of broiler chickens have been shown to be

influenced by the ratio of energy to protein content of

ration.

Fraps (1943) reported that quantity of fat stored in
growing chicken can be regulated to a certain extent by
adjusting +the composition of ration fed. The substitution
" of cotton seed 0il for corn meal in the ration had a marked
effect upon the fat content. AaAddition of 10, 20 and 30 per
cent cotton seed oil in the ration increased the fat content
from 5.4 per cent to 11.2 per cent and the protein decreased

slightly from 20.9 to 18.6 per cent.
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Spring and Wilkinson (1957) studied the influence of
dietary protein and energy level on body composition of
broilers. The results showed that at two weeks of age
increasing dietary protein from 22 to 28 per cent increased
body protein (18.3 to 18.5 per cent) and water (71.5 to 73.6
per cent) and decreased body fat (6.7 to 5.0 per cent).
Increasing dietary energy from 1200 to 1500 cal/lb decreased
body protein and increased body fat (4.4 to 7.8 per cent).
At 8 weeks of age increasing dietary energy caused increased
weight gain and body fat (6.0 to 9.1 per cent) but decreased
body protein (22.1 £o 21.2 per cent) and water (69.6 to 67.8
per cent).- Increasing dietary protein level had no effect
on gain but decreased body fat (8.6 to 5.9 per <cent) and

increased body protein (21.3 to 21.8) at 8 weeks of age.

Adams et al. (1962 a) studied the effect- of
environmental temperature on the protein requirement of male
broilers between 4 and 8 weeks of age. Results of their
study showed that increasing temperature had little effect,
if any, upon carcass composition. Increasing the protein

level of the diet decreased the carcass fat (P < 0.05).

The influence of dietary fat and environmental
temperature upon chick growth and carcass composition was

reported by Mickelberry et al. (1966). They found that
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elevated temperature markedly retarded growth and feed
consumption but had no influence upon either the moisture,
fat, Iodine Value, total cholestrol content oxr the fatty
acid composition. An overall trend of the carcass fat to be
similar to the derived dietary fat was observed in both

Icodine Value and fatty acid composition.

Wolford (1971) evaluated the effect of diet and
temperature on the accumulation of liver lipid.  He f£found
that housing the birds in cool environment (l17°C) for 28
days significantly reduced the liver lipid level (9.0 g Vs
24.3 g/100 wet liver weight) in comparison to those birds

housed in a warm environment (26.7°C).

Body éomposition of chicks as influenced by
environmental temperature and selected dietary factors was
reported by Kubena et al. (1972). They found that there was
a significant decrease 1in carcass ether extract with a
concomitant lincrease in moisture content with decreasing
temperature. Carcass from birds reared at 18.3°C and 29.4°C
receiving a diet containing lower energy (2877 Kcal ME/kg)
contained significantly less ether extract than carcasses of
birds receiving the higher energy diets. At 18.3°C birds
receiving low protein diet contained significantly more

ether extract +than carcasses of birds receiving +the high



protein diets. Protein level did not significantly affect

carcass composition at 29.4°C.

Bartov et al. (1974) reported that -fat content of

liver and thigh muscle was not affected by different

calorie-protein ratios.

Poultry meat. contained a higher proportion of
unsaturated fatty acids than fats from red meat. Low Iodine
Value indicated saturated fats and higﬁ ones unsaturated
(Mounté?, 1976). He reported 28-30 per cent of saturated
fatty acids in chicken fat and an Iodine Value of 63-80.
Scott et al. (1976) reported Iodine Value of 80 in chicken
fat. Waldroup et al. (1976) reported that broilers fed with

higher energy diets had greater abdominal fat.

Increasing the energy : protein ratio caused increased
fat deposition with increase in the proportion of palmatic
and oleic acid and a decrease in linoleic acid (Bartov and
Bornstein, 1976). They also reported highly significant
negative correlation between the degree of fatness and on
unsaturation of abdominal fat (expressed as Iodine Value)
among individual broilers fed on the diet of lowest E:P
ratio. When the E:P ratio was 0.536 the Icdine Value of

abdominal fat was 70.7 and that of thigh muscle fat was
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82.5. Iodine Value varied with the energy content and

type of fat.

Farr et al. (1977) reported that energy content of the
ration "significantly affected live weight, dry carcass

weight and abdominal fat weight.

Influence of energy system and levels of various fat
sources on the perforimance and carcass composition of
broilers were reported by Griffiths et al. (1977). They
found that dietary fat levels of 0, 3, 6 and 9 per cent had
no significant effect (P < 0.05) on carcass composition or
abdominal fat pad size. At zero per cent added fat they
found abdominal fat of 0.596 g per 100 g body weight and
28.4 per cent fat and 57.0 per. cent carcass protein, whereas
at six per cent added fat, 0.683 g abdominal fat per 100 g
body weight, 31.4 per cent carcass fat and 55.5 per cent

carcass protein.

Four commercial strain crosses were used to study
strain differences in abdominal fat deposition by Griffiths
et al. (1978). The birds were fed with commercial ration
containing 24 per cent crude protein and 2970 Kcal ME/kg‘
upto four weeks and finisher ration containing 18 per cent

crude protein and 3080 Kcal ME/kg upto 8 weeks. Strain
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differences were noted in abdominal fat deposition. At
eighth week abdominal fat (as per cent body weight) was
2.44, 2.35, 2.76 and 2.66 for all the four strains. Carcass
fat (as per.cent dry matter) was 47.4, 44.9, 46.5 and 47.9

respectively for four strains.

Birds receiving low protein diet had less carcass
protein and moisture and more carcass fat than the  birds
receiving the high protein diets (Twining-et al., 1978).
They also reported that there was strain x sex effect in
carcass fat deposition. Cobb x Cobb broiler had greater

carcass protein (19.65 per cent) and less fat (15.19 per

cent)} than the Hubbard x Hubbard crosses.

The ratio of protein to fat in the carcass of chicken
broilers 'was influenced by such diverse factors as diet
composition, environmental temperature, type of housing, age
and sex (Summers and Leeson, 1979). They found that energy
intake was the main factor influencing. abdominal fat
deposition. The abdominal fat content varied from 1.60 to

2.90 per cent of body weight.

Keshavarz and Fuller (1980) found that the abdominal
fat and carcass fat as per cent body weight, were lowered in

the hot and c¢old temperatures than in normal temperature.
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They reported abdominal fat per cent of 1.01 and 0.89 in the
hot (23.9-35°C) and cold temperature (1.7-12.8°C)
respectively than in normal (12.8-23.9°C) temperature (2.03
per cent). Carcass fat per c¢ent was 10.05 for hot

temperature and 11l.41 per cent for normal témperature.

Hargis and Creger (1980) reported that deletion of
added fat from the diet during the first seven days
decreased the per cent abdominal fat by 0.57 per cent ané
0.85 per cent. As the metabolizable energy level increased
frofmi 2550 to 2750 Kcal/kg the per cent. of abdominal fat
increased from 0.97 per cent to 1.82 per cent of the total
body weight. 1In the finisher diet when the protein level
increased from 27 per cent to 30 per cent, the abdominal fat
decreased from 1.53 per cent to 0.85 per cent of the total

body weight.

Leeson and Summers (1980) reported abdominal fat per
cent of 2.0+0.3 and 4.140.8 for male and female broilers
respectively and percentage body fat of male broilers at 56

days of age'as 21.1+42.7 and for females 23.3+2.9.

Broadbent et al. (1981) reported the chemical
composition of broiler chicken at 56 days of age. Meat of

male broilers contained fat 57.8, protein 211.2, ash 10.9
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and moisture 719.2 g/kg and that of females contained fat
56.5, protein 211.0 and ash 10.9 g/kg. Liver of male
broilers contained 125.9 g fat, 174.1 g protéin and 11.3 g
ash/kg and in case of females 230.3 g fat, 154.3 g protein

and 10.2 g ash per kilogram.

Mabray and Waldroup (1981) found that through dietary
manipulations carcass of widely varying abdominal fat pad
size could be produced. They fed diets containing 2970,
3190 and 3410 Kcal of ME/kg for 57 days. They also reported
that the degree of fatness could be significantly reduced by
increasing the dietary amino acid levels within a given

energy level.

Touchburn et al. (1981) reported that increasing the

ratio of energy protein increased fat deposition.

Trinadade et al- (1982 a) fed diets containng 16, 18, éO
per cent protein with 3000 Kcal ME/kg. to Hubbard broilers
from 4 to 8 weeks of age and found that abdominal fat
inversely related to dietar; protein level and ranged from

1.9 to 3.30 per cent of body weight in male and from 2.70 to

3.70 per cent in female chicken.
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Trinadade et al. (1982 b) fed 18, 20 or 23 per cent
crude protein with 3000 or 3200 Kcal ME/kg to Hubbard
broilers and reported that abdominal fat deposition was not
affected by feeding different protein or energy, but amount

of protein and fat in leg muscle and abdominal fat

deposition were affected by dietéry energy:protein ratio.

The effect of alteration in nutrient density in carcass
composition and efficiency of nutrient utilisation was
reported Dby Jackson et al. (1982). They fed day-old
broilers with diets varying in protein (16, 20, 24, 28, 32,
36 per cent) and energy (2600, 3000, 3200, 3400, 3600 Kcal.
ME/kg) to 49 days of age. They found that abdominal and
total carcass fat contents responded similarly to alteration
in dietary energy and protein. Birds fed with 20 per cent
dietary protein had 46.2 per cent carcass fat and 44.9. per
cent carcass protein on dry matter basis. The abdominal fat
was 2.55 per cent of live weight. Whereas group fed with 24 -
per cent dietary protein had 42.4 per cent carcass fat and
47.7 per cent carcass protein on dry matter basis and 1.92
per cent abdominal fat on per cent live weight. Maximum
protein deposition occurred with the 20. per cent crude
protein diet. Increasing dietary protein produced carcass

that were lower in fat and higher in protein. Increase in

carcass fat and decrease in carcass moisture and protein
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contents occurred with increase in energy intake. Abdominal
fat pad weight was significantly (P < 0.01) increased as
dietary energy increased. ___ _

Highly significant (P < 0.01) correlation was reported
between live weight and abdominal fat weight, live weight
and per cent abdominal fat and fat weight and fat thickness
by Sonaiya and Benyi (1983). They also reported that
correlation between age and per cent abdominal fat was

significant (P < 0.05).

Leclercqg (1983) found that increasing dietary protein

increased abdominal fat deposition.

Pesti (1983) reported that abdominal fat pad weights
were indirectly proportional to dietary protein content. The
fat pad weights were 10.2, 9.0 and 8.0 g‘for the 18 per
cent, 22 per cent and 26 per cent protein diets

respectively.

Onwudike (1983) reported that amount of carcass fat
decreased as dietary protein increased and increased as

dietary energy increased.
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Abdominal fat percentage of the eviscerated carcass was
positively correlated with abdominal fat weight (0.98) and
carcass fat weight percentage (Chambers and Fortin, 1984).
They fed broilers with starter ration containing 23.5 per
cent crude protein and 3155 Kcal ME/kg and finisher ration
containing 20.8 per cent crude protein and 3210 Kcal ME/kg
andl_E}rds were slaughteEgd at 47 days and 61 days in
experiments 1. and 2 respectively. The abdominal fa£
weights recorded were 34.0 + 2.6 g and 38.7 + 3.3 g for the
two groups. Chemical cggpgsition of body showed fat

percentage of 14.5 + 0.3 in experiment 1 and 14.8 + 0.5 in

experiment 2.

'Reduction of abdominal fat by dietary energy and
protein manipulation was reported as minimal by Lawin et al.
(1984) from a study to find the effect of dietary energy and
protein on growth and abdominal fat at seven weeks of -age.
They found that feeding low energy diets (2700 to 2800 Kcal
ME/kg) versus high energy diets (3200 to 3300 Kcal ME/kg)
significantly (P < 0.05) reduced abdominal fat from 3.38 to
2.77 per cent of live weight. They also reported that a
high protein feeding programme (25, 23 and 21 per cent for
starter, grower and finisher diets) ﬁ%sus a low protein
feeding programme (23, 21 and 19 per cent) reduced abdominal
fat from 3.3 to 3.0 per cent of 1live weight, but this

reduction was not significant.
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Broiler chicks fed with two dietary regimes (27.7 per
cent protein and 2800 Kcal ME/kg and 24.4 per cent protein
and 3000 Kcal ME/kg) did not showed significant difference
for per cent moisture, protein, ether extract and ash
content of meat. The means of per cent moisture, protein,
ether extract and ash content varied from 73.27 to 75.08,
19.05 to 19.72, 2.99 t6 4.88 and 0.94 to 1.21 respectively

(Mahapatra et al., 1984).

The role of protein level and form of diet on abdominal
fat pad deposition of broilers were studied by Marks and
Pesti (1984). They found that chicks fed with higher
protein diet had less abdominal fat than those fed lower
protein diets. Birds fed 26, 22 and 17 per cent protein had
abdominal fat pad weight of 7.95, 8.97 and 10.18 g and 1.42,

1.62 and -2.08 per cent fat respectively.

March et al. (1984) reported that mean weights of
abdominal fat pads were inversely related to dietary

concentration of protein between 20 and 35 per cent.

Lipid characteristics of broiler carcass fat as
influenced by strain, diet. and age was reported by Reddy and
Varadarajulu (1984). Commercial broiler strains were fed

three levels of dietary energy with C:P ratio of 168.1,
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151.7- and 141.5:1 from 35-days of age until slaughter at 56
or 73 days. They found that fatty acid composition of
abdominal fat samples was not significantly affected by
strain or diet. Fat from-ybunger bird had significantly
lower Iodine Value (67.022) than fat from older birds
{(71.470). Fat from birds fed 1low energy diet had
significantly higher Todine Value (72.230) than fat from

birds fed standard energy and high energy diets (68.230).

The proportion of abdominal fat and total carcass fat
deposited were lower - for birds fed on the low energy
finisher was reported by Jones and Wiseman, 1985 from a
feeding experiment in broilers with iso-nitrogenous starter
and finisher diet with metabolizable energy content of

10.78, 12.78 and 14.78 MJ/kg.

Rosebrough and Steele (1985 %) reported that total body
fat was lowest in broilers fed with 30 per cent protein diet
than those with 18 or 23 per cent protein. Total body
protein .deposition was greater in birds fed the diet
containing 23 per cent protein than the birds fed the diet

containing 30 per cent protein.

Carcass composition of broilers fed three levels of

protein (20, 18 and 13 per cent) followed by 20 per cent
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finisher protein was reported by Chaudhary and Aggarwal
(1986). Results showed that per cent protein content of
meat increased with increase in age, however, with a
decrease in protein in feed, the percentage protein of meat
decreased. An increase in per cent of ether extract content
of meat was noted in birds fed low protein diets. The
percentage ether extract reported was 16.00, 19.15 and 20.33
at 8 weeks of age for group fed 20, 18 and 13 per cent
respectively. -

Smith and Teeter (1987) reported that abdominal fat

increased with increasing feed intake at all temperatures.

Wurzner et al. (1987) reported fat content of 27 and
36 g for male and female broilers and crude protein content
of 18.6  and 17.5 per cent. They also reported body- fat

content of 17 and 20 per cent for males and females.

Jenson et al. (1987) reported that abdominal fat
content in market broilers was influnced by the composition

of diet fed during the first week of life.

Effect of varying protein and supplementary fat levels
on abdominal fat deposition in broiler chicken was reported

by Kanat (1987). He stated that abdominal fat pad weight



65

decreased significantly as dietary protein increased.
Addition of fat in the diet caused significant increase in

abdominal fat pad weight.

Al-Fataftah (1987) reported that exposure of broilers
to temperature exceeding 29°C decreased the carcass weight

and edible yield and increased the abdominal fat content.

Effect of different protein and energy levels on the
broiler performance was reported by Nakamura et al. (1988).
They found that ratio of abdominal fat dropped when level of

protein in the diet was high.

— Babu et al. (1987) fed_diets with three protein (20, 22
and 24 per cent) and three energy (2600, 2800 or 3000 K cal
ME/kg} 1;vels upto five weeks in broilers and from 6 to 8
weeks 20 birds at random in .each treatment were continued
with the same diet and the other 20.birds with two per cent
less protein diets. They found that increasing the energy
content at a particular protein level showed a slight
increase in fat in the carcass. They also reported that
ether extractives of carcass ranged from 30.22 to 46.76

per cent.
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Increased deposition of abdominal fat due to increased
levels of energy in the diet was reported by Baghel and

Pradhan (1988 a).

Effect of different protein and energy levels on the
broiler performance was reported by Nakamura et al. (1988).
They found that ratio of abdominal fat dropped when level of

protein in the diet was high.

Mendes et al. (1989) reported that abdominal fat
increased as the energy level of the diet increased (P<0.01)

and the females presented higher (P < 0.0l1) abdominal fat.

Akiba et al. (1989) reported that hepatic lipid
accumulation can be reduced by either protein or fat content
in diets, while it was increased with an increase in

carbohydrate content.

Abdominal fat content was positively correlated with
dietary energy and was higher in broilers reared in the cool
season (Koh et al., 1989). They also reported that broilers

fed on high protein diet had decreased abdominal fat.
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CarcafSs Yield

Jull (1951) reported the eviscerated yield of broilers
as 66 to 76 per cent and loss due to blood as 3.5 to 4.5 and

feather loss as 4.5 to 7.5 per cent.

The effect of diet and sex of broilers on meat yield
was investigated by Kondra et al. (1962) who observed that
edible meat as per cent of eviscerated weight was not

influenced by the level of energy or protein in the diet.

Essary et al. (1965) reported that different level of
added protein and fat fed to broilers from one day to 10

weeks of age did not appreciably influence dressing

percentage.

Mathur and Ahmed (1968) reported total yield of 71.08
per cent in male broilers and 71.13 per cent in female
broilers at 10 weeks of age. Total blood loss was 4.44 per
cent for males and 4.23 per ceﬁt for females. Total feather
loss was 4.33 per cent for males and 5.86 per cent for

female broilers.

Hayse and Marion (1973) observed that broiler males and

females had 72.04 and 70.08 per cent eviscerated yvield;



68

73.48 and 75.23 per cent edible yield respectively at eight

weeks of age.

Diets containing of 3005 and 3304 Kcal ME/kg produced
eviscerated and ready-to-cook yield significantly higher
than— those obtained with level of 2614 Kcal ME/kg

(Janky et al., 1976).

Mellor and Fowler (1977) observed that birds grown on
the low energy diet (3110 Kcal ME/kg) had significantly more
shrink and significantly less carcass yield, than birds on
either the medium (3270 Kcal ME/kg) or high energy (3470
Kcal ME/kg) diets. There was no statistically significant
difference between medium and high energy diets on either

shrink or yield.

Percentage carcass vield was not affected by protein
levels of 24, 22 or 20 per cent with 3100 Kecal ME/kg in
males and 24, 20 or 16 per cent protein with same energy in

females (Moran Jr., 1979).

Nesheim et al. (1979) reported that the dressed weight
of broilers rénged from 83.2 to 87.8 and eviscerated weight

with giblets from 65.6 to 71.7 per cent.
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The effect of controlled temperature (4.4, 12.7, 23.9
and 32.2°C) on the percentage edible yield of broiler and
laying stock reared from four to nine weéks of age was
determined by Huggins and Lewis (1980). They found that
higher temperature (23.9 and 32.2°C) caused a reduction in

edible yield of broiler stock.

Differences due to strain, sex and dietary ‘energy
on broiler processing parameters were reported by
Satterlee et al.(1980). They found that feeding high energy
diet significantly elevated body weight, carcass weight;
carcass yield, abdominal fat and percentage of dressed
carcass weight.

Broadbent et al. (1981) observed that eviscerated
carcass with giblets as 70243.6 g and 690 +4.7 g/kg for male
and female broilers respectively. The loss of approximately
300 g/kg of the 1live weight in preparing carcass was-
accounted as follows: blood 34+1.5 and 35+3.5 g/kg,
feathers 60+3.0 and 69+3.5, head 29.9+0.7 and 28.4+0.6, feet
and shanks‘ 43.3+0.7 and 34.5+0.4, wing.tips 24.9+41.5 and
29.7+1.2; abdominal.fat 27.1+0.9 and 28.1+40.9; viscera and
fat contents 72.1+1.5 and 73.7+2.9 g/kg for males and

females respectively.
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Moran Jr. (1980) from his studies reported that
apparent carcass yield, grades for conf@rmation, fleshing
and finish were not influenced by mafginal dietary protein
changes during the starting period.

Carcass, organ and by-product weights as related to
live weights of male and female broilers were reported by
Benoff (198l). The per cent dressed carcass yield were 66.6
and 66.7 for the male and female respectively. The
percentage of feathers, blood, head, feet, viscera, 511
gland and crop were 5.4, 3.9, 3.0, 4.6, 5.8, 0.15 and 0.68
per cent ;egpéckively. Neck, gizzard, liver and heart
percentages for the sexes combined were 4.5, 1.6, 1.7 and

0.45 respectively.

Trinadade et al. (1982 b) observed that carcass yield
was 1.8 per cent less with broilers fed 3200 Kcal/kg than

birds fed with 3000 Kcal/kg.

“~Pesti and Fletcher (1983) fed broilers with five levels
of dietary protein (17.5, 18.6, 19.8, 20.9 and 22.0 per
cent) and five levels of metabolizable energy (12.13, 12.68, °
13.18, 13.73 and 14.23 MJ/kg) and reported that carcass fat

increased with increasing dietary energy and decreased with
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increasing dietary protein. Dressed weight and mortality

was not affected by dietary protein or energy levels.

Orr and Hunt (1984) reported the carcass yield of eight
commercial strains and found that carcass weight expressed
as percentage of live weight ranged from 69.9 to 71.5 per

cent (based on water chilled carcass weight).

Effect of diet, strain and sex on the carcass yield and
meat quality of broilers was reported by Mahapatra et al.
(1984). They fed ration containing 27.7 per cent protein and
-2800 Kcal ME/kg and 24.4 per cent protein and 3000 Kecal
ME/kg to broilers and the carcass characteristics and meat
quality were studied. They reported that diet had no
significant effect on live weight at slaughter, eviscerated
carcass Geight, éiblet weight and total yield. However the
per cent shrinkage in live weight was significantly higher
in birds reared in low protein and energy diet. The means
of per cent moisture, protein, ether extract and ash content
varied from 73.27 to 75.08, 19.05 to 18.72, 2.99 to 4.88 and
0.94 to 1.2]1 respectively. Differences among treatments
were statistically non-significant for the above chemical

composition.
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Rosebrough and Steele (1985 b) observed that broilers
fed with diet containing 23 per cent protein had
significantly smaller liver size than those fed 18 or 30 per

cent protein diet.

Wurzner et al. (1987) reported dressing percentage of

77.2 and 78.2 in male and female broilers respectively.

M%%us et al. (1987) reported that percentage carcass
yield was not affected by different energy and protein

levels during six to eight weeks of age in broilers.

Effect of dietary protein and energy on broiler carcass
characteristics were reported by Babﬁ et al. (1987). The
results showed that New York dressed- weights betweeh.
differentj treatments were highly significant (P < 0.01).
R-te-C weight of broilers-fed different dietary treatmeﬁt;
ranged from 74 to 79.35 per cent and were not significantly
different ' in different treatments. Giblet weight of
broilers ranged from 5.62-to—6.90'per cent of R-to-C weight.
The chemical composition exhibited significant difference.
Fat as ether extract of carcass ranged from 30.22 to 46.76
per cent. Increasing the energy content of the ration showed
a slight increase in fat in the carcass. Reducing the

protein level by 2 per cent in finisher diets tended
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to increase the ether extract of carcass significantly

(P < 0.05).

From a study on the influence of feed intake and
ambient temperature; Smith and Teeter (1987) reported that
dressing percentage and yield of edible parts were optimum
at 23.9°C. They also reported that at higher temperature

there was decrease in ready-to-cook weight.

Abasiekéng (1987) reported the effect of environmental
temperature on broiler carcass composition. He reported
that dressing percentage improved significantly under 25°C
(82 per cent) then at_23°C (78.2 per cent). While the
proportion of inedible parts was higher (P < 0.0l1) for birds

under 23°cC.

Baghel and Pradhan (1988 b) reported influence of
dietary energy, protein and limiting amino acid levels on
live weight and dressing yield in broileré. In each phase
three levels of energy 2800, 3000 and 3200 Kcal of ME/kqg,
each with four levels of protein ie. starter 20, 22, 23 anq
25‘per cent, grower 18, 20, 22 and 24 per cent and finisher
16, 18, 19 and 21 per cent were tested. Resﬁlts showed that

total” "processing losses as well as meat yields were not
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influenced by the energy-or protein levels. Total meat

yield of 69.6 per cent was obtained from their study.

The influence of four protein levels ie. 17, 19, 21 and
23 per cent in combination with three energy levels 3200,
3000 and 2800 Kcal ME/kg diet on the 1live and meat
characteristics of eight week old broilers were studied by
Shyam Sunder et al. (1988). They reported that live weight,
breast angle and shank length were significantly influenced
by the level of dietary protein but not energy. Increase or
decrease in protein and energy levels on diets had no effect
on per cent evisceration weight, total meat yield and cut ub
parts except that the low energy diets produced heavier legs
than others. Giblet weight was inversely related to dietary
density. They reported shrinkage, eviscerated yvield, total
yield, blood, feather, offal and total loss in per cent live
weight of broilers as 3.61 to 6.99, 65.74 to 67.94, 70.80 to

73.64, 3.94 to 4.88, 6.82 to 8.58, 13.51 to 16.78 and 16.80

to 29.20 respectively.

Baghel and Pradhan (1989 a) studied the seasonal effect
on carcass traits, organ weights and processing losses in
broilers. They found that dressed weight and eviscerated
weight was maximum in cold season, followed by ﬁot humid and

hot season. Abdominal fat loss was 1.99 per cent in hot,
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1.35 per cent in hot-humid and 1.79 per cent in cold
seasons. Blood loss was 3.82 per cent in hot, 4.40 per cent
in hot-humié and 3.58 per cent in cold season. Feather loss
was 7.06 per cent in hot, 6.82 per cent in hot-humid and

6.77 per cent in cold season.

—Akiba et al. (1989) reported that liver weight had "a
trend towards increase with an increase ‘of protein ‘content
rather than that of fat or carbohydrate conteﬂt.

Baghel and Pradhan (1989 b) reported that carcass
traits, organ weights and bone:meat ratios were
significantly (P < 0.05) influenced by energy levels.
Dressed weight of the broilers getting 3000 Kcal ME/kg diet
was sighificantly higher than those getting 2800 or 3200
Kcal Mﬁ/kg; but the advantage effect of better dréssing
percentage was nullified due to higher visceral losses in
this group. They also reported  that higher levels of
protein improved the eviscerated weights significantly
{P<0.05). " The organ weights were significantly influenced
by the energy and protein levels of the diet. The lower
level of protein (20-18-16) was responsible for higher organ
weights. The giblet weights were highest in broilers fed
with 3000 Kcal ME/kg diet followed by those fed with 2800

Kcal ME/kg.
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Skinner et al. (1990) pointed out that abdominal fat
decreased as metabolizable energy increased. Rejikumar
(1991) reported ready-to-cook yield of 72.76 per cent, total
loss of 27.24 per cent, blood loss of 3.42 per cent, feather

loss of 3.06 per cent in broilers at eight weeks of age.

Jacob (1991) from his studies in broilers reported
blood 1loss of 3.2 per cent, total loss of 26.64 per cent,
ready-to-cook yield of 73.31 per cent and eviscerated yield

of 68.03 per cent.

Livability

Salmon et al. (1983) found that increasing starter
protein significantly increased total mortality. But
mortality decreased 1linearly with increase in Ffinisher

protein.

Pesti and Fletcher (1983) reported the response of male
broiler chicken to diets with various protein and energy
contents. They found that mortality was not affected by

dietary treatments.
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Babu et al. (1986) reported that under maritime monsoon
climate of Madras, livability was not influenced by feeding
three levels of protein (20, 22 and 24 per cent) with three
levels of energy (2600, 2800 and 3000 Kcal ME/kg) in starter
diets and three levels of protein (18, 20 and 22 per cent)

with same energy levels in the finisher diet.

Al-Fataftah (1987) reported that exposure of broilers
to high temperature (exceeding 29°C) significantly increased

mortality upto 55 per cent.

Reddy (1989) generalised the view that mortality
percentage was not influenced by different energy - protein

dietary regimes.

Al-Ribdawi and Singh (1989) reported the influence of
protein levels on broiler performance in different seasons.
They reported 4.2, 5.9 and 6.8,per cent mortality for cold,

hot~humid and hot-dry seasons.

Osman et al. (1989) studied the effect of environmental

temperature on broiler performance. They reported increased

mortality rate at higher temperatures (30-32°C).
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Biochemical Parameters

Influence of dietary protein level on serum protein and
cholesterol level in the growing chick was reported by
Leveille and Sauberlich (1961)L Results of their study
showed that serum protein was related to dietary protein at
all four levé;s of protein fed (10, 15, 20 and 25 per cent).
Total serum protein incréased from 2.33 per 100 ml at the 10
per cent dietary protein level to 3.06 g per 100 ml at the

25 per cent level.

Thomas and Combs (1967) conducted studies to determine
the effect of varyiqg protein and energy 1levels on body
composition and serum protein levels. Results of their
study showed that, when the dietary protein 1level was
reduced without changing the energy level, both total éerum

protein and albumen levels were'reduced.

Deaton et al. (1969) reported that birds reared at
higher temperature (32.2°C-or 23.9°C) had signifiantly lower
haemoglobin than birds reared at 7.2°C. Male birds reared
at 7.2°C recorded 10.97 g/100 ml whereas birds at 32.2°C
recorded 9.24 g/100 ml. Plasma protein level was .
significantly higher (3.93 g/100 ml) at lower +temperature

(7.2°C) than at higher temperature of 32.2°C (3.18g/100 ml).:
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Morgan Jr. and Glick (1972) reported that total serum
protein in chicken increased from 2.68 g per 100 ml at one

week of age to 4.63 g per 100 ml at 12 weeks of agé.

Bartov et al. (1974) reported that plasma
triglycerrides and protein levels were not affected by
different calorie-protein ratio of the diet. They reported

plasma protein level of 3.54+0.24 g/100 ml in male and

3.73+0.36 g/100 ml in female broilers.

Sturkie (1976) reported haemoglobin value of 9.8 g/100
ml at 46 days of age and a total protein of 4 g/100 ml for

males and 5.24 g/100 ml for females.

Vo et al. (1977) observed significant difference in
blood parameters due to temperature. Red blood cell,
haematocrit, haemoglobin and plasma protein values decreased

as dmbient temperature increased.

Nair (1983) found that in summer reared broiler birds
there was a tendency for haemodilution and.birds exhibited
lower haemoglobin value (9.62 g/100 ml) . haematocrit values

and faster ESR values.
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Studies on the biochemical parameters of the blood of
adult broiler parents (Darshan et al., 1987) showed that
total protein content was 3.76+0.11 g/100 ml in males and

4.50+0.09 g/100 ml in females.



Table 1. Requirements of dietary.protein (%) for broilers as reported by various authors.

Broiler Age in weeks
References strain/ ——mm e e

breed I ITI IV v VI VII VIIT
Essary et al. -- 22 18
(1964)
Kelly and Potter -— 27 22
(1971)
Knestrick and —— 24 22.8
Yacowitz (1976) ‘

|

Virk et al. - 24 | | 22.5
(1976)
Gowda et al. WPR, NH, WC 24
(1976)
Johri (1977) WPR 26
ISI (1977) - 22 19
Moran Jr.(1978) WC & NH 22

Hubbard 24 22 20
Brown and Commercial 23
McCartney(1979) broilers
Olomu and - 23 20

Offiong (1980)

(Contd.....



(Table 1 Contd.....)

Broiler Age in weeks
References Strain/ =——m e e e e e e e e e e
breed I II IIT v v VI VII VIII
Musharaf and Commercial 18

Latshaw (1981) broilers

Trinadade et al. Hubbard 24 _ 22 20
(1983) '

Onwudike (1983) - 22

NRC (1984) 23 20 18

Mukhtar et al. | 22 20
(1985)

Yaghi and 20 - 17 15
Daghur (1985)

Babu et al. 22 20
(1986)

Husseini et al. 20
(1987)

Baghel and Commercial 25 24 21

Pradhan(lQSFa) broilers

Shyam Sunder White Plymouth 23 19

et al.(1988) Rock

Sudhakar et al. Commercial 22 17

(1988) T 7 broilers

28



Table 2. Requirements of dietary energy (Kcal ME/kg) for broilers as reported by various

authors.
‘Broiler Age of broilers in weeks
References strain/ ————memmm e e e e
breed I II IITI IV VI VII VIII
l. Gowda et al. 3000
(1976)
2. Knestrick and Hubbard 1475-1575 Kcal/lb
Yacowitz (1976)
! i
3. ISI (1977) 2900 | | 3000
4. Hebert et al. Hubbard 3300
(1979)
5. Olomu and 2800-3000 3000
Ooffiong (1980)
6. Coon et al. Hubbard 3410 3465
(1981)
7. Brown and Commerical 3400
McCartny(1982) broilers
8. Trinadade et al. 2900 3000
(1983)
(Contdaeas..)

£8



(Table 2 Contd....)

Broiler Age in weeks

References strain/ =——==——————————me e — o

breed I IT III IV v VI

9. Onwudike(1983) 3000

10.NRC (1984) 3200

1! .Mahapatra Cornish 2800

et al. (1984)

12.Babu et al. 2800

(1986)

13.Mukhtar et al. 2900

3000

(1985)

14.Husseini et al. 14.24 MJ/kg,

{1987)

15.5udhakar et al. 2900

2700

(1988)

16.Baghel and Commercial 2800

Pradhan{1988a) broilers

17.Shyam Sunder WPR 3000

et al. (1988)

78
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MATERIALS AND METHODS

—An experiment was designed and carried out at the
Centre for Advanced Studies in Poultry Science, College of
Veterinary and Animal _Sciencés, Mannuthy to assess the
requirements of protein and energy for broiler chicks during
the summer season. In Kerala the day time temperature
starts increaéing from the month of February. Since broilers
are marketed around eight weeks of age, in order to make the
two phases of growth of broilers namely, startér and
finisher phases coincide during the peak summer, four trials

were planned in a span of two years (one trial started from

February and the other from April in 1989 and 1990).

In each trial the following energy-protein combinations

at starter and subsequent finisher diets were tested in a

completely randomised design.

Treatments Starter Finisher

Diet 1 22 per cent crude 19 -per cent crude
protein with 2900 protein with 3000
Kcal ME/kg Kcal ME/kg

Diet 2 24 per cent crude 19 per cent crude
protein with 2900 protein with 2900
Kcal ME/kg Kcal ME/kg

Diet 3 26 per cent crude 19 per cent crude
protein with 2900 protein with 3000
Kcal ME/kg Kcal ME/kg

Diet 4 26 per cent crude 19 per cent crude

protein with 2900
Kcal ME/kg

protein with 2900
Kcal ME/kg
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Two hundred and forty commercial one-day old broiler
chicks (Cobb) were procured for each +trial of this
experiment. The chicks were wing banded, weighed
individually and allotted randomly to the dietary treatment
groups and replicates in such a way that the weight o;
chicks, within a group as well as between dJroups are
reasonably similar. Each replicate had 20 chicks. The
chicks were brooded upto three weeks of age. From fourtﬁ
week onwards lights were provided at the roof level at
night. They were housed in deep litter pens providing
one sg.foot (900 sg.cm) per bird. The chicks were fed with
respective energy-protein combination of starter diet till
the end of sixth week and respectiye finisher diet
thereafter till the end of eighth week. Feed and water were
provided ad lib. The routine managemental practices were

followed throughout the experimental period.

The composition of the different treatment diets are
given in Table 3. The ingredients used for formulation of
the diet were analysed for proximate composition and
séreened for aflatoxin before each mixing. Of the feed
ingredients, the 1level of fish meal, being the animal
protein source, was kept constant in all the diets.

Depending on the analysed composition of feed ingredients,



Table 3. Percentage composition of broiler starter and finisher rations.
Dl D2 D3 D4
Ingredients Starter Finisher Starter Finisher Starter Finisher Starter Finisher
22:2900 19:3000 24:2900 19:2900 26:2900 198:3000 26:2900 19:2900
Yellow Maize 48.00 60.00 45.00 50.00 36.00 60.00 36.00 50.00
:
Groundnut cake 24.00 18.00 25.00 16.00 39.00 1800 30.00 16.00
Gingelly oil cake 7.00 5.00 10.00 5.00 10.00 5.00 10.00 5.00
Rice Polish 7.00 3.00 6.00 15.00 10.00 3.00 10.00 15.00
Fish meal 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mineral Mixture 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vegetable oil 2.00 2.00 2,00 2.00 2.00 2.00 2.00 2.00
Total 100.00 100.00 100.00 100.00 100.0 100.00 100.00 100.00
(Contd.....
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(Table 3 Contd.....)

Added per 100kg of diet

Merivite ABZDBK(g)2 10 10 10 10 - 10 10 10 10
Amprosol (g)> 50 50 50 50 50 50 50 50
Liv.52(g) 100 100 100 100 100 100 100 100
1. Poultrymin (Aries Agro-Vet Industries Private Ltd.), the mineral mixture contained

calcium (Min)-32.00%, Phosphorus (Min)-6.00%, Copper (Min)-100ppm, Cobalt

l
(Min)-60ppm,

Manganese (Min)-2700ppm, Iodine-100ppm, Zinc-2600ppm, Iron-0.1% and Magnesium-1000ppm

2. Merivite A B2 D3 K (Merind Ltd.) contained Vitamin A, BZ' D3

I.U., 52mg, 12,000 I.U., and 1lO0mg per g. respectively.

and K at levels of 82,500

3. Amprol plus (Merck Sharp & Dohme of India Ltd.) contained Amprolium hydrochlorﬂde

B Vet C 25g, Ethopabate-8g per 500g

4. Liv 52 powder (The Himalaya Drug Co.)

88

!



89

marginal adjustments were made in the other ingredients to
obtain the required protein and energy level of the diets.
The proximate analysis _of_feed ingredients as well as
finished feed was carried out using the method outlined in
AQAC (1980). The analysed values of protein and
metabolizable energy and the calculated values of lysine and
methionine of experimental diets are presented in Table 4.
Starch and Sugar in the feed ingredient were estimated using
the modified method of Clegg (1956) and metabolizable energy
was arrived at using the prediction equation suggested by

Carpenter and Clegg (1956).

The meteoroclogical variables such as maximum and
minimum temperatures and relative humidity inside the house

were recorded daily and weekly average was calculated.

Individual body weight at day old and at the end of
each week was recorded to study the pattern of body weight
gain under the different feeding regimes. Weekly feed
efficiency was calculated based on the ratio of feeqd

consumption to body weight.

Mortality during the experimental period was recorded

for assessing the livability groupwise.
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Table 4. Per cent proximate composition of experimental diets

on dry-matter basis.

D1l D2 D4
Ingredients = =  —omemmmm—mmmem——mos eom s mmmmmmmmmoe—— oS smSSmSSSSSms S mSm s s
Starter Finisher Starter Finisher Starter Finisher Starter Finisher
A. Analysed values
Dry matter 92.81 90.29 92.91 90.84 92.97 90.29 92.97 90.84
Crude protein 22.04 18.25 24.21 19.04 26.04 19.25 26.04 19.04
Ether extract 6.80 5.97 5.77 5.73 5.44 5.97 5.44 5.73
[
Crude fibre 5.50 4.47 5.54 5.56 6.43 | 4,47 6.43 5.56
Total ash 11.18 9.95 11.41 11.25 11.98 9.95 11.98 11.25
Nitrogen free 54.48 60.36 53.07 58.42 50.11 60.36 50.11 58.42
extract
Adcid inscluble 4.65 4,03 4.67 4.59 4 .85 4.03 4.85 4,57
Ash
Metabolizable 2944 3042 2940 2919 2922 3042 2922 2919
Energy (Kcal/kg)
B. Calculated values
Lysine 0.92 0.82 0.95 0.84 1.00 0.82 1.00 0.84
Methionine 0.46 0.39 0.48 0.41 0.50 0.39 0.50 0.41
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At the end of eighth week three birds from each
replicate were sacrificed at random to assess processing
yields and losses. The birds were fasted for 12 hours and
killed by modified Kosher's method. The jugular vein was
severed Jjust below the ear and bled for one-two minutes.
Blood samples were collected for estimation of haemoglobin
and plasma protein. Ethylene diamine tetra acetate (EDTA)
was used as the anticoagulant. Plasma protein was eétimated
by the Biuret Method (Gornall et al., 1949) and Haemoglobin

was estimated by Cyanmethmoglobin Method (Benjamin, 1979).

The birds were weighed after bleeding to f£ind out the
weight of blood. After this they were scalded and then

defeathered. A mechanical poultry feather picker was used

for defeathering and the pin feathers were removed using a

pinning 'knife. Singeing was done to remove hair 1like
feathers. The carcass was weighed again to find out the
welght of feathers. Head and shank were removed and
weighed. Then the evisceration was done. The gizzard was

sliced and the innerlining and contents were removed.
Gall bladder was removed carefully from the liver.
Giblet ie. 1liver, heart and gizzard were weighed. The
eviscerated: weight was recorded. A piece of thigh including

skin and bone and one piece of 1liver from each bird was
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saved, marked and sealed in polyethelene bags and were
stored in deep freezer for estimation of fats. The samples
were thawed, dried and finely ground before analysis. Fat

was estimated as ether extract as per AOAC (1980).

The abdominal fat as leaf fat was found using the
method suggested by Sadjadi and Becker (1980). Abdominal
leaf fat consisted of fat within the abdominal cavity
including that attached to the viscera and giblet that can
be dissected from the carcass. The fat was weighed, marked
and sealed in polyethylene bags and was stored in deep
freezer for estimation of Iodine Value {(Hanus method) and

Saponification Value as outlined in Woodman (1941).

The data collected were subjected to statistical

analysis {Snedecor and Cochran, 1967).
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RESULTS

An experiment with four different energy-protein
combinations of starter and subsequent finisher diets as
outlined in the materials and methods was conducted and
tested in a completely randomized design. The experiment
was conducted in four trials - one ended in peak summer and
another started in peak summer, during 1989 (Trial I and
Trial TIT) and 1990 (Trial III and Trial IV). In trials III
and IV, the birds registered low body weight consequent to
an inapparent non specific infection and hence the data were
discarded. The experiment was repeated in February and
April, 1991 (Trial III and Trial IV). The trials
corresponding to the same period for 1989 and 1991 were
pooled and the results presented in this chapter as Period A
(started in early summer and ended in beak summer) and

Period B (started in peak summer and ended in late summer).

The mean temperature and relative humidity recorded
during the experimental period in the experimental shed 1is
presented in Table 5. It could be seen from the table, that
during trials I and trial III (Period A) the maximum
temperature ranged from 32.29 to 38.33°C and from 32.67 to
37.71°C respectively. Likewise, the minimum tgmperatufe
ranged from 23.57 to 27.60°C and from 22.14 to 27.86°C for

trials I and III respectively. The relative humidity ranged



Table 5. Mean weekly temperature (°C) and relative humidity (RH) recorded inside the
experimental shed.
First trial Second trial Third trial Fourth trial
Age in Temperature Temperature Temperature  Temperature
weeks Maxi- Mini- R.H. Maxi- Mini-~ R.H. Maxi- Mini~ R.H. Maxi- Mini- R.H.
mum mum (%) mum mum (%) mum mum (%) mum mum (%)
1 32.29 23.57 46 32.00 25.75 66 32.67 23.11 53 35.00 26.71 77
2 35.83 26.17 57 32.86 2&.57 59 35.29 22.14 49 35.00 28.42 76
3 37.17 25.67 42 35.29 29.86 62 36.29 23.14 61 35.29 28.43 66
4 36.60 27.60 48 33.43 26.29 71 36.57 26.57 54 36.29 27.57 75
5 37.33 25.67 55 32.86 27.00 67 35.86 27.00 77 34.00 27.57 79
6 38.22 25.67 66 31.33 25.33 72 35.43 26.57 80 31.43 26.29 89
7 38.33 26.00 68 30.57 24.57 81 36.43 + 23.14 65 29.86 25.57 92
8 38.29 25.86 58 28.00 24.50 85 37.71 27.86 64 30.00 25.57 89

et et e o . o ot T Tt T 7 oy ey - o ot T ey T 8 At Am S o S et et S S T o S e e Sk S i T W R A S S i S e S R s e

25,984+ 70.38+ 35,78+ 24.94+ 62.88+ 33.36+ 27.02+ 80.38+

Overall 36.76+ 25.78+ 55.00+ 32.04+ + + + + + + +
0.47  3.16 0.52° 0.80 3.94 0.90 0.41 3.14

mean+SE 0.71° 0.39° 3.28 0.77

Fo6
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from 42 +to 68 and 49 to 80 per cent for trials I and IIT

respectively.

The maximum temperature during trials II and v
(Period B) ranged from 28.0 to 35.29°C and from 29.86 to
36.29°C respectively. The range of minimum temperature was
24.50 to 28.57°C and from 25.53 to 28.42°C during trials II
and IV respectively. The relative humidity during trials II
and IV ranged from 59 to 85 per cent and from 66 to 92 per

cent respectively.

Period-wise mean weekly temperature and relative
humidity are presented in Table ©6 and graphically
represented in Figures 1 and 2. It could be seen from the
table that mean maximum temperature for Period A ranged from
32.48 ta 38.00°C and mean minimum temperature ranged from.
23.34 to 27.09°cC. During Period B the mean  maximum
temperature ranged from 29.00 to 35.29°C and mean minimum
temperature ranged from 25.04 to 28.50°C. The relative
humidity ranged from 49.50 to 73.00 per cent with an overall
mean of 58.94 per cent for Period A. During Period B the
relative humidity ranged from 64.00 to 87.00 per cent with

an overall mean of 75.38 per cent.



Table 6. Period-wise mean weekly temperature and relative humidity in the experimental
shed.
Experi- AGE IN WEEKS Overall
mental PATAMELErS  =——mmmmmmm e S S T T mean + SE
Period 1 2 3 4 5 6 7 8
Max.Temp(°C) 32.48 35.56 36.73 36.59 36.60 36.83 37.38 38.00 36.27+0.60
PERIOD A Min.Temp(°C) 53.34 24.16 24.41 27.09 26.34 26.12 24.537 26.86 25.36+0.50
Relative 49.50 53.00 51.50 51.00 66.00 73.00 66.50 61.00 58.94+3.14
humidity (%)
Max.Temp(°C) 33.50 33.93 35.29 34.86 33.43 31.38 30.22 29.00 32.70+0.80
PERIOD B Min.Temp{°C) 26.23 28.50 27.15 26.93 27.29 25.81 25.07 25.04 26.50+0.39
Relative 71.50 67.50 64.00 73.00 73.00 80.50 86.50 87.00 75.38+3.00

humidity (%)
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Production Parameters-

Body weight

The mean weekly body weights of broilers fed four
different diets in all the four +trials are presented in
appendices i, ii, iii and iv. The mean initial body weight
of +trial I was 43.43g, trial II was 38.61 g, trial IIT was

43.20 g and trial IV was 38.17 g.

The mean weekly body weights of broilers fed different
diets pooled according to Periods are presented in Table 7
and graphically represented in Figure 3. The analysis of
pooled data revealed that the difference between Period was
statistically significant (P < 0.0l1) while the differences
among dietary treatments or interactions between diet x
period were not significant. The initial body weight of
broiler chicks in Period—A-was 43.32 g and in Period B
38.39 g. The differences showed statistical significance

(P < 0.01) between the two periods.

At first week the average body weights for broilers fed
diets 1, 2, 3 and 4 in Period A were 86.78, 87.34, 87.80 and
87.329 respectively. There was statistically no difference

among dietary treatments. In Period B low body weight of



Mean weekly body weight (g) of broilers fed experimental diets from 0-8 w

eeks (Pooled data).

Tablie 7.
Treat- AGE IN WEEKS
ments —===—es——=ToTT -- - e - - -
0 1 2 3 4 5 6 7 8
PERIOD - A
DI  43.24+0.35 86.78+1.30 176.15+3.30 310.53%6.30 487.63% 9.99 725.71+13.22 919.71x17.64 1046.57+22.74 1167.03+25.75
D2  43.30+0.39 87.34+1.20 172.30%3.05 314.3846.19 504.89+10.13 759.88+13.68 971.72+20.08 1112.56%22.28 1208.88+26.94
D3  43.62+0.43 B87.80+1.38 181.43%3.09 332.23%6.81 530.56210.03 779.10+12.72 975.54+18.07 1091.37423.25 1184.57+27.31
D4 43.12+40.34 87.32#1.20 174.62#3.06 325.0646.34° 524.13% 9.13 769.21+12.80 966.66+18.30 1069.41%22.25 1168.52+24.94
o T e N -
for 43.322+0.11 87.31#0.21% 176.13#2.25° 320.55+4.96% 511.80+ 9.73° 758.48+11.61% 958.41+13.03% 1079.98414.20° 1182.25+9.72
diets
PERIOD - B
Dl  38.27+0.34 84.40+1.23 164.88+3.35 302.51+6.35 474.13+10.09 700.38+414.82 923.04#17.93 1170.30%22.91 1397.22+29.82
D2 38.55+0.36- 86.46+1.27 174.75+3.11 331.1726.59 537.00% 9.47 795.34+12.05 1022.92+17.77 1224.98+24.23 1423.56+30.42
D3  38.53+0.35 86.99+1.34 181.92+3.68 339.8047.54 547.78+11.78 790.90+16.03 1012.69+22.03 1274.67+28.95 1472.21+34.51
D4 38.20+0.35 87.10#1.25 178.03+3.62 331.84%7.71 539.38+10.57 764.01+14.91 958.54%22.29 1152.67432.27 1340.56+42.37
Mean b J —
for 18.39+0.09° 86.24+0.63% 174.90+0.65° 326.33+8.18% 524.57+16.97% 762.66+21.88% 979.30+23.48% 1208.16+28.37° 1408.39+27.437
diets. - - - - - - -

Mecans mearing the same superscript within the same column do no

t differ significantly {(P<0.01).
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84.40 g was recorded for diet 1 and numerically high body
weight of 86.46, 86.99 and 87.10 g with diet 2, 3 and .4
respectively during first week, but the differences were not
statistically significant. Comparison of data between
periods for first week body weight revealed that the mean
weekly body weight of birds fed different energy-prote@n

combinations were statistically homogenous.

The body weight of broilers at second week of age
showed lowest body weight (172.30 g) in birds fed diet -2
(24:2900 in starter and 19:2900 in finisher) than diet 1, 3
and—4 which recorded body weights of 176.15, 181.43 and
174.62 g 'respectively in Period A and in Period B, the
lowest body weight (164.88 g) was in group fed diet
containing 22:2900 in -starter and 19:3000 in finisher
(Diet 1} than the other +treatment groups. Evenﬁhough
highest body weight of 181.92 g was recorded in group fed '
with diet 3 (26:2900 in starter and 19:2900 in finisher)
the difference neither among dietary treatments nor between

periods for body weight at second week was significant.

At third week the average body weight in Period A was
320.55 g and in Period B it was 326.33 g. There was no
statistical difference between periods. In both the periods

lower body weight was recorded with dietary treatment
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"containing protein and energy levels of 22:2900 in starter
and 19:3000 in finisher (Diet 1). Higher body weight
(332.23 g in Period A and 339.80 g in Period B) was recorded
for diet 3 in both the periods. However, the difference
among dietary treatments in both the periods was

statistically similar.

The mean weekly body weight of broilers fed different
treatment diets at fourth week of age showed that the
highest body weight of 530.56 g in Period A for diet 3 and
in Period B maximum body weight of 547.78 g was recorded for
diet containing protein~energy combination of 26:2900 in
starter and 19:2900 in finisher (Diet 3). The lowest body
weight of 487.63 g in Period A and 474.13 Q in Period B was
recorded in group fed with diet 1. The average body weight
at fourth week for all the diets for Period A was 511.80 g
and in Period B 524.57 g revealing no statistical differencé
between periods.

At fifth week of age, highest body weight of 779.10g
was recorded in Period A in birds fed with protein and
energy level of 26:2900 in-the starter and 19:3000 in the
finisher diet (Diet 3). 1In Period B the highest body weight
of 795.34 g was recorded in birds receiving protein-energy

levels of 24:2900 in the starter and 19:2900 in the finisher
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(Diet 2). However, the statistical analysis of the data
revealed that neither protein - energy nor season (Periods)

influenced body weight at this age.

At sixth week of age the highest mean body weight of
975.54 g was recorded in broilers fed with diet containing
protein and energy level of 26:2900 in the starter and
19:3000 in the finisher (Diet 3) in the trial ended in peak
summer- (Period A). 1In the trial ended in the late summer
(Period B), the highest body weight of 1022.92 g was
recorded in birds fed with protein and energy level of
24:2900 in the starter and~19:2900 in the finisher (Diet 2).
However, the statistical analysis of the data did not show
any significant influence due to either dietary treatment or

periods.

The body weight of broilers fed different protein
energy combinations showed highest weight of 1112.56 g in
groups fed with diet 2 (24:2900 in the starter and 19:2900
in the finisher) at seventh week of age in the trials ended
in peak summer (Period A). During Period B, the highest
body weight of 1274.67 g was recorded in the birds fed
protein-energy levels of 26:2900 in the starter and 19:3000
in the finisher stage (Diet 3). However statistical

analysis of the data did not show any significant influence
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due to different dietary treaments. But the trials ended in
the peak summer (Period A) showed significantly (P < 0.01)
lower overall mean body weight (1079.98 g) than the +trials

that ended in late summer {1208.16 g).

At eighth week of age the highest body weight of
1472.21 g was recorded in the group fed with protein and
energy levels of 26:2900 in the starter and 19:3000 in the
finisher (Diet 3) in the trials ended in the late summer
(Period B). In the Period A the highest body weight of
1208.88 g was recorded in the group fed with protein-energy
levels of 24:2900 in the starter and 19:2900 in the finisher
(Diet 2). The lowest body weight (1167.03 g) was recorded
in broilers fed with diet containing protein and energy
level of 22:2900 in the starter and 19:3000 in the finisher
(Diet 1) in Period A.

There was signifiéghg difference between periods
(P < 0.01) in the final body weight at eighth week (Fig. 4).
The trials that ended in peak summer (Period A) showed
significantly lower mean body weight at eighth week
(1182.25 g) than the trials ended in late summer (Period B),

which had a final body weight of 1408.39 g.
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Body weight gain

Mean weekly body weight gain of broilers fed different
dietary treatments from 0-8 weeks of age for the- trials
pooled according to Period A and Period B is presented in
Table 8 and graphically represented in Figure 5. The data
of individual trials are presented in the Appendices v, vi,
vii, viii. Statistical analysis of the pooled data revealed
that the body weight gain was not influenced by the dietary
treatments and the periods upto sixth week of age.

Thereafter body weight gain was in favour of Period B.

Maximum body weight gain was recorded at fifth week of
age in both Period A and Period B. In Period A body weight
éain at fifth week of age was 246.19 g and in Period B it
was 238.13 . g. Among the different dietary treatﬁents.
maximum body weight gain, even though statistically not
significant, was recorded in groups fed with protein and
energy levels of 24:2900 in the starter and 19:2900 in the

finisher (Diet 2) in both the periods.

At seventh week of age, the trial that ended in extreme
summer (Period A) showed significantly lower body weight
gain (120.12 g) than that ended in late summer in period B

(226.09 g).



Table 8. Mean weekly body weight gain(g) of broilers fed experimental diets from 0-8
weeks (Pooled data). '

Treat- : " '"AGE IN WEEKS
ments e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e T T T T T
1 2 3 4 5 6 7 8
PERIOD — A
Dl 43.58  89.13  134.89  175.77  235.67  195.06 130.02 114.81
D2 44.04  84.82  141.52  190.93  255.00  209.86 138.06 104.10
D3 44.19  93.35  151.02  197.04 .249.79  195.41 110.33  89.06
b4 44.19  88.16  149.66  199.07  244.30  200.30 102.30  92.20
Mean for  44.00% 88.87%  144.27% 190.71% 246.19%  200.18% 120.12% 100.22°
diets +0.14  +1.76  +3.77 +5.27 +4.13 +3.44  +8.37  +5.82
_________________________________________ pmRIOD - B
D1 46.14  80.45  137.89  171.62  226.25  218.38 242,71  224.30
D2 47.91  88.31  156.25  205.83  258.17  227.25 207.03 182.89
D3 48.39  94.93  157.96  208.21  243.47  223.20 262.65 197.69
D4 48.82  90.96  153.81  209.02  224.63  193.43 191.98 176.73
 Mean for 47.82%  88.66% 151.48% 198.67% 238.13% 215.57% 226,097 195,40°
diets +0.59  +3.06  +4.61 +9.04 +7.92 +7.60  +16.18  +10.59

e e e e o e At o e o o e o e o o S e o e S o Bt e o o o o e ko A e T et g g e ok o A S SR S D D S i o e 8 S S8 e 0 i i s e e e e e e

Means bearing the same superscript within the same column do not differ
significantly (P<0.0l) . :

FOT
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At eighth week of age body weight ggin showed a
decreasing trend. The trial that ended in March (Period A)
had significantly (P < 0.0l1) 1lower body weight gain
(100.22g) than the period B which had a body weight gain of
195.40 g. Overall body weight gain for the pooled trials
for Period A was 1138.93 g and for Period B was 1370.00 g

upto eighth week of age.

Daily feed consumption

Week~wise, mean daily feed consumption of broilers fed
dif;;;;nt energy-protein.;;mbinations upLo eighth week of
age for four trials were presented in Appendices ix, x, xi,
xii and pooled data are presented in Table 9. The graphical
representation of pocled data is presented in Figure 6. The
statistical analysis of the data indicated that the diétary
treatments '~ did not influence feed consumption upto eighth
week of age in both Period A and Period B. However, the
magnitude of difference in daily feed consumption at seventh

and eighth week of age between Period A and Period B was

statistically significant (P < 0.05).

Mean daily feed consumption at first week of age was
15.62 g for Period A and 17.92 g for Perizfod B. For second

week of age it was 30.50 g for Period A and 34.05 g for the



Table 9. Mean feed consumption {(g)/bird/day of broilers fed experimental diets

from 0 to 8 week of age (Pooled data).

Treat- - , AGE IN_ WEEKS
e
1 2 3 4 5 6 7 8
PERIOD — A
Dl 15.38  29.42  50.60 73.10 88.84 99.39  95.31  81.49
D2 16.01  30.69  52.21 75.89 88.60  103.63  88.62  83.87
D3 15.54  31.14  50.36 70.68 87.78  101.92  86.95  84.82
D4 15.54  30.75  48.33 75.36 86.91  104.75 | 93.23  83.12
Ottt OO OO UG U B Ribehos
Mean for 15.62_  30.50 50.38 73.76 88.03_  102.42_  91.03_  83.33
diets +0.14 +0.37%  +0.80 +1.19 +0. 44 +1.17 +1.95 +0.70
PERIOD - B
D1 18.25  35.00  44.65 58.21 80.95 83.80  109.64 101.88
D2 18.12  35.84  42.27 68.93 81.80 81.25  110.34  97.11
D3 17.19  32.50  44.29 66.76 76.93 85.39  112.40  104.20
D4 18.11  32.86  44.64 63.20 74.78 83.94 | 102.89 ° 95.64
Mean for 17.92_  34.05_  43.96_  64.28 78.62 83.60  108.82,  99.71
diets +0.24%  +0.81%  +0.57 +2.34%  +1.66%  +0.86 +2.06°  +2.00°

—-—_——.-o..-————....————_..-——.——.————————_...—.-.-——_.—-.--———_——_...———__.—-—————_—.——.—-—-————-—.————....-.-—

not differ

Means bearing the same superscript within the same column do

significantly (P<0.0l1).

90T
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trial that ended at late summer (Period B). At third week
of age trials that ended in peak summer (Period A) recorded
mean daily feed consumption of 50.38 g and for Period B,
43.96 g. At fourth week of age mean daily feed consumption

of Period A was 73.76 g and for Period B it was 64.28 g.

At fifth week of age, trials that ended in peak summer
(Period A) had mean daily feed consumption of 88.03 g and
for Period B average daily consumption was 78.62 'g. At
sixth week of age eventhough there was no statistical
difference between periods there was numerical difference.
During Period A feed consumption was 102.42 g and during

Period B it was 83.60 g per day.

At seventh week of age trials that ended in peak summer
(Period A) showed significantly (P < 0.05) lower feed
consumption;(Ql.OB g) than during Period B where the average
daily feed consumption was 108.82 g. Likewise, at eighth.
week of age Period A showed significantly (P < 0.05) lower
feed consuﬁption (83.33 g) than period B where mean daily

feed consumption was 99.91 g.

Feed Efficiency

The mean cumulative feed efficiency of broilers fed

different diets, recorded weekly for the four +trials are
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presented in Appendices xiii, xiv, xv, xvi and pooled data
pertaining to Period A and Period B are presented 1in
Table 10 and graphically represented in Figures 7 and 8.
Analysis of pooled data revealed that there was no
significant difference between periods in feed efficiency
upto fifth week of age barring second week and from sixth
week onwards Period B showed significantly (P < 0.0l1) better
feed efficiency than Period A. The overall mean feed
efficiency for the first week in Period A was 1.15 and 1in
Period B it was 1.37.

At second week of age, Period A showed significantly
(P < 0.05) better feed efficiency of 1.76 than Period B, in
which feed efficiency was 2.04. At third week of age pooled
data did not reveal any statistically significant difference
between (periods. During Period A feed efficiency was 2.07
and during Period B it was 2.09. At fourth week of age the
feed efficiency during Period A and B were 2.30 and 2.2]
respectively. At fifth week of age, feed efficiency in

Period A was 2.37 and in Period B was 2.22.

At sixth week, trials that ended at peak summer
(Period 2) showed significantly (P < 0.01) poorer feed
efficiency of 2.67 than Period B in which the feed

efficiency was 2.33. At seventh week of age the same trend
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Table 10. Mean weekly cumulative feed efficiency of broilers fed experimental
diets from 0-8 weeks (Pooled data).

Tl;feat— AGE IN WEEZKS
Mt S o e e e e e e e e e e e e e e e e e e

1 2 3 4 5 6 7 8

PERIOD - A
D1  1.1540.08 1.72+0.08 2.11+0.08 2.39+0.09 2.45+0.09 2.70+0.11 3.16+0.13 3.37+0.12
D2 1.1340.11 1.79#0.14 2.17#0.10 2.41+0.09 2.43+0.08 2.66+0.07 2.96+0.05 3,19+0.06
D3 1.15+0.09 1.73+0.10 1.99+0.06 2.18+0.08 2.29+0.05 2.58+0.07 3.02+0.11 3.26+0.09
D4 1.18+0.05 1.78+0.08 2.02+40.05 2.2240.06 2.31+0.02 2.74+0.12 3.05+0.09 3.31+0.09
Mean a
for 1.15%+0.01 1.76%4+0.02 2.07%+0.04 2.30%+0.06 2.37%+0.04 2.672+0.03 3.05%+0.04 3.28%+0.04
diets
PERIOD - B

Dl 1.43+0.12 2.21+0.08 2.5640.04 2.50+0.18 2.39+0.11 2.45+0.05 2.69+0.06 2.89+0.10
D2 1.37+0.10 2.1240.05 2.01+0.05 2.14+0.09 2.16+0.06 2.24+0.03 2,51+0.07 2.78+0.13
D2 1.30+0.12 1.88+0.08 1.7940.13 2.06+0.06 2.13+0.07 2.26+0.04 2.42+0.04 2.63+0.07
D4 1.36+0.09 1.96+0.07 2.00+0.05 2.13+0.08 2.19+0.06 2.38+0.08 2.70+0.13 3.04+0.44
Mean b b b b
for 1.37%40.03 2.04°+0.07 2.09%+0.16 2.21%+0.10 2.22%+0.06 2.33°+0.05 2.58P+0.07 2.84P+0.09
diets
Means bearing the same superscript within the same column do not differ significantly
(P<0.01) .

60T
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continued, trials that ended at peak summer (Period A)
had significantly (P < 0.0l1) poorer feed efficiency (3.05)
than Period B (2.58). At eighth week of age trials that
ended at peak summer (Period A) had significantly
(P < 0.01) poorer feed efficiency (3.28) than that recoxrded

in Period B (2.84).

Processing Yield and losses

The processing yield and losses recorded in birds
slaughtered at eighth week of age pooled according to
periods is presented in T;Ei;'ll and graphically represented
in Figure 9. The data for individual trials are presented
in Appendices =xvii, xviii, xix and xXx. The statistical
analysis' of the data revealed that yield and losses due to

processing - of broilers were not influenced either by the

dietary treatments or by the periods.

The per cent of blood loss varied froﬁ 3.94 to 4.63
with an overall mean of 4.21 for the trials that ended in
peak summer (Period A) and 3.98 for the trials that ended in
late summer (Pgriod B). The per cent blood loss in Period B

ranged from 3.79 to 4.14.



Table 1l. Mean processing yield and losses at eighth week:

of broilers fed experimental diets (P

PERIOD - A
Observations - el — —_—
Dl D2 p3 D4 Overall mean
. for diets
starved body 1191.11 1310.00 1250.00 1252.23 1250.84
weight(g) +48.12  +47.69 +46.17  +48.46 +24.27
Blood 4.63 4.25 4.00 3.94 4.21
loss (%) +0.29 +0.20 +0.27 +0.20 +0.15
| Feather 14.31 4.25 4.04 4.27 4.22
i loss (%) 40,22 ° #0.23  #0.26  *0.24 +0.06
| .
Total _ 27.57 26.25 25,31 27.76 26.72
loss(%) +1.06 +0.65 +0.57 +0.88 +0.58
Eyiscerated 66.69 68.52 69.37 66.76 67.84
yield(s) +1.15 +0.77 +0.77 +0.82 +0.73
Giblet ' 5.74 5.23 5.32 5.48 5.44
yield(%) +0.23 +0.23 +0.22 +0.26 +0.11
R~t0—-C 72.43 73.75 74.69 72.24 73.28
Yield (%) +1.05 +0.65 +0.71 40,82 +0.65
Abdominal 1.65 1.48 1.40 1.23 1.44
fat (%) +0.17 +0.17 +0.14 +0.712 +0.09

T

4.86
10.25

23.51
+0.83

71.94
+0.84

4.55
+0.14

76.49
+0.83

1.59
+0.13

e e i e ek S e e S

ocoled data).

e e e . i e = i A i

PERIOD - B

D2 D3 D4 Overall mean
' for-diets
1429.972 1614.17 1431.95 1486.88
+65.62  +48.66 +50.42 +43.26
3.97 3.79 4.14 3.98
+0.20 +0.20 +0.13. +0.07
4.72 4.60 4.84 4.76
+0.33 +0.33 +0.31 +0.05
23.92 22.46 23.90 23.45
+0.75 +0.84 +0.55 | +0.34
71.09 72.74 70.88 71.66
+0.84 +0.92 +0.53 +0.43
'4.99 4.80 5.22 4.89
+0.17 +0.14 +0.15, +0.10
76.08 77.54 76.10 76.55
+0.75 +0.90 +0.55 +0.34
1.17 1.21 0.85 1.21
+0.11 +0.15 +0.12 +0.15

_.-..-_-.-_...-—____.-.-_.--_.__._._—_-—
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The per cent feather loss ranged from 4.04 to 4,31 with
an overall mean of 4.22 for Period A. During Period B the
per cent feather loss ranged from 4.60 to 4.86 with an

overall mean of 4.76.

The total offal in processing ranged from 22.46 to
27.78 per cent and the mean value was 26.72 per cent for
trials that ended in extreme summer (Period A) and 23.45 for

Period B.

The percentage eviscerated yield obtained was 67.84 in
Period A and 71.66 during Period B and the values ranged
from 66.69 to 69.37 per cent in Period A and 70.88 to 72.74

in Period B.

The 'giblet yield ranged from 5.23 to 5.74 per cent with
an overall mean of 5.44 per cent in Period A. The range was
4.55 to 5.22 per cent for Period B with an overall mean of

4.89 per cent.

The mean per cent. ready-to-cook yield was 73.28 during
Period A and ranged from 72.24 to 74.69. 1In Period B the
mean yield was 76.55 per cent and ranged from 76.08 to 77.54

per cent.
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The abdominal fat per cent ranged from 1.23 to 1l.65
with a mean value of 1.44 in Period A and during Period B it
ranged from 0.85 to 1.59 per cent with an overall mean of

1.21 per cent.

Plasma Protein

The mean plasma protein wvalues of broilers fed
different 1levels of protein and energy trial-wise and data
pooled according to pé;léés is presented in Table 12.
Statistical analysis of the data did not reveal any
significant difference among different diets or periods. The
mean plasma profein (g per cent) during Period A ranged from
3.28 to 3.44 with a mean value of 3.36 g per cent and in

Period B the values ranged from 3.20 to 3.41 with a mean

value of 3.27 g per cent.

Haemoglobin

The mean haemoglobin values for broilers fed different
diets trial-wise and data pooled according to periods is
presented in Table 13. Statistical analysis of the data did
not reveal significantldifference between periods. Mean
haemoglobin value for Period A was 8.88 g per cent and for

Period B the value was 9.53 g per cent.
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Table 12. Mean plasma protein (g3%) values of broilers fed experimental diets at
8 weeks of age.

Treatments

Trial No. Dl D2 D3 D4 Overall Mean
I 3.38+0.24 3.39+0.18 3.47+0.23 3.30i0.20 3.39+0.03
IT 3.34+0.20 3.42+0.20 3.25+0.11 3.38+40.17 3.35+0.04
IIT 3.19+0.15 3.40+0.18 3.41+0.17 3.2940.16 3.32+0.05
Iv 3.17+0.05 3.41+0.05 3.18+40.18 3.14+40.17 3-23i0-06

Mean

for diets 3.27+0.05 3.41+0.05 3.33+0.07 3.28+0.05 3.32+0.03

PCOLED DATA
Period A 3.28+0.03 3.40+0.03 3.44+0.03 3.30+0.03 3.36+0.04
Period B 3.25+0.03 3.41+0.03 3.22+0.02 3.27+0.05

3.20+0.03

Means bearing the same superscript within the same column do not dJiffer
_significantly (P<0.01).

PIT
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Table 13. Mean haemoglobin (g%) values of broilers fed experimental diets
at 8 weeks of age.

Treatments
Trial No. D1 X D2 D3 D4 Overall mean
I 9.76+0.063P 9.48+0.07%®  9.62+0.09%  10.18+0.10°  9.76+0.15
II 9.27+0.03% 9.41+40.04% 9.27+0.03% 9.34+0.12% 9.32+0,03
IIT 9.9240.23%P°  10.2540.383 9.2040.16°°  9.01+0427°  9.52+0.27
|
Iv 9.68+0.28% 9.80+0.14% 10.01+0.20% 9.55+0.32% 9.76+0.10
Mean
for diets 9.66+ 0.11 9.74+ 0.19 9.53+ 0.19 9.52+ 0.25 9.59+0.11
Means bearing the same superscript within the same row do not differ
significantly (P<0.01).
POOLED DATA
Period A 9.84 + 0.08 9.87 + 0.39 9.41 + 0.21 . 9.60 + 0.59  9.68+0.11

Period B 9.43 + 0.16 9.61 + 0.20 9.64 + 0.37 9.45 + 0.11 9.53i0.05¢

STT
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Body fat

Body fat estimated as ether extract is presented in
Table 14. Statistical analysis of the data did not reveal,
any significant difference in body £fat among dietary
treatments or periods. The per cent body fat in Period A was
35.90 and in Period B it was 35.89. Mean data for

treatments were 37.64, 35.25, 35.91 and 34.75 per cent

respectively for diet 1, 2, 3 and 4.
Liver fat

Liver fat estimated as ether extract of broilers fed
different diets, triai—wise and period—wisé are presented in
Table 15: Statistical analysis of the data did not reveal
any significant difference among dietary treatments, but
difference due to periods was significant. Mean per cent
liver fat of broilers in Period A was 23.38 and in Period B
it was 21.59. In Period B per cent liver fat was
significantly (P < 0.01) lower than in Period A. The mean

_per cent liver fat in broilers fed different diets were
22.06, 22.41, 22.63 and 23.33 respectively for diets 1, 2, 3

and 4.



Table 14.

Mean per cent body fat (Ether extract) of broilers
diets on dry matﬁer basis at 8 weeks of age.

experimental

Treatments
Trial No. D1 D2 D3 D4 Overall mean
I 35.90+3.05 36.31+1.23 34.97+2.94 34.83+1.45 35.5040.36
IT 34.30+1.76 34.22+2.59 36.90+1.36 34.2242.22 34.91+0.66
i I
.
I1I 36.93+1.54 36.82+2.30 35.50+2.70 35.8711.89 36.28+0.35
Iv 43.41+2.15 33.67+3.19 36.27+3.56 34.07+3.06 36.85+2.26
Mean for
diets 37.64+2.00 35.25+0.77 35.91+0.43 34.75+0.41 35.89+0.43
POOLED DATA
Period A 36.43+1.66 36.57+1.27 35.24+1.94 35.35+1.17 35.9040.35
Period B 38.86+1.75 33.95+1.95 36.59+41.57 34.15+1.92 35.89+1.16

LTT
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Table 15. Mean per cent liver fat (Ether extract) of broilers fed experimental
diets on dry matter basis at 8 weeks of age.

Treatments
Trial No. D1 " D2 D3 D4 Overall mean
I 22.44+0.91 23.84+1.34 23.90+1.53 24.10+2.59 23.57+0.38
II 22.96+1.04 24.96+1.05 24.07+2.94 23.42+0.56 23.71+0.39
III 23.80+1.30 21.31+0.65 23.51+1.06 24.12+1.10 23.18+0.64
|
J
IV 19.03+1.06 19.55+1.11 19.06+1.73 21.66+1.88 19.82+0.62
Mean of
diets 22.06+1.05 22.41+1.22 22.63+1.20 23.33+0.58 22.58+0.92
POOLED DATA
Period A 23.12+0.83%  22.58+0.79%  23.71+0.79%  24.11+1.30% 23.38+0.34°%
21.00+0.86°  21.26+1.06° 21.57+1.95° 22.54+3.23P  21.59+0.34P

Period B

Means bearing the same superscript within the same column do not differ
significantly (P<0.01).

8BTT
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Fat constants

The Iodine Value and Saponification Value of abdominal
fat of brqilers fed diggé;ent diets are presented in
Table 16. Mean Iodine Values obtained were 70.64, 73.47,
73.87 and 76.99 for diets 1, 2, 3 and 4 respectively. The
overall mean Iodine Value for different treatments was

73.74. Statistical analysis of the data did not reveal any

significént difference between treatments.

The Saponification Value of abdominal fat obtained were
165.83, 169.49, 147.66 and 147.96 for diets 1, 2, 3 and 4
respectively. Overall mean Saponification Value for
different dietary treatments was 157.74. Statistical
analysis of the data did not reveal any significant

difference between treatments.

Mortality

The mortality among the experimental birds upto 8 weeks
of age in each trial and treatment is presented in Table 17.
Per cent mortality for trials I, II, III and IV were 10.83,
10.42, 3.75 and 3.33 respectively. Pooled data revealed
mortality percentage of 7.29 for period A and 6.88 for
Period B. The overall mean mortality among broilers Qas

7.08 per cent.



Table 16. Mean Iodine Value and Saponification Value of abdominal fat
at 8 weeks of age of broilers fed different .diets.

Treatments Iodine Saponification
Value Value
D1 70.64 + 2.67 165.83 + 8,27
' |
D2 73.47 + 4.29 | 169.49 +20.37
z | =
D3 73.87 + 1.93 147.66 + 7.26
D4 76.99 + 6.90 147.96 + 8.23
Mean of diets 73.74 + 1.30 '157.74 + 5.78

02T
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Table 17.

Mortality (number) in broilers fed experimental diets from 0-8 weeks

of age.
Trial No. D1 D2 . D3 D4 Total Mean percent-
age mortality

I 7 (60) 6 (60) 7 (60) 6 (60) 26 (240) 10.83

IT 9 (60) 6 (60) 2 (60) 8 (60) 2 5 (240) 10.42

IIT 2 (60) 4 (60) T (60) | 1 (60) 9 (240) 3.75

|

v 0 (60) 0 (60) é (69) _ _E_(691_______§_£Efgl________ELEE____
Mean for
aiets [2(280) 16 feam) | M4 (2éo) 20 (240) 68 (960) [

POOLED DATA
Period A 9 (120) 1o (iZO) 9 (120) 7 (120) 35 (480) 7.29
Period B 9 (120) 6 (120) 5 (120) 13 (1201 33 (480) 6.88
(Figures in parenthesis indicate number of birds)

I2T
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DISCUSSION

The results obtained in an experiment +to examine
whether the nutrient requirement specifically the dietary
content of protein and energy are influenced by the summer

in Kerala, are discussed in this chapter.

The weaw maximum temperature recorded inside the
experimental shed during the experimental period of two
years was 38.33°C and chiﬁ?nimum temperature was 22.14°C.
The highest relative humidity was 92 per cent and the lowest
was 42 per cent (Table 5). Thus, the microclimatic
situation in the shed can be classified as hot-humid.
Thiagarajan (1989) reported a maximum temperature of 29.36°C
to 37.94°C and a minimum of 22.33 to 25.93°C from April to
July and a relative humidity of 73.57 to 91.57 per cent in
the morning gnd 55 to 87 per cent iﬁ the evening at
Mannuthy. The maximum temperature is well above the stress
level and the minimum temperature is also much above thé
recommended optimum range of 15-20°C after four weeks of age
(Reece and Deaton,1197luiand Deaton et al., 1978). The
relative humidity is on tﬁéfhigher side which coupled with
the higher temperature prevailing made the period extremely
stressful. The summer in 1989 and 1991 during which the

study was carried out was therefore highly stressful for

birds. -
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. Production Parameters

Growth

The initial body weight of chicks that were reared
during Period A was 43.32g, which was significantly
(P<0.01) higher than those reared during Period B (38.39 g)
(Table 7). It is to be noted that the chicks for experiment
in Period B was obtained during peak summer, therefore it is
logical +that +they have lower body weight. Rao (1971)
observed that weight at hatching was lowest among chicks
hatched in summer. Panda and Mitra (1971) also reported
that the performance of the October, March and April hatched
chicks were comparatively poorer and were in decreasing
order. The present findings corroborate the findings of
earlier workers that the February hatched chicks are higher

in body weight than April hatched chicks.

It couid also be seen from Table 7 that the mean weekly
body weight of chicks recorded from first week of age to
sixth week of age did not show any statistically significant
difference between those reared during Period A and
Period B. Parkhurst (1967) stated that temperature from 85
to 953°F did not markedly affect growth and feed efficienéy
in broilers upto six weeks of age, at six weeks and beyond

broilers started to show temperature effect. The present
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findings are in agreement with the above report in

literature.

The body weight at seventh week of age was 1208.16 g
for birds reared during Period B and 1079.98 g for those
reared during Period A, the difference being statistically
significant (P < 0.0l1). At both the stages of growth
(seventh and eighth weeks) the birds reared in Period A were
during the peak summer, whereas, those reared in Period B
were during late summer. The poorer body weight for those
birds reared in Period A can be explained in terms of higher
thermal stress that the birds have been subjected to during
the finisher phase. Godfrey and Winn (1966) reported that
with higher temperature and relatively higher humidity the

magnitude of stress will be more.

Adams et al. (1962 b), Mickelberry et al. (1966), Cowan
and Michie (1978), Smith and Teeter (1987) and Cerniglia
et al. (1983) reported detrimental effect of high
environmental temperature on the performance of broilers
during the finishing period mainly through reducing
feed intake and growth rate. But Kubena et al. (1972),
Cowan and Michie (1978), Charles et al. (198l), Mahapatra
et al. (1984) and Sinurat and Balnave (1985) showed no

evidence of a direct relationship for broiler performance
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between environmental temperature and dietary nutrient
concentration. Dale and Fuller (1980) reported a decrease
in growth rate at high environmental temperature accompanied
with a reduction in thyroid size. Reduced thyroid size,
they opined, is a reflection of thyroid activity which
affect protein synthesis and consequent depression in body
weight gain. Adams and Rogler (1968) reported influence of.
relative humidity on growth rate. They found that growth
rate was .superior in 40 per cent relative humidity as

compared with 80 per cent relative humidity at 29°cC.

Hurwitz et al. (1980) feported that feeding of high
protein diet tended to Eé&ﬁce, but did not overcome the
growth depression of higher temperature. Contrary to their
findings'Payne and Lewis (1966), Pesti and Fletcher (1983},
Salmon et al. (1983) and Maurus et al. {(1987) reported- that
body weight gain can be improved with increase of protein
and energy level. But McNaughton and Reece (1984 a) reported

no difference in body weight when fed dietary energy levels

of 3100 to 3200 Kcal ME/kg.

In the present study all the four combinations of diet
tested both during Period A and Period B did not reveal any

statistically: significant difference during any phase of
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growth, thereby indicating that the growth depression could
not be compensated by manipulating dietary protein and/or
energy level. It also pointed out that the requirement per
se of protein and energy are not altered due to summer

stress.

Body weight gain

The data on body weight gain that are presented in
Table 8 revealed that the gain in body welght was
statistically similar for the groups reared during Period A
as well as in Period B upto six weeks of age. But
thereafter the gain in weight differed. At seventh week of
age, the gain recorded was 226.09 g for the birds in
Period B and 120.12 g for those in Period A. The difference
being statistically significant. Likewise, at eight wéek of
age, the body weight gain was significantly poor for thoée
birds in Period A. The trend of results is similar to the
body—weight data, in that-the gain was poorer in those birds
which are experiencing thermal stress (Period A). Dale and
Fuller {1980), Keshavarz and Fuller tl980) and Cowan and
Michie (l978j ‘reported— that body weight gain was
significantly 1lower in hot environment. Ren-Yu~-Tzeng and
Becker (1981) reported peak body weight gain (64.4g/day) at

44 days of age, then the weight géin decreased to 46.7g/day
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aL by days of age. In the present study maximum body weight
gain was recorded during fifth week of age for both Period A
and Period B. Reece and Deaton (1971 i) reported that.
temperature should be near 21°C and relative humidity 60 per
cent to optimise body weight gain and feed utilization for
the growing périod of broiler chicken on litter. The lower
gain 1in the present study may be due to higher temperature

and humidity.

The dietary treatments employed did not influence the
gain in body weight of birds reared either during Period &
or Period B. Salmon et al. (1983) reported that weight gain
from four to eight weeks of age were not significantly
affected by protein levels. Skinner et al. (1990) reported
that dietary energy had no significant effect on body weight
gain. éontrary to the present findings Waldroup et al.
(1976), Gowda et al. (1976 '), Diambra and McCartney (1985)
and Baghel and Pradhan (1988 a) reported that nutrient
density influenced-body weight gain. They reasoned that the
high energy, high protein diets contained higher proportions
of all the nutrients and probably supplied adequate amounts
of nutrients, despite lower feed intakes, leading to higher

weight gain and improved efficiency of food utilization.



128

Feed consumption

The feed consumption of the birds (g/bird/day) under
experimentation presented in Table 9 revealed that the
intake was statistically similar upto sixth week of age.
During seventh and eighth week of age, the birds reared in
Period A consumed significantly lesser feed per day (91.03
and 83.33 g respectively) than those reared during Period B.
Here again, the birds in Period A were attaining the seventh
and eighth week of age during peak summer and consequently
ate less. The present finding is in agreement with the
findings of Cowan and Michie (1978). They reported a
decreased feed intake of 72.9 to 77.4 g/bird/day from 22 to
57 days of age in broilers reared at a temperature regime of
31°c and fed with 178 to 308 g protein/kg of diet.
Al—EEPdawi and Singh (;2§9) also reported influence of
season on feed intake. They reported a daily feed intgke of
104.7 g in cold, 77.9 g in hot-humid and 64.9 g in hot-dry
season. Dale and Fuller (1980), Charles et al. (1981),
Al-Fataftah (1987) and Abasiekong (1987) reported decreased
feed consumption with increase in temperature. Koh et al.

(1989) reported that feed intake and weight gain in the hot

season were 15-20 per cent lower than in the cool season.

In the present study in both Period A and Period B the

dietary combinations tested did not significantly influence
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feed intake. Similarly Cerniglia et al. (1983) showed no
indications of selective consumption of any of the energy-
protein ratios at any temperature and difference in feed
consumption was entirely due to tempereature effect. Brown
and McCartney (1982) also reported no significant effect of
protein on the total amount of feed intake. McNaughton and
Reece (1984a) reported no difference in feed consumption

when fed dietary energy levels of 3100 to 3200 Kcal ME/kg.

Feed efficiency

The mean cumulative feed efficiency data (Table 10) did
not reveal any statistically significant difference due to
protein-energy levels in the diet either during Period A or
Pe;I;a B. The present.éinding,is in aéreement with the
findings of Tion et al. (1984). They reported that energy
and protein variation of the diets did not significantly
influence feed conversigg—efficiency. Contrary to this,
many workers reported that feed efficiency dincreased with
increase of protein (Gowda et al., 1976; Johri, 1977; Babu

et al., 1986) and energy (Coon et al., 1981; Salmon et al.,

1983).

The cumulative feed efficiency was practically similar

upto fifth week of age, both in Period A and Periocd B even
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though at second week of age it was significantly better for
birds in Period A. However, during sixth, sevénth and
eighth week of age, the efficiency was significantly better
for those birds in Period B. The birds reared during
Period B were passing through the late summer, consequently
they had more comfortable micro environment and therefore
better boéy weight as well as feed consumption resulting in
better feed efficiency. Whereas birds in Period A were
facing higher summer tempera£ure during this phase of +their
life, therefore they were under thermal stress, consequently
they have poorer body weight, low feed intake and hence
poorer feed efficiency. The present findings agree with
those reported by Hurwitz et al. (1980). They found that
feed efficiency increased with temperature to reach a
maximum at 27°C and then decreased between 27 and 34°cC.
Al-Fataftah (1987) also reported decrease in feed e?ficiency

with increasing environmental temperature.

The absence of any significant difference in body
weight, feed consumption and feed efficiency due to dietary
treatments but at the same time significant impact due to

periods suggest that the impact of temperature on broilers

is direct and not through nutrition. The observations of

Charlestgg al. (1981) is relevant. The absence in broilers

of an interaction between temperature and nutrition



131

contrasts impressively with-the 'well-documented interaction
in laying hens. They observed that in laying hens the
decrease in energy intake as temperature is increased
follows that of heat loss, bﬁt since nutrient requirement is
independent of temperature, production depression also
follows unless dietary nutrient content is increased in
compensation. They further opined that such a compensation
is ineffective in broilers. They surmised that in broilers
the effect of temperature are specific and direct and not
through nutrition. Cowan énd Michie (1978) in their effort
to reduce the growth rate depression by manipulating protein
also felt that the temperature effects on broilers were
independent and that there was no interaction between
temperature and dietary nutrient concentration suggesting'
neuro-hormonal mediation. The larger size and weight and
consequent reduction of surface area could undermine
efficiency of sensible heat loss contributing to heat stress

in broilers.

Processing vields and losses

The data on processing yields and losses presented in
Table 11 revealed that the parameters tested were neither
influenced by the dietary treatments nor by the periods.

The present findings agree with the findings of
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Kondra et al.(1962), Orr and Hunt (1984), Mahapatra et al.
(1984), Babu et al. (1987), Shyam Sunder et al. (1988),

Reddy (1989) and Satterlee et al. (1980).

Blood loss

Data presented in Table 11 revealed that per cent blood
loss ranged from 3.79 to 4.63 with an overall mean of 4.21
during Period A and 3.98 during Period B.. Mathur and Ahmed
(1968) reported per cent blood loss of 4.44 in males and
4.23 in females. Shyam Sunder et al. (1988) reported blood
loss of 3.94 to 4.88 per cent. Baghel and Pradhan (1989a)
reported blood loss of 3.82 per cent in hot, 4.40 per cent
in hot-humid and 3.58 per cent in cold season. The present
findings are in close agreement with the findings of the

above workers.

Feather loss

The mean per cent feather loss (Table 11) obtained in
the present study is 4.22 during Period A and 4.76 1in
Period B. Benoff (1981) reported per cent feather loss in
broilers as 5.40 per cent. Mathur and Ahmed (1968) reported
per cent feather loss for male broilers as 4.33 and females
as 5.86. The present finding is consistent with the findings

of above workers.
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Total loss

The per cent total loss ranged from 22.46 to 27.76 in
the present study (Table 11). The overall mean per cent
total loss for the Period A was 26.72 and for Period B was
23.45. The results obtained are in close agreement with the
findings of following workers. Shyam Sunder et al. (1988)
reported per cent total loss in broilérs fed different
le;;E; of energy and pro;éin in diets as :ranged from 16.80

to 28.20. Rejikumar (1991) reported total loss of 27.24 per

cent in broilers in summer in Kerala.

Eviscerated yield

The data on per cent eviscerated yield (Table 11)
ranged from 66.69 to 72.74 with an overall mean of 67.84 for
Period A and 71.66 for Period B. Shyam Sunder et al. (1988)
reportedl eviscerated yield of 65.74 to 67.94 per cent in
broilers fed different protein-energy diets. Jacob (1991)
reported eviscerated yield of 68.03 per cent in broilers.
The present findings are in close agreement with the

findings of the above workers.

Giblet vield

The overall mean giblet yield for Period A was 5.44 per

cent and for Period B was 4.89 per cent (Table 11). The
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mean per cent giblet .yield ranged from 4.55 to 5.74. This
findings are in agreement with the findings of Mahapatra
et al+ (1984), who reported that diet had no significant
effect on giblet weight. Contrary to this, Shyam
Sunder et al. (1988) reported that per cent giblet weight
was inversely related to the level of dietary protein.
Baghel and Pradhan (1989 5) reported that carcass traits and

organ weights were infuenced by the energy level.

Ready-to-cook vyield

The data on per cent ready to cook yield (Table 11)
ranged from 72.24 to 77.54. The overall mean per cent for
Period A was 73.28 and for Period B was 76.55. Shyam Sunder
QE__;i- (1988) reported total meat yield of 70.80 to 73.47
per cent in broilers fed different energy protein diets.
Ready-to~cook yield of 72.75 to 78.17 per cent was reported
by Reddy (1%89) in broilers fed with different energy

protein diets. The results obtained in the present study

agree with those reported by above workers.

Abdominal fat

The per cent abdominal fat presented in Table 11

revealed that neither energy, protein nor periocds influenced
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this parameter. The per cent abdominal fat ranged from 0.85
to 1.65 per cent. The overall mean per cent for Period A
was 1.44 and for Period B was 1.21. Adams et al. (1962a)
observed no significant difference in carcass fat content of
broilers reared at 21°C and 29°C. Griffiths et al. (1977)
repdrted that dietary energy concentration had no
significant effect on abdominal fat pad size. Keshavarz and
Fuller (1980) reported abdominal fat per cent of 1.01 in
broilers reared at an atmospheric temperature of 23.9 to
350¢, Baghel and Pradhan (1989 a) reported abdominal fat
loss of 1.99 per cent in hot, 1.35 per cent in hot-humid and
1.79 per cent in cold season. The results cbtained in the
present study are in close agreement with those reported by
above workers. Contrary to the above findings, Hargis and
Creger (1980), Jackson et al. (1982), Pesti (1983), Lawin
et al. (1984) and Skinner et al. (1990) reported that
abdominal fat can be altered by the manipulation of protein
and energy. Although much has been learned about the effect
of dietary factors on carcass composition it is as yet not
possible to predict carcass composition‘accurately from the

available knowledge of dietary factors. They surmised that

factors as widely differing as amino acids, crude fibre, fat

content, physical form of diet, interaction between sex,
age, genotype and nutrition have an effect on fat

deposition.



136

Plasma Protein

The data on mean plasma protein (g per cent) value
presented in Table 12 showed that this parameter tested was
neither influenced by the dietary treatments nor by the
periods. Broilers fed with different dietary treatments had-
plasma protein value within a range of 3.29 to 3.41 g per
cent. The plasma protein value for Period A was 3.36 and
for Period B was 3.27 g per cent. Deaton et al. (1969)
reported plasma protein level of 3.18 g/100 ml at a
temperature of 32.2°C. Bartov et al. (1974) reported plasma
protein 1levels of 3.54+0.24 g/100 ml in male and 3.73+0.36
g/100 ml in female broilers._Darshan et al. (1987) reported
plasma protein value of 3.76 g/1l00 ml in males and 4.50
g/1l00 ml in females. The present findings are in close
agreement with that of above workers. Contrary to the above
findings Leveille and Sauberlich (1961) reported that serum
protein was related to dietary protein level. Total serum
protein increased from 2.33 g/100 ml at 10 per cent protein

level to 3.06 g/100 ml at 25 per cent protein level.

Haemoglobin

The mean haemoglobin values(g per cent) for broilers

reared during summer are presented in Table 13 and found



137

that neither the dietary treatments nor the periods
~influenced this parameter. The mean haemoglobin value
ranged from 9.52 to 9.74 g per cent for different dietary
treatments. The overall mean values recorded for Period A
was 9.68 and for Period B was 2.53 g per cent. Deaton
et al.(1969) reported lower haemoglobin value (9.24g/100 ml)
at 32.2°C than at 7.2°C (10.97g/100 ml) in male broilers.
Birds reared at 23.9°C recorded haemoglobin value of 9.75
g/100 ml. Mean haemoglobin value of %.62 g/100 ml was
reported in broilers in summer by Nair (1983). The results

of the present work agree well with that of above workers.

- Body fat

The per cent body fat estimated as ether extract is

presented in Table 14 and found that different dietary

combinations or periods did not influence this parameter.
The mean per cent body fat ranged from 34.91 to 36.85 in
broilers fed different dietary combinatioﬁs. The overall
mean per cent body fat~E;£7Period A was 35.78 and for
Period B it was 34.13. The above results are in accordance
with the findings of Bartov et al. (1974), Nair (1983) and
Babu et al. (1987). Nair (1983) reported that ambient

temperature does not affect carcass composition. Bartov

et al. (1974) reported that amount of carcass fat at 8 or 9
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weeks of age was not affected by different calorie-protein
ratios. Babu et al. (1987) reported that in broilers fed
different energy-protein rations, carcass fat ranged from

30.22 to 46.76 per cent.
Liver fat

The per cent liver fat in breoilers fed different
experimental . diets and reared during the two periods
estimated as ether extract presented in Table 15 revealed
that the dietary treatments did not influence this
parameter. This finding is in agreement'ﬁith the findings
of Bartov et al. (1974). But it was observed that the liver
fat content was significantly higher (24.11 per cent) for
those birds reared in Period A, which reached their eighth
week of age during peak summer, than those in Period B
(22.41 per cent). The results are in accordance with the
findings of Wolford (1971) and Kazuaki Takahashi et al.
(1982) who found that environmental temperature influenced
hepatic iipid deposition. Wolford (1971) reported that birds
reared in cool environment (1.7°C) for 28 days significantly
reduced liver lipid level (9.0 g Vs 24.3g/100 g wet 1liver
weight) in comparison to those in a warm environmen£.
Kazuaki  Takahashi et al. (1982) reported significant
increase in liver lipid in chicks reared at 23-35°C than

those at 15-23°C.



139

Fat—constants

Data on mean Iodine Value and Saponification Value
presented in Table 16 does not reveal any statistical
significance between dietary treatments. Mean Iodine Value
ranged from 70.64 to 76.99 with an overall mean of 73.74.

This indicated that the fat contained more of unsaturated

fatty acids.

The overall trend of the carcass fat to be similar to
the derived dietary fat in both Iodine Value and fatty acid
composition was reported by Mickelberry et al. (1966). They
also reported that elevated temperature had no influence on
Iodine Value. Bartov and Bornstein (1976) reported Iodine
Value of abdominal fat as 70.70. The preéent findings agree
with those reported by above workers. Contrary to the
present ‘findings they found that Iodine Value varied with

the enerqgy content of the diet.

In the present work Saponification Value ranged from
147.66 to 169.49 with an overall mean of 157.74 (Table 16).
This indicate that abdominal fat contain more of long chain
fatty acids. Since poultry body fat is derived from dietary
fat as well as from liver lipogenesis, it is found that
dietary constituents had a significant .effect on the

composition of body fat in broiler type chickens.
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Mortality .

The data on per cent mortality présented in Table 17 do
not reveal any significant difference between dietary
treatments. Similar findings were reported by Pesti and
Fletcher (1983), Babu et al. (1986) and Reddy (1989). The
overall per cent mortality during Period A was 7.20 and
Period B was 6.88.Al-Fataftah (1987) reported that exposure

of broilers to temperatures exceeding 29°C significantly

increased mortality. Al-Ribdawi and Singh (1989) and Osman
et al. (1989) reported higher mortality in higher
atmospheric temperature.fwu;he main cause of death in the
present work was due to outbreak of coccidiosis. Thaxton and
Siegel (1970) suggested depression of secondary immunity by
high environmental temperatures. Reid et g;f (1976)
reported* that decrease intake of feed in summer leaa to
reduction - in coccidiostat intake. This could also have

contributed to the higher rate of mortality due to

coccidiosis.
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SUMMARY

An experiment was designed and conducted to establish
the requirements of protein and energy for broilers during
the summer season in the hot and humid atmosphere of Kerala.
In Kerala, the day time temperature starts increasing from
the month of February. Since broilers are ma;keted’around 8
weeks of age, in order to make_the two phases of growth of
broilers namély starter and finisher phase coincide -during
the peak summer four trials were planned in a span of two

years.

In each trial the following energy-protein combinations
at starter and subsequent finisher diets were tested in a

completely randomised design.

Treatment: Starter Finisher

Diet 1 22% CP:2900 Kcal ME/kg 19% CP:3000 Kcal ME/kg
Diet 2 24% CP:2900 Kcal ME/kg 19% CcP:2900 Kcal ME/kg
Diet 3 26% CP:2900 Kcal ’qsaE)kg 19% CP:3000 Kcal ME/kg
Diet 4 26% CP:2900 Kcal ME/kg 19% CP:2900 Kcal ME/kg

Two hundred and forty one-day old broiler chicks were
procured for each +trial. Each treatment had three
replicates of 20 chicks each. Trials corresponding to the

Same period for the two years were pooled and the results



were presented as Period A (started in early summer

ended in peak summer) and Period B (started in peak

and ended in late summer).

The following parameters were recorded in all the

trials and the effects of nutrients on each

parameters were studied.

1. Weekly body weight

2. Weekly body weight gain

3. Weekly.feed consumption

4. Feed efficiency

5. Livability

6. Processing information at eighth week of age

7. Abdominal fat at eighth week
8. Bodf fat and liver fat at eighth week of age
9. Fat constants
a. Saponification Value
b. Iodine Value
10. Blood analysis at eighth week

a. Plasma protein

b. Haemoglobin e

1l. Climatic parameters

of
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four
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The results obtained during the course of the study

are summarised in Table 18 and detailed as follows:

1.

Mean weekly body-weight of chicks recorded from first
week to sixth week of age did not reveal any
significant difference between periods. Analysis of
seventh and eighth weeks body weight revealed that the
difference between periods was statistically
significant (P < 0.01), while the difference among
‘dietary treatments or interactions between diet x
period were not significant. The trials that ended in
peak summer (Period A) showed significantly (P <0.01)
lower mean body weight at eight week (1182.25 g) than
the trials ended in late summer (Period B), which had a
final body weight of 1408.39g. Dietary combinations of
22:2900 in the starter and 19:3000 in the finisher
staée upto eighth week of age was found to be optimum

for growth of broilers in summer months in Kerala-

The data on body weight gain revealed +that this
parameter were not influenced by the dietary treatments
upto eighth weeks of age and by periods upto sixth week
of age. Thereafter body weight gain was influenced by
periods. Broilers reared during Period B showed higher

body weight gain than Period A. Maximum body weight
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gain was recorded at fifth week of age in both Period A
(246.19 g) and in Period B (238.13 g). At seventh
and eighth week of age, the trials that ended in March
(Period A) recorded lower body weigﬁt gain than

Period B.

3. Enalysis . of the data on feed consumptiodn (g/bird/day)

indicated that the dietary treatments did not influence
feed consﬁmption upto eighth week of age in both Period
A and Period B. BAnalysis of data period wise, did not
reveal significant difference upto sixth week of age.
However, the magnitude of difference in daily feed
consumption at seventh and eighth week of age between
Period. A and Period B was statistically (P < 0.05)
significant. The trials that ended in peak summer
(Period BA) recorded lower feed consumption during
sevénth (91.03 g) and eighth week of age (83.33 g) than
Period B, which had a feed consumption of 108.82 g
during seventh week and 99.71 g during eighth week of

age.

The data on mean cumulative feed efficiency of broilers
fed different dietary treatments revealed that there
was no significant difference between groups upto
eighth week of age. Analysis of data period-wise -

revealed feed efficiency upto fifth week of age was not
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affected barring second week and from sixth weék
onwards, Period B showed significantly (P < 0.01)
better feed efficiency than Period A. At eighth week
of age trials that ended in peak summer (Period A) had
significantly (P < 0.01) poor feed efficiency (3.28)

than that recorded during Pefiod B {(2.84).

Data on processing yield and losses did not reveal any
significant difference between dietary treatments or
pericds. The overall mean per cent blood loss for the
trials that ended in peak summer {(Period A) was 4.21
and for the trials that ended in late summer (Period B)

was 3.98.

The overall mean per cent feather loss for Period A was

4,22 and for Period B was 4.76.

It was found that the overall mean value for total
loss 26.72 per cent during Period A and 23.45 per cent

for Period B.

The percentage eviscerated yield obtained was 67.84

during Period A and 71.54 during Period B.

The overall giblet yield during Period A was 5.44 per

cent and for Period B 4.89 per cent.
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The mean per cent ready-to-cook yield was 73.28 during

Period A and 76.55 per cent during Period B.

The mean abdominal fat per cent during Period A was
l.44 and during Period B, the overall mean value was

1.21.

The mean plasma protein value (g per cent) of broilers
fed different levels of protein and energy did not
reveal any significant difference among different diets
or periods. The overall mean plasma protein value
during Period A was 3.36 g per cent and during Period B

3.27 g per cent.

The mean haemoglobin value (g per cent) of broilers fed
experimental diets at eight weeks of age did not reveal
any, significant difference among different diets or
periods. The overall mean haemoglobin value during
Period A was 9.68 and during PeriodIB was 9.53 g per

cent.

The per cent body fat estimated as ether extract during
Period A was 35.90 and in Period B it was 35.89.
Statistical analysis of the data on per cent body fat
did not reveal any significant difference among dietary

treatments or periods.
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The per cent liver fat estimated as ether extract
during Period A was 23.38 and in Perioed B 21.59.
During Period B per cent liver fat was significantly

(P < 0.01) lower than Period A.

The mean Icdine Value of abdominal fat of broilers fed

—diets 1, 2, 3 and 4 were 70.64, 73.47, 73.87 and 76.99

respectively with an overall mean of 73.74.
Statistical analysis of the data did not reveal any

significant difference between treatments.

The overall mean Saponification Value for broilers fed
different dietary treatment was 157.74. The mean
Saponification Value obtained for diets 1, 2, 3 and 4
were 165.83, 169.49, 147.66 and 147.96 1respectively.

Diefary treatments did not influence this parameter.

Per cent mortality during Period A was 7.29 and Period
B was 6.88. Dietary treatments or periods did not

influence this parameter.

The mean maximum temperature during the experimental
period inside the experimental shed ranged from 29.0 to
38.0°C and the mean minimum temperature ranged from
23.34 to 28.50°C. The relative humidity ranged from

49.5 to 87.0 per cent.
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From the overall results of the study it is concluded
that commercial broilers grown in the climatic condition of
Kerala, requires 22 per cent crude protein and 2900 Kcal
ME/kg in the starter and 19 pér cent crude protein and 3000
Kcal ME/kg in the finisher diets. Manipulation of dietary
protein and/or energy have little avail in containing the
poor growth rate in broilers observed during summer. The
physiological mechanism for poor growth rate in broiler
chicken could be other than pcor feed consumption during

summer which warrants further detailed study.
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Table 18. Consolidated performance of broilers fed
experimental diets upto 8 weeks of age.

Treatments -
Parameters Peri- =—-——==—-————--——s———osmo—ssmmmemes Overall

ods Dl D2 D3 D4 mean

Body weight A 1167.03 1208.88 1184.57 1168.52 1182.25%
at 8 weeks b
(9) B’ 1397.22 1423.56 1472.21 1340.56 1408.39

Feed consum—- A 3932.89 3856.32 3861.70 3867.80 3879.68
ption (g) :
B 4037.97 3957.50 3871.91 4075.30 3985.67

Feed effi- A 3.37 3.19 3.26 3.31 3.28%
ciency b
B 2.89 2.78 2.63 3.04 2.84
R=-to-C A 72.43 73.75 74.69 72.24 73.28
Yield (%)
B 76.49 76.08 77.54 76.10 76.55
Abdominal A 1.65 1.48 1.40 ., 1.23 1.44
fat (%)
B 1.5¢9 1.17 1.21 0.85 1.21
Plasma A 3.28 3.40 3.44 3.30 3.36
protein
(g%) B 3.25 3.41 3.22 3.26 3.27
Haemoglo- A 9.84 9.87 9.41 9.60 9.68
bin {(g%)
B 9.43 9.61 9.64 9.45 9.53
Body fat A 36.43 36.57 35.24 35.35 35.90
(%)
B 38.86 33.95 36.59 34.15 35.89

Liver fat A  23.12 22.58 23.71 24.11 23.382
(%)
B 21.00 21.26 21.57 22.54 21.59%

Mortality A 7.50 -~ 8.33 7.50 5.83 7.29"
(%)




}geﬁe'zenced




REFERENCES

Abasiekong, S.F. (1987)... Effect of environmental
temperature on broiler meat production, growth
pattern and carcass composition. Indian J. Anim.
Res., 21(1): 1-4.

Adams, R.L. and Rogler, J.C. (1968). The effect of
environmental temperatures on the protein
requirement and response to energy in slow and fast
growing chicks. Poult.Sci., 47: 579-586.

Adams, R.L., Andrews, F.N., Rogler, J.C. and Carrick, C.W.
(1962 a). The protein requirement of 4-week old
chicks as affected by temperature. J. Nutr., 77:
121-126.

Adams, R.L., Andrews, F.N., Gardiner, E.E., Fontaine, W.E.
and Carrick, C.W. (1962 Db). The effects of

environmental temperature on the growth and
nutritional requirements of the chick. Poult. Sci.,
41: 588-594. '

*akiba, Y., Aoki, T., Toyomizu, M. and Horiguchi, M. (1989).
Effects of dietary protein, carbohydrate and fat on
hepatic lipid accumilation in estrogenized starved-
refed chicks. Jap.J. Poult. Sci., 26: 1-9.

*pl-Fataftah, A.A.{(1987). Effect of high temperature on
broiler performance. Dirasat., 14(1): 179-190.

Al-Ribdawi, Y. and Singh, R.A. (1989). Effect of protein
level and stocking density on broiler performance

in different seasons. Indian J. Poult.Sci.. 24(1):
40-45.,



151

Anon. (1975). 1India - a Reference Manual. Publication
Divisison, Ministry of Information -and
Broadcasting, New Delhi..

Anon. (1990). Indian Poultry Industry Year Book-1990, Ed.
' S.P. Gupta, A-25, Priyadarshini vihar, New Delhi,
9th ed., pp.6-92.

r .

A.Q.A.C. (1980). Association of O0Official Agricultural
Chemists. Official Methods of Analysis, 13th ed.,
Washington, D.C.

Arjona, A.A.;- Deénbow, D.M. and Weaver, Jr. W.D. (1988).
Effect of heat_ _stress in l1life on mortality of
broilers exposed to high environmental temperatures:
just prior to marketing. Poult. Sci., 67(2): 226-
231.

Babu, M., Sunderarasu, V. and Kothandaraman, P. (1986).
Studies on energy and protein requirement of
broiler chicken. Indian J. Poult. Sci., 22(4): 275-
'279.

L

Babu, M., Prabhakaran, R., Sundararasu, V. and Gabriel Raj,
A. (1987). Effect of dietary protein and energy on
broiler carcass characteristics. Kerala J. Vet.
Sci., 18(2): 1-6.

Baghel, R.P.S. and Pradhan, K. (1988 a). & note on the
effect of ‘varying energy and protein with fixed
levels of limiting amino acids on certain carcass
traits of broilers. Indian J. Poult. Sci., 23(3):
226-229.




Baghel,

Baghel,

Baghel,

Baghel,

Bartov,

Bartov,

Bartov,

152

R.P.S. and Pradhan, K. (1988 b). Influence of
dietary energy, protein and limiting amino acid
levels on live weight and dressing yields in
broilers. Indian J. Poult. Sci., 23(3): 240-242.

R.P.S. and Pradhan, K. (1989 a). Carcass traits,
organ weights and bone:meat ratios of broilers
influenced by energy and protein level at fixed
levels of limiting amino acids during hot season.
Indian J. Anim. Sci., 59(1): 189-195.

R.P.S. and Pradhan, K. (1989 b). Studies on energy
and protein requirement of broilers during hot
humid season at fixed level of limiting amino acid.
Indian J. Poult. Sci., 24(2): 127-132.

R.P.5. and Pradhan, K. (1991). 1Influence of dietary
energy and protein level on the utilization of
metabolizable energy in broilers during hot humid
season. Indian Vet:. J., 68(2): 139-144.

I. (1987). Combined effect of age and ambient
temperature on the comparative growth of broiler
chicks fed tallow and soyabean oil. Poult. Sci.,
66(2): 273-279.

I. (1989). Lack of interactive effect of Nicarbazin
and dietary energy to protein ratio on performance

and abdominal fat pad weight of broiler chicks.
Poult. Sci., 68: 1535-1539.

I. and Bornstein, S. (1976). Effects of degree of
fatness in broilers on other = carcass
characteristics : Relationship between fatness and
the composition of carcass fat. Br. Poult. Sci.,
17(1): 17-27.




153

Bartov, I., Bornstein, S. and Lipstein, B. (1974). Effect of
calorie to protein ratio on the degree of fatness
in broilers fed on practical diets. Br. Poult.
Sci., 15: 107-117.

Benjamin, M.M. (1979). Outline of Veterinary Clinical
Pathology. The Iowa State University Press, USA,
3rd ed. pp. 60-64.

Benoff, F.H. (198l). Carcass, organ and by-product weights
as related to live weights of male and female
broilers. Poult. Sci., 60(7): 1595.

Bhargava, K.K. (1982). Effect of protein and energy levels
on performance of female broiler chicks. Poult.
Sci., 61(7): 1417.

Broadbent, L.A., Wilson, B.J. and Fisher, C (198l1). The
composition of the broiler chicken at 56 days of
age: Output, components and chemical composition.
Br. Poult. Sci., 22(4): 385-390.

Brown, H.B. and McCartney, M.G. (1979). Effect of dietary
protein and feed restriction time on broiler
performance. Poult. Sci., 58(4): 1039.

Brown, H.B. and McCartney, M.G. (1982). Effect of _dietary
energy-protein and feeding time on broiler
performance. Poult. Sci., 61(2): 304-310.

Carpenter, K.J. and Clegg, K.M. (1956). The metabolizable
energy of poultry feeding stuffs in relation to
their chemical composition. J. Sci. Fd. Agric., 7:
45-51. ;



154

Cerniglia, G.J., Bebert, J.A. and Watts, A.B. (1983). The
effect of constant ambient temperature and relation

on the performance of sexed broilers. Poult. Sci.,-
62(5): 746-754.

Chambers, J.R. and Fortin, A. (1984). Live body and
carcass measurements on prediction of chemical

composition of carcasses of male broiler chicken.

Charles, D.R., Groom, C.M. and Bray, T.S$. (1981). The
effects of temperature on broilers: Interaction

between temperature and feeding regime. Br. Poult.
Sci., 22(6): 475-481.

Chatterjee, A.K. and Acharya, R.M. (1990). Poultry Industry
in India. A profile. Indian Poultry Industry Year
Book-1990 Ed. §S.P. Gupta, A-25, Priyadarshini
Vihar, Delhi, PP -4 '

Chaudhary, M.K., Aggarwal, C.K., Preethi, S.P. and Chopra,
S.K. (1985). Effect of early protein restriction
'on body weight, physical measurements, cooking loss
and chemical composition of sexed birds. Haryana
Agri. Uni. J. Res., 15(4): 381-394.

Chaudhary, M.K. and Aggarwal, C.K. (1986). Effect of early
protein restriction on the meat quality of
broilers. Indian J. Poult. Sci., 21(1): 61-63.

Cherry, J.A., Beane, W.L. and Weaver, Jr. W.D. (1978). The
influence of dietary energy on the performance of
broilers reared under different lighting regimes.
Poult. Sci., 57: 998-1001.




155

Clegg, K.M. (1956). The application of anthrone reagent to
the estimation of starch in cereals. J. Sci. Ppd.

Agric., 7: 40-44.

Coon, C.N., Becker, W.A. ang Spencer, J.v, . (1981). The
effect of feeding high enerqgy diets containing
supplemented fat on broiler weight gain, feed
efficiency and carcass composition. Poult. Sci.,
60: 1264-1271,

Cowan, P.J. and Michie, W. (1978). Environmental
temperature and broiler performance. The use of
diets containing increased amounts of protein. Br.
Poult. Sci., 19: 601-605,

Dale, N.M. and Fuller, w#.1n. (1978). Effect of ambient
temperature ang dietary fat on feed preference of
broilers. Poult. Sci., 57;: 1635-1640.

Dale, N.M. ang Fuller, H.L. (1979 a. Effect of diet
Composition on feed intake and growth of chickg
under heat stress. 1. Dietary fat levels. poult.
Sci., 58: 1529-1534.

Paley™N.M. and Fuller, H.LI"(1979 b). The value of high fat

diets for broilers under heat stress. Poult. sci.,
58: 104s.

Dale,N.M. and Fuller, §.1. (1980). Effect of diet
composition on feed intake and growth of chicks
under heat stress. 11, Constant Vs Cycling
temperatures. Poult Sci., 59(7): 1434-1441,



156

Darshan, N., Panda, J.N. and Dev Roy, A.K. (1987). Studies
on the biochemical parameters of the blood of adult
broiler parents. Indian J. Poult. Sci., 22(2): 138-
140.

Deaton, J.W., Reece, F.N. and Vardamen, T.H. (1968). The
effect of temperature and density on broiler
performance. Poult. Sci., 47: 293-300.

Deaton, J.W., Reece, F.N. and Tarvar, W.J. (1969).
Haematocrit, haemoglobin and plasma protein levels
of broilers reared under constant temperatures.
Poult. Sci., 48(6): 1993-1996.

Deaton, J.W., Reece, F.N., Kubena, L.F., May, J.D. and
Vardamen, T.H. {1973 a). The effect of low versus
moderate rearing temperature on broiler
performance. Poult. Sci., 52: 1175-1178.

Deaton, J.W., Reece, F.N., Kubena, L.F. and May, J.D. (1973

b). The effect of temperature during the growing
period on broiler performance. Poult. Sci., 52:
2018.

Deaton, J.W., Reece, F.N., and McNaughton, J.L. (1978). The
effect of temperature during the growing period on
broiler performance. Poult. Sci., 57(4): 1070-1073.

Deaton, J.W., McNaughton, J.L., Reece, F.N. and Lott, B.D.
(1981). Abdominal fat of broilers as influenced by
dietary level of animal fat. Poult. Sci., 60(6):
1250-1253.




157

Deaton, J.W., Reece, F.N., and Lott, B.D. (1984). Effect of
differing temperature cycles on broiler
performance. Poult. Sci., 63: 14.

Diambra, O.H. and McCartney, M.G. (1984). The effect of low
protein finisher diets on broiler male performance
and abdominal fat. Poult. Sci., (SPSS and PSA
Abstr.) 63(1): 91.

Diambra, ©O.H. and McCartney, M.G. (1985). The effects of
low protein finisher diets on broiler male
performance and abdominal fat. Poult. Sci.,64(10):
2013-2015.

Donaldson, W.E., Combs, G.F. and Romoser, G.L. (1956).
Studies on energy levels in poultry ratigns. 1. The
effect of calorie-protein ratio of the ration on
growth, nutrient utilization and body composition
of chicks. Poult. Sci., 35(5):1100.

*Ekermans, L.G.,Meissner, H.H. and Maree en Linda du Plessis

(1988). Effect of dietary energy concentration on
the performance of broilers. S. Afr. J. Anim. Sci.,
18(4): 143.

El Huseiny (1979). The effect of ambient temperature on
nutrient wutilization of broiler chicks to 21 days
of age. Poult. Sci., 58: 1054.

Erﬁ%t, R.A., Weathers, W.W. and Smith, J.M. (1982). Effect
" of heat stress on growth and feed conversion of
broiler chicks. Poult. Sci., 61(7): 1460.




158

Essary, E. O., Holmes, C.E. and Beane, W.L. (1964).
Influence of feeding two levels of protein and
energy in broiler rations on live weight, feed
conversion, dressing percentage and certain carcass
evaluation. Poult. Sci., 43(2): 1316.

Essary, E.O., Dawson, L.C., Wisman, E.L. and Holmes, C.E.
(1965). 1Influence of different levels of fat and
protein in broiler rations on live weight, dressing
percentage and specific gravity of carcass. Poult.
Sci., 44(1): 304-305.

Farr, A.J., Hebert, J.A. and Johnson, W.A. (1977). sStudies
of the effects of dietary energy levels and
commercial broiler strain on live bird, dry carcass
and abdominal fat weights. Poult. Sci., ., 56(5):
1713.

Fisher, H., Hollands, K.G. and Weiss, H.S. (1962).
Environmental temperature and composition of body
fat. Proc. Soc. Exp. Biol. Med., 110: 832-833.

Fraps, G.S. (1943). Relation of the protein, fat and energy
of the ration +to the composition of chickens.
Poult. Sci., 22(2): 421-424.

Fuller, H.L. (1976). Protein and enerqgy levels for broiler
rations. Proc. Ga. Nutr. Conf., 127-133.

Godfrey, E.F. and Winn, P.N.Jr. (1966). Temperature and
hunmidity their effects on broiler performance.
Maryland Agric. Exp. Sta. Misc. Pub., 592,

' Gornall, A.G., Bardawill, C.J. and David, M.M. (1949).
Determination of serum protein by means of the
biuret reaction. J. Biol. Chem., 177: 751-756.




159

Gowda, D.G., Rao, P.V., Sadagopan, V.R. and Panda, B. (1976

“) . Studies on protein requirement of purebred
broiler chicks. Indian J. Anim. Sci., 46(3): 143-

146.

Griffiths, L., Leeson, S. and Summers, J.D. (1977).
Influence of energy system and level of various fat

sources on performance and carcass composition of
broilers. Poult. Sci., 56: 1018-1026.

Griffiths, L., Leeson, S. and Summers, J.D. (1978). Studies
on abdominal fat with four commercial strains of
male broiler chicken. Poult. Sci., 57(2): 1198-
1203.

Hammond, J.C. (1950). Some effects of the poultry men and
his management on the efficiency of broiler
production. Poult. Sci., 29(1): 293.

Hargis, P.H. and Creger, C.R. (1980). Effects of varying
dietary protein and energy levels on growth rate

and body fat of broilers. Poult. Sci., 59(7): 1499-
1504.

Harris, Jr.G.C., Waldroup, P.W. and Nelson, G.S. (1977).
The interaction of dietary energy and amino acid
levels on the response of broiler chickens to a

high humidity atmosphere. Nutr. Rep. Int., 16(5):
587.

Hayse, P.L. and Marion, W.W. (1973). Eviscerated vyield,
component parts and meet, skin and bone ratios in
the chicken broiler.Poult. Sci., 52: 718-722.




160

Hebert, J.A., Teh, R., Farr, A.J. and Watts, A.B. (1979}.
The effect of increasing or decreasing
metabolizable energy levels during phases of
broiler growth. Poult. Sci., 58(6)}: 1066.

Hill, F.W. and Dansky, L.M. (1950). Studies of the protein
requirements of chicks and its relation to dietary
energy level. Poult. Sci., 29: 763.

Hill, F.W. and Dansky, L.M. (1954). Studies of the energy
requirements of chickens. 1. The effect of dietary

energy level on growth and feed consumptlon. Poult.
Seci., 33(1): 112-119.

Huggins, G. and Lewis, R.W. (1980). Precisely controlled
temperature variation effects on edible yield of

laying and broiler stock. Poult. Sci., 59(9): 456-
458.
Hurwitz, S., Weiselberg, M., Eisner, U., Bartov, I.,

Riesenfeld, G., Sharvit, M., Niv, A. and Bornstein,
S. (1980). The energy requirements and performance
"of growing chickens and turkeys as affected by
environmental temperature. Poult. Sci., 59(9):
2290-2299. o

Husseini, M.D., Diab, M.F., Salman, A.J. and Dandan, A.M.
(1987). Effect of dietry protein, energy levels
and bird stocking density on the performance of

broilers under elevated temperature. Nutr. Rep.
Int., 36(2): 261-272.

I.C.A.R. (1977). Hand book of Animal Husbandry. Indian

Council of Agricultural Research, New Delhi, 3rd
ed- ppc 11_13-




16l

I.C.A.R. (1985). Nutrient Requirements of Livestock and
Poultry. Publication and Information Division,
Indian Council of Agricultural Research, New Delhi.

I.S5.I. (1977). Bureau of Indian Standards. Indian _Standard
Specification for Poultry Feeds. IS: 1374, Third
revision, Manak Bhavan, 9 Bahadurshah Zafar Marg,
New Delhi. ’

Jackson, S., Summers, J.D. and Leeson, S. (1982). Effect of
dietary protein and energy on broiler carcass
composition and efficiency of nutrient utilization.
Poult. Sci., 61(11): 2224-2231.

Jacob, J. (1991). Effect of housing systems on performance
of broilers in summer. M.V.Sc. Thesis submitted to
the Kerala Agricultural University, Trichur.

Janky, D.M. and Harms, R.H. (1982). Processing vyields as
affected by dietary potassium chloride and energy
levels in summer and winter. Poult. Sci., 61(7):
1483.

Janky, D.M., Riley, P.K. and Harms, R.H. (1976). The effect
of dietary energy level on dressing percentage of
broilers. Poult. Sci., 55: 2388-2390.

Jenson, L.S., Brenes, A. and Takahashi, K. (1987). Effect of

early nutrition on abdominal fat in broilers.
Poult. Sci., 66(9): 1517-1523.

Johri, T.S. (1977). Protein requirements of purebred broiler
chicken. Indian Poult. Gaz., 61(1): 20-24.




le2

Jones, R.L. and Wiseman, J. (1985). Effect of nutrition on
broiler carcass composition: Influence of dietary
energy content in the starter and finisher phases.
Br. Poult. Sci., 26(3): 381-388.

Joshi, R.C. and Kumar, V. (1986). Broiler growth pattern in
relation to feed consumption and environment
temperature. J. Remount Vet. Crops., 25(1): 35-37.

(Poult Abstr., (1987) 13(2): 212.)

Jull, M.A. (1951). Poultry Husbandry 3rd ed., McGraw Book
Co. Inc., New York, pp. 436-470.

Kanat, R. (1987). Effect of varying protein and
supplementary = fat levels on abdominal fat
deposition in broiler chicken. Poult. Sci.,

{(Abstr}, (1988): 14(1): 25.

Kazuaki Takahashi, Jensen, L.S. and Bolden, S.L. (1982).
Effect of environmental temperature, diet and
"oestrogen on hepatic 1lipid deposition in chicks.
Poult. Sci., 61(7): 1553.

Kelly, M. and Potter, L.M. (1971). Protein requirements
and value of added fat and antibiotics in diets of
broiler chicken. Poult. Sci., 50: 1590.

Keshavarz, K. and Fuller, H.L. (1980). The influence of
widely fluctuating temperatures on heat production

and energetic efficiency of broilers. Poult. Sci..,
59: 2121-2128.




163

Knestrick, R.C. and Yacowitz, H. (1976). Energy, protein

and strain effects on broiler performance. Poult.
Sci., 55(4): 1597.

Koh, M.T., Wei, H.W. and Shen, T.F. (1989). The effects of
environmental temperature on protein and energy
requirements of broilers. J. Taiwan Livestk. Res.,
22(2): 23-41.(Poult. Abstr., (1991)17(5): 1108.)

Kondra, P.A., Richards, J.F. and Hodgson, G.C. (1962). The
effect of sex, ration, strain on meat yield and its

determination in chicken broilers. Poult. Sci., 41l:
922-927.

Kubena, L.F., Lott, B.D., Deaton, J.W., Reece, F.N. and May,
J.D. (1972). Body composition of chicks as

influenced by environmental temperature and
selected dietary factors. Poult. Sci., 51: 517-
522.

Kubena,' L.F., Chan, T.C., Deaton, J.W. and Reece, F.N.
(1974). Factors influencing the quantity of
abdominal fat in broilers. 3. Dietary energy
levels. Poult. Sci., 53: 974-978.

Lawin, D.E., Touchburn, S.P., Chan, C.W. and Chavez, E.R.
(1984). Effect of dietary energy and protein
levels on the abdominal fat of Dbroilers. Poult.
Sci., 63(1): 134-135. i

Leclerq, B.(1983). The influence of dietary protelin content
on the performance of genetically lean or fat
growing chicken. Br. Poult. Sci., 24(1): 581-587.




lo4

Leeson, S. and Summers, J.D. (1980). Production and carcass
characteristics of the broiler chicken. Poult.

Leveille, G.A. and Sauberlich, H.E. (1961). Influence of

dietary protein level on serum protein components

— and cholestrol im-the growing chick. J. Nutr., 74:
500-504.

*Lilburn, M.S., Miller, D. and Smith, J.H. (1986). The
relationship between diet and performance of
commercial broiler males fed low energy starter
ration. Poult. Sci.,(PSA and SPSS Abstr.) 65(1):
179. )

Mabray, C.J. and Waldroup, P.W. (1981). The influence of
dietary energy and amino acid 1levels on
abdominal fat pad development of the broiler

chicken. Poult. Sci., 60: 151-159.

Mahapatra, C.M., Pandey, N.K. and Verma, S.S. (1984).
Effect of housing system, strain and sex on carcass
characteristics and meat guality of broilers.
Indian J. Poult. Sci., 19(1): 29-33.

March, B.E., Carol MacMillan and Stanley Chu (1984).
Characteristics of adipose tissue growth in broiler-
type chickens to 22 weeks of age and the effects of
dietary protein and 1lipid.Poult. Sci., 63(11):
2207-2216.

Marks, H.L. and Pesti, G.M. (1984). The roles of protein
level and diet form in water consumption and
abdominal fat pad deposition of broilers. Poult.
Sci., 63(8): 1617-1625. - .



Mathur, C.R. and Ahmed, M.T. (1968). A study of processing
losses and meat yields of broilers at 10 weeks of
age. Indian Vet. J., 45: 1033-1037.

*Maurus, E.M., Roth, F.X., Ristic, M. and Kirchgebner, M.
(1987). Performance and carcass yield of male
broilers after prolongated finisher period. Arch.

Geflugelk., 1:27.

McDowell, R.E. (1972). Improvement of Livestock Production
in Warm Climates. W.H. Freeman & Co., San
Fransisco, pp. 3-21.

McNaughton, J.L. and Reece, F.N. (1982). Dietary energy
requirements of broilers reared in low and moderate
environmental temperatures. 1. Adjusting dietary
energy to compensate for abnormal environmental®
temperatures. Poult. Sci., 61(9): 1879-1884.

McNaughton, J.L. and Reece, F.N. (1984 a). Factors affecting
pelleting response. 1. Influence of dietary enn~rgy
in broiler starter diets. Poult. Sci., 63(4): 682.

McNaughton, J.L. and Reece, F.N. (1984 D). Response of
broiler chickens to dietary energy and lysine

levels in a warm environment. Poult. Sci., 63(6):
1170-1174.

Mellor, D.B. and Fowler, J.C. (1977). The effect of dietary
energy level and withdrawal time on dressing
percentage in broilers. Poult. Sci., 56(5): 17309.

Mendes, A.A. and Cury, P.R. (1988). Effects of dietary

energy levels and sex on broiler performance and
carcass traits. Poult. Abstr., 14(7): 1716.




166

*Mendes, A.A., Ancona, L.H., Laveaga, A.E. and Franco, J.G.
(1L989). Abdominal fat in broiler chickens. 3.
Effect of metabolizable energy and energy to
protein ratio of the diet. Pesg. agropec. bras.
Brasilia. 24(1): 91-95.

Mickelberry, W.C., Rogler, J.C. and Stadelman, W.J. (1966).

: The influence of dietary fat and environmental

temperature upon chick growth and carcass
composition. Poult. Sci., 45: 313-321.

Milligan, J.L. and Winn, P.N. (1964). The influence of
temperature and humidity on broiler performance in

environmental chambers. Poult. Sci., 43(4): Bl7-
824.

Moran, Jr. E.T. (1978). Consequences of inadequate grower
protein on broiler chicken carcass quality. Poult.
Sci., 57: 1160.

Moran, Jr. E.T. (1979). Carcass quality changes with the
broiler chicken after dietary protein restriction
during the growing phase and finishing period
compensatory growth. Poult. Sci., 58(5): 1257-1270.

Moran, Jr. E.T. (1980). Early protein restriction of the
broiler chicken and carcass quality upon later
marketing. Poult. Sci., 59(1): 378-382.

Morgan, G.W.Jr. and Glick, W.(1972). A qualitative study of
serum protein in bursectomized and irradiated
chicken. Poult. Sci., 51: 771.

£

Mountney, G.J. (1976). Poultry Products Technology, 2nd ed.
The AVI publishing company, West Fort, Connecticut,
Inc. pp. 54-55.




167

Mukhtar, 5., Aslam, Z. and Sarwar, M. (1985). Effect of
varying protein levels on the performance of
broiler chicken. Pakistan Vet. J. 5(3): 124-126.

Multani, A.S., Makkar, G.S. and Ichhponani, J.S5. (1991).
Effect of energy, protein and seascon on the

performance of broilers. Indian J. Poult. Sci.
26(3): 136-141.

Musharaf, N. and Latshaw, J.D. " (1981l). Protein levels and
their effect on broiler growth and energy
utilization. Poult. Sci., 60(7): 1700.

Nair, P.N.R. (1973). Evolutionary cross breeding as a basis
for cattle development in Kerala State (India).
M.V.S5c. Thesis presented to the Faculty of
Veterinary Medicine, University of Zurich. :

Nair, R.S. (1983). Environmental aspects of rearing chicken
in tropical summer. Ph.D. Thesis submitted to the
Tamil Nadu Agricultural University, Coimbatore.

*Nakamura, K., Tokumitsu, S. and Tokunaga, H. (1988). Effect
of diets with different protein and metabolizable
energy and optimum market age on’ the broiler. Jap.
J. Poult. Sci., 25: 319-320.

N.R.C. (1984). National Research Council. Nutrient
Requirements of Poultry, Naticnal Academy of
Sciences. National Research Council, Washington,
D.C.

Nesheim, M.C., Austic, R.E. and Card, L.E. (1979). Poultry .
Production. 12th ed. Lea and Febiger,
Philadelphia, pp. 146-151.




le8

North, M.O. (1984). Commercial chicken production Mannual.
3rd ed. AVI Publishing Company, Inc, Westfort,
Connedicut.

*Qkorie, A.U., Anugwa, F.0.I. and Osakwe, I.I. (1988). A re-
evaluation of the protein and energy requirements
of starting and finishing broiler chicks in the
tropics. Arch. Geflugelk 52{(2): 55-61l.

Olomu, J.M. and Ooffiong, S.A. (1980). The effects of
protein and energy levels and time of change from
starter to finisher rations on the performance of

broller chickens in the tropics. Poult. Sci., 59:
826-835.

Omer, M.I. and Musharaf, N.A. (1987). Broiler chicken
performance in the tropics when fed different
protein and amino acid levels. Poult. Sci. (PSA and
SPSS Abstr.) 66(1): 154.

Onwudike, 0.C. (1983). Enexrgy and protein requirements of
'‘broiler chicks in the humid tropics. Trop. Anim.
Prod., 8(1): 39-44. (Poult. Bbstr., (1987)
10(1): 191).

Orr, H.L. and Hunt, E.C. (1984). Yield of carcass parts,
meat, skin dnd bone of light strains of broilers.
Poult. Sci., 63(11):2197-2200.

*Osman, A.M.A., Tawfik, E.S., Klein, F.W. and Hebeler, W.
(1989). Effect of environmental temperature on
growth, carcass traits and meat gquality of broilers
of both sexces and different ages l.Report: Growth.
Arch. Geflugelk., 53(4): 160~175.




le9

Panda, N.C. and Mitra, A. (1971). Effect of season of hatch
on production performance of White Leghorns. Indian
Vet. J. 48: 822.

Parkhurst, R.T. (1967). Commercial broiler production 37.
Agricultural Handbook No.320, USDA. Agricultural
Research Service.

Payne, C.G. and Lewis, D. (1966). Fats and amino acids in
broiler rations. 5. Energy-protein balance in
starter rations. Br. Poult Sci., 7: 199.

Pesti, G.M. (1983). The influence of dietary protein level
on water intake and abdominal fat pad weights in
broilers. Poult. Sci., 62(2): 1482. ’

Pesti, G.M. and Fletcher, D.L. (1983). The response of male
broiler chickens to diets with various protein and
energy contents during the growing phase. Br.
Poult. Sci., 24(1): 91-99.

Pesti, G.M. and Fletcher, D.L. (1984). The response of male
broiler chickens to diets with various protein
contents during the grower and finisher phases. Br..
Poult. Sci., 25(3): 415-423.

Pesti, G.M. and Smith, C.F. (984). The response of growing
" broiler chickens to dietary contents of protein,
energy and added fat. Br. Poult. Sci., 25: 127-138.

Rao, G.V. (1971). Seasons_of hatching on the production
characteristics of White Leghorn fowls. Indian Vet.
J., 48(6): 592-598.




170

Rao, P.V., Johri, T.S. and Sadagopan, V.R. (1973). sStudies
on the optimum protein and energy requirements of
different broiler breeds. Scient. Rep. Poultry
Research Divison, IVRI, Izatnagar.

Reddy, S.V. (1989). Effect of early restriction of protein
and energy on the performance of broilers. M.V.Sc.
Thesis submitted to the Andra Pradesh Agricultural
University, Tirupathi.

Reddy, M.S. and Varadarajulu, P. (1984). Lipid characteris-
tics of Dbroiler carcass fat as influenced by
strain, diet and age. Indian J. Anim. Sci., 54(10):
973-976.

Reece, F.N. and Deaton, J.W. (1971 :.). Use of evaporative
cooling for broiler chicken production in areas of
high relative humdity. Poult. Sci., 50: 100-104.

Reece, F.N. and Lott, B.D. (1983). The effects of
temperature and age on body weight and feed
efficiency of broiler chickens. Poult. Sci.,

62(9): 1906-1908.

Reece, F.N., Lott, B.D. and Deaton, J.W. (1984). The effect
of feed form, protein profile, energy level and
gender on broiler performance in warm (26.7°C)
environments. Poult. Sci., 63(10): 1906-1911. :

Reece, F.N., Deaton, J.W. and Kubena, L.F. (1972). Effect of
high temperature -and humidity on heat prostration
of broiler chickens. Poult. Sci., 51: 2021-2025.




171

Reid, W.M., Hines, T.K., Johnson, J. and Stino, K.R. (1976).
Coccidiosis: Effect of high environmental
temperature on anticoccidal protection. Poult.
Sci., 55(4): 1436-144].

Rejikumar, T.P., (1991). Formulation and quality evaluation
of chicken meat balls. M.V.Sc. Thesis submitted to
Kerala Agricultural University, Trichur.

Ren-Yu-Tzeng and Becker, W.A. (198l1). Growth patterns of
" body weight and abdominal fat weights in male
broiler chickens. Poult. Sci., 60(6): 1101-1106.

Rosebrough, R.W. and Steele, N.C. (1985 :). Energy and
protein relationships in the broiler: 1. Effect of
protein levels and feeding regimes on growth, body
composition and in-vitro lipogenesis of broiler
chicks. Poult. Sci., 64(1l): 119-126.

Sadjadi, M. and Becker, W.A. (1980). Relationship between
fat in Dbreast and thigh muscles and skin with
abdominal fat from mated and unmated coturnix
quail. Poult. Sci., 59(11): 2462-2466.

Salmon, R.E., Classen, H.L. and McMillan, R.K. (1983).
Effect of starter and finisher protein on
performance, carcass grade and meat yield of
broilers. Poult. Sei<, 62(1): 837-845.

Satterlee, D.G., Farr, A.J., Gilderslave, R.P. and Kamus,
N.L. (1980). Factors affecting broiler processing

parameters and plasma corticosterone. Poult.
Sci., 59(7): 1571.



172

Saxena, A.K. and Singh, K.S. (1976). Effect of pre-starter
‘diets on performance of broiler chicks. Indian J. .
Poult. Sci., 11(3): 132-138.

Scott, M.L., Nesheim, M.C. and Young, R.S. (1976).
Nutrition of the chicken, 2nd ed. M.L. Scott and
Associates, Ithaca, New York, pp. 25.

Shyam Sunder, G., Sadagopan, V.R. and Maitra, D.N. (1988).
Influence of varying dietary proteins and energy
levels on the performance of purebred broiler

—— chicks. Indian J.-Poult. Sci., 23(1): 72-78. '

Siegel, H.S. (1977). Growth and Poultry Meat Production. Ed:
Boorman, K.N. and Wilson, R.J. British Poultry
Science Ltd., Edinburgh, pp. 187-226.

Sinurat, A.P. and Balnave, D. (1984). High temperature
studies with broilers, the effect of dietary amino
acids and metabolizable energy. Poult. Abstr.,
11(4): 625.

Sinurat, A.P. and Balnave, D. (1985). Effect of dietary
amino acids and metabolizable energy on the
performance of broilers kept at high temperatures.
Brx. Poult. Sci., 26(1): 117-128.

_ Skinner, J.T., Izat, A.L. and Waldroup, P.W. (1990). Effects
of dietary energy level on performance and carcass
quality of broilers of 42 to 49 days of age.
Poult. Sci., 69(1): 125.

Smith, M.0. and Teeter, R.G. (1987). Influence of feed
intake and ambient temperature stress on the
relative yield of broiler parts. Nutr. Rep. Int.,
35(2): 299-306.(Poult. Abstr. (1987) 13(7): 1313).




173

Snedecor, G.W. and Cochran, W.G. {1267). Statistical -
Methods, 6th ed., Iowa State University Press,
Ames, Iowa.

Somanathan, V.L. (1980). Bio-climatological studies on dry
matter intake and water consumption of growing
livestock. M.V.Sc. Thesis submitted to Kerala
Agricultural University, Trichur. .

Sonaiya, E.B. and Benyi, K. (1983). Abdominl fat in 12 to
16 week o0ld broiler birds as influenced by age, sex
and strain. Poult. Sci:, 62(9): 1793-1799. -

Spring, J.L. and Wilkinson, W.S. (1957). The influence of
" dietary protein - and energy level on body
composition of broilers. Poult. Sci., 36: 1159.

Sturkie, P.D. (1976). Avian Physiology 3rd ed. Springer-
Verlag, New York, pp. 63-182.

Sudhakar, J., Ravindra Reddy, V., Rao, P.V. and Reddy, D.N.
(1988). sStudies on comparative economics of sexed

broilers and cock;els fed different protein-energy
levels. Indian J. Poult. Sci., 23(2): 153-158.

Summers, J.D. and Leeson, S. (1979). Composition of poultry
meat as affected by nutritional factors. Poult.
SCi-, 58: 536"'542-

Sunde, M.L. (1956). A relationship between protein level

and energy level in chick rations. Poult. Sci.,
35(2): 350-354.




174

Swain, S. and Farrel, D.J. (1975). Effect of different
temperature regimes on body composition and carry
over effects on energy metabolism of growing
chickens. Poult. Sci., 54(2): 513-520.

Sykes, A.K. (1977). ©Nutrition and the Climatic Environment,
Butterworths, London, pp. l7-26.

Thaxton, P. and Seigel, H.S. (1970). Immunosuppression in
young chickens by high environmental temperature.
Poult. Sci., 49: 202-205.

Thiagarajan, M. (1989). Effect of environmental heat stress
on performance of crossbred dairy cattle. Ph.D.
Thesis submitted to Kerala Agricultural University,
Trichur.

Thomas, O.P.' and Combs, G.F. (1967). Relationship between
serum protein level and body composition in the
chick. J. Nutr., 91: 468-471.

Tion, M.A., Stott, N.M. and Briles, C.0. (1984). The
effects of energy-and protein on growth rate and

carcass dquality of broilers. Poult. Sci.(Abstr.),
63: 41.

Touchburn, S., Simon, J. and Leclercqg (1981l). Evidence of a
glucose-insulin imbalance and effect of dietary
protein and energy level in chickens selected for
high abdominal fat content. J. Nutr. 111l: 325-335,



175

*Trigﬁade, D.S., Cavalheiro, A.C.L., Oliveira, M.F.G.De.,
“ Oliveira, S.C. and Arnt, L.M. (1982 a). Effect of
dietary protein level during the period from 4 to 8
weeks old on performance and carcass composition of
broiler chicken. Francisco Osorio., 9: 7-20.
(Poult. Abstr., (1985) 11(6): 1082).

*Trinadade, D.S.,Cavalheiro, A.C.L., Oliveira, M.F.G.De. and
Oliveira, S.C. (1982 b). Effect of dietary energy
. and feeding programme on performance and carcass
composition of broiler chicken. Francisco 0sorio.,

9: 21-37 (Poult. Abstr., (1985) 11(6): 1083).

*Prinada~de, D.S., Cavalheiro, A.C.L., Oliveira, M.F.G.De.
and Oliveira, $.C. (1983). Protein in diets for
broiler chickens. Francisco Qsorio., 10: 29-38.
(Poult. Abstr., (1986) 12(7): 1647).

Twining, P.V. Thomas, O.P. and Bossard, E.H. (1978). Effect
of diet and type of birds on the carcass
composition of broilers at 28, 49 and 59 days of
age. Poult. Sci., 57(2): 492-497.

virk, R.S., Lodhi, G.N. and Ichhponani, J.S. (1976}).
Influence of c¢limatic condition on protein and
energy requirements of poultry. 5. Protein

requirement of broiler starter and finisher in

winter and summer months. Indian J. Anim. Sci.,
46(10): 540-545.

Vo, K.v. (1982). Effect of early temperature stress on
performance of commercial broilers. Poult. Sci.,
61(7): 1562-1563.

Vo, K.V., Boone, M.A. and Johnston, W.E. {1977).
Physiological reaction of chickens to a life time
of constant temperature stress. Poult. Sci. Res.
Ser. No. 36. Clemson University, Clemson, South
Carcolina.




176

Waldroup, P.W., Mitchell, R.J., Payne, J.R. and Johnson,
Z.B. (1976). Characterization of the response of
broiler chickens +to diets wvarying in nutrient
density content. Poult. Sci., 55(1): 130-145.

Weaver, Jr. W.D., Wilson, J.L., Beane, W.L. and Cherry, J.A.
(1982). The effect of light, dietary fat and
ambient temperature on broiler performance. Poult.
Sci., 61(7): 1566.

Weaver, Jr.M.D., Wyatt, C.L., Blane, W.L. and Cherry, J.A.
(1983). The effect of ambient temperature and
dietary fat on broiler performance. Poult. Sci.,
62(7): 1522,

Wells, R.G. (1968). The relationship between dietary energy
level, food consumption and growth in broiler
chicks. Br. Poult. Sci., 4: 161-167.

Wolford, J.H. (1971). The effect of temperature and
iodinated casein on liver lipids of laying chicken.
Poult. Sci., 50(5): 1331-1338.

Woodman, A.G. (1941). Food Analysis. McGraw~Hill Book Co. -
Inc., New York and London, pp. 181-184.

*Wurzner, H., Lettner, F. and Wetscherek, W. (1987). ' Crude
protein yield in broilers. Bodenkudtin 38(1): 63-
66. (Poult.Abstr. (1988) 14(12): 3020).

Xavier, F. (1981). Effect of season’ on certain
physiological norms of female buffaloes. M.V.Sc.
Thesis submitted to Kerala Agricultural University,
Trichur.



177

Yaghi, A.M. and Daghur, N. (1985). Protein requirements for
broiler starter, grower and finisher rations.
Poult. Sci. (SPSS & PSA Abstr), 64(1): 201.

Yule, W.J., Barram, K.M. and Burton, H.W. (1979). Effect of
access time to food on broilers fed on diets on

differing nutrient concentration. Br. Poult. Sci.,
20(2): 311-316.

* Qriginals not seen



’ I
Appendix i. Mean weekly body weight{(g) of broilers fed experimental diets from

FIRST TRIAL

0-8 weeks.

Treat- Age 1n Weeks
ments ——r———m—mm e e e ——_———————_——_——_—— e —————————— e
0 1 2 3 4 5 6 7 9

D1 43.502  77.03% 148.03% 274.30%P 430.17P¢ 610.253P 759.92%  859.81% 1003.023°
+0.34 +1.41 +3.92 +8.13 +11.69 +14.79 +20.93  +24.64 +29.19

D2 43.30%  74.47% 137.56% 256.76° 409.40° 592.76®  763.60% 922.41% 10B2.042
+0.34 +1.30 +3.39 +7.02 +11.49 +15.75 +21.13 +23.12 +29.49

D3 43.73%  77.93% 149.43% 284.13%  452.543° 626.86%° 758.882  844.262 970.00P
+0.33 +1.32 +3.31 +8,10 +10.51 +14.64 +19.77 +26.92 +32.07

D4 43.20%  77.40% 143.27% 289.20% 466.00% 634.332  773.83% 840.182 967.04P
+0.30 +1.23 +3.38 +7.10 +8.74 +12.23 +19.69  +24.94 +30.26

Means

for 43.43  76.71  144.57 276.10 439.53 616.05 766.56 866.67 1005.52

diets +0.12  +0.77 +2.68 +7.15 +12.47 +9,25 +3.04 +19.06 - +26.78

Means bearing the same superscript within the same column do not differ significantly

(P < 0.05)
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Appendix ii. Mean weekly body weight(g) of broilers fed experimental diets from 0-8 weeks.

SECOND TRIAL

Treat- Age 1in Weeks
Mt e e e e e e e e e e  ——————————————
0 1 2 3 4 5 6 7 9

D1 38.47%  88.97% 167.25%  316.50%  507.92%  775.253  964.412 1245.93% 1492.94%
+0.31 +1.40 +3.72 +7.53 +11.56 +17.70 +18.09 +24,47 +33.24

D2 38.87%  86.92% 174.83%  332.50%" 543.83° 821.50° 993.67% 1228.79% 1432.943
+0.34 +1.25 +3.23 +5.76 +7.74 +9.45 +17.44 +28.71 +37.75

D3 38.73%  90.37% 180.50% 345.67° 561.83° 831.27° 1011.70% 1304.07° 1517.93%2
+0.32 +1.37 +4.20 +7.91 +11.51 +16.25 +20.82 +27.14 +33.10

D4 38.37%  87.33% 178.25%  337.67° - 548.25°  777.00%  829.83P 1085.84° 1273.¢5P
+0.34 +1.07 +3.09 +6.87 +9.00 +13.17 +20.89 +33.89 +45.62

Mean

for 38.61 88.40 175.21 333.09 - 540.46 801.55 965.65 1216.16  1429.37

diets +0.12  +0.79 +2.90 +6.16 +11.50 +14.65 +26.16 +46.33 +54.88

Means bearing the same not differ significantly

(P < 0.05)

superscript within the same column do
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Appendix iii. Mean weekly body weight (g) of broilers fed experimental diets from 0-8 weeks.

THIRD TRIAL

Treat- Age 1in Weeks
ments e e e 0 e et e e e e e e e e e e B b e e e e e e e e e e e e Y s e
1 2 3 4 5 6 7 8

D1 42.98%  96.528  204.27%  346.75% 545.082 841.17% 1079.50% 1233.33% 1331.03%
+0.37 +1.19 +2.68 +4.48 +8.28 +11.65 +14.36 +20.84 +22.31

D2~ 43.30% 100.20%  207.03%  372.00°° 600.37°¢ 927.00P  1179.83° 1302.71P 1335.712
+0.45 +1.11 +2.71,  +5.36 +8.76 +11.62 +19.03 +21.43 +24.38

D3 43.50%  97.67% 213.43%  380.33° 608.58° 931.33P 1182.20P 1338.48P 1399.142
+0.52 +1.44 +2.88 +5.52 +7.61 +10.79 +16.36 +19.58 +22.56

D4 43.03 97.23%  205.97%  360.923P 582.25P  904.08° 1159.49P 1298.64P 1370.00°
+0.38 +1.17 +2.73 +5.59 49,55 +13.37 +16.90 20,16 +19.62

Means

for 43.20 97.91 207.68 365.00 - 584.07 900.90 1150.26 1293.29 1358.97

diets +0.12 +0.80 42,00 +7.27 +14.11 +20.79 +24.13 +21.90 +15.96

Means bearing the same

(P<0.05)

superscript within the same column do not differ significantly

08T



Appendix iv. Mean weekly body weight (g) of broilers fed experimental diets from 0-8 weeks.

FOURTH TRIAL

Treat- Age 1in Weeks
IMEIITES o e o e o e e o e e o e e e e ettt ot e B ot e e S B o e St o e e e e e e e
0 1 2 3. 4 5 6 7 9
D1 38.07% 79.83% 162.50% 288.52%  440.33%  625.50% 881.67% 1094.67°% 1301.502
40.37  +1.07  +2.97 +5.18 +8.32 +11.96  +17.77 421,35  +26.39
1
D2 38.23%  186.00° 174.67° 329.83°  530.17°  769.17°  1052.17° 1241.17P 1414.17P
+0.38  +1.29  +2.99 +7.43  +11.20  +14.65 +18.10  +19.76  +23.10
D3 38.33%  83.60° 183.33° 333.92°  533.73P  7s50.52P  1013.68° 1245.26° 1426.490°
4£0.38  +1.43  +3.17 +7.18  +12.05  +15.80 +23.23  +30.76  +35.93
D4 38.032  86.87° 177.80°  326.00P 530.51°  751.02°  1024.24P 1219.49° 1407.46P
+0.35  +1.43  +4.16 +8.55  +12.13 +16.66 +23.70  +30.65  +39.13
Mean ]
for 38.17 84.08 174.58 319.57 508.69 724.05 992.94 1200.15  1387.41
diets +0.07 +1.57  +4.41 +10.47  +22.80  +33.14  +37.97 +35.61  +28.90

Means bearing the same

(P < 0.05)

superscript within the same

column do not differ significantly
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Appendix V. Mean weekly body weight gain(g) broilers as influenced by
experimental diets upto 8 weeks of age.
FIRST TRIAL
Treat- Age in Weeks
ments ————e e e e e e e e e e e e e ————— e
1 2 3 4 5 6 7 8
D1 33.63% 70.50%  126.30%° 154.202 175.252 151.782 102.87%  143.582P
+2.36 +4.66 +7.96 +8.95 i +9.57 +13.36 +24.46 +21.89
| )
D2 31.17% 62.81%  118.07% 152.672 183.362 166.322 153.24P  164.622
+2.12 +3.92 +7.16 +9.34 +10.83 +15.87 +21.58 +18.40
D3 34.202 71.27%  134.80%  165.66%°  174.32% 138.792 62.68°  118.30°
+2.09 +3,87 +9.33 +7.30 +11.31 +20.05 +27.63 +20.33
D4 34.18%  67.58%  144.27° 176.80P 168,422 140.682 67.05%C 114.26°
+1.86 +4.26 +7.58 +5.33 +11.85 +21.36 +23.69 +22,22
Mean ) I
for 33.30 68.04 130.86 162.33 175.34 149.39 96.46 135.19
diets +0.72  +1.92 +5.63 +5.63 +3.07 +6.33 +20.95 +11.76

Means bearing the same

(P<0.05).

superscript within the same column do not differ significantly
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Appendix vi.

Mean weekly body weight gain(g) of broilers as

experimental diets upto 8 weeks of age.

SECOND TRIAL

influenced by

Treat- Age in Weeks
DI S o o e e e e e e e e e e e e e ———— e
1 2 3 4 5 6 7 8

D1 50.50%  78.28 149.25%  191.428 267.332 180.592 272.41%  241.76%
+2.37 +4.95 +7.97 +10.85 +12.81 +17.94 +18.69 +30.04

D2 48.05% 87.92% 157.67%  211.33P 277.672 171.502 226.72°  192,7g3P
+2.15 +4.14 +6.65 +6.59 +8.74 +20.70 +25.73 +23.39

D3 51.502  90.13%  165.17% 216.17° 267.462 180.442 293.728  214.14%P
+2.09 +5.04 +7.55 +8.46 +10.60 +17.19 +18.81 +37.76

D4 48.97%  90.92%  159.422  210.58° 228.75P 115.33° 188.70°  168.36P
+1.80 +4.79 +8.95 +7.66 +14.32 +23.54 +32.35 +32.43

Mean

for  49.76 86.81 157.88 207.38 260.30 161.97 245,39 204.26

diets +0.73 +2.91 +3.29 +5.46 +10.79 +15.69 +23.50 +15.61

Means bearing the same

(P<0.05)-

superscript within the same column do not differ significantly
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Appendix vii. Mean weekly body weight gain{(g) of broilers as influenced by
experimental diets upto 8 weeks of age.

THIRD TRIAL

A ————— e s $n Ao T o St S e o8 A S S T ey e e L B e S S S e S e i S S S Gt St S e e R L LD S e e e e e i L SR SRS S

D1 53.532  107.75% 143.48° 197.33% 296.082 238,33% 157.17% 86.03%
+1.14 +1.93 +3.09 +4.79 +5.86 +10.18 +12.93  +10.31

|
]
D3 56.902  106.83% 164.978  229.20P 326.63° 253,392 122.882  43.572

+0.99 42,19 +3.48 +4.94 +5.88 +12.79 $10.34  +14.17
D3 54.172  115.43° 167.23°  228.42P 325,250 252.032 157.978  59.822
+1.24 42.02  +3.37 °  +3.99 +5.91 +8.66 +8.80  +13.36
D4 54.20% 108.73% 155.05° 221.33P 320.17° 259,922 137.082  71.53%
+1.09 +2.21  +3.59 +5.01 +7.37 +8.43 - +10.68  +10.40
Mean
for  54.70 109.69! 157.68 219.07 317.03 250.92 143.78 65.24
diets +0.75 +1.95 +5.42 +7.46 +7.12 +4.54 +8.48  +8.99

Means bearing the same superscript within the same column do not differ significantly
(P<0.05).
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Appendix viii. Mean weekly body weight gain(g) of
experimental diets upto 8 weeks of age.

broilers as influenced by

FOURTH TRIAL

Treat- Age in Weeks
MENEE  m e e e e e e e e e e e e e e e e e e e e
1 2 3 4 5 6 7 8
D1 41.77%  82.62% 126.02% 151,822 185.17° 256.172 213.00%P 206.832
+1.01 +2.54 +3.49 +4.40 +5.95 +9.09 +9.46 +9.24
' |
p2  47.77° 88.70% 154.83° .2!00.33b 238.67°  283.00%  187.33%  173.00%
+1.27 +2.32 +5.22 +5.14 +6.57 +9.81 +10.39 +10.79 -
D3 45.27°  99.73° 150.75P  200.25°  219.48%  265.96%  231.58° 181.23°
+1.20 +2.75 +5.01 +6.10 +6.66 +9.,24 +12.00 +9.80
D4 48.67° 91.00° 148.20° 207.46°  220.51%P  271.53%  195.25%  185.09%"
+1.42 +3.21  +5.44 +6.32 +7.08 '+9.89 +12.34 +12.12
Mean
for  45.87 90.51 144.95 189.97 215.96 269.17 206.79 186.54
diets +1.54 +3.54 +6.46 +12.85 +11.17 +5.60 49,85 +7.22

Means bearing the same
(P<0.05}.

superscript within the same column do not differ significantly

S8T
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Appendix ix. Mean feed consumption(g)/bird/day of broilers fed experimental diets
upto, 8 weeks of age.

FIRST TRIAL

Treat-— \ Age in Weeks

ML S o e i e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1 2 3 4 5 6 7 8

Dl 13.61 21.93 43.81 57.86 64.76 74.50 84.42 84.64
' |

D2 12;50 19.94 43.70 63.92 69.82 81.90 84.90 82.35

D3 12.50 21.79 43.57 56.84 68.88 79.42 66.84 83.33

D4 14.17 20.79 46.90 59.52 67.14 80.15 71.28 85.33

Mean

for 13.20 21.11 44,50 59.54 67.65 78.99 76.88 83.91

diets +0.42 +0.47 +0.80 +1.56 +1.11 +1.59 +4.60 +0.67

98T



Mean feed consumption(g)/bird/day of broilers fed experimental diets

Appendix Xx.
upto 8 weeks of age.

SECOND TRTAL

N
Treat- Age 1n Weeks
M e S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

1 2 3 4 5 6 7 8

D1 17.22° 37.86° 46,432 54.52% 84.522 86.64% 116.89% 93.762
D2 16.942 37.86P 41.672 57.86% 86.48°% 84.64% 112.34% 87.79%
D3 15.81% 32.62% 44.762 64.502 81.19° 85,142 112.242 94.21%2
D4 16.942 31.672 45,952 55.24% 81.43P 84.05% 95.86% 77.38%
Mean
for 16.73 35.00 44.70 58.03 83.41 85.12 109.33 88.29
diets +0.31 +1.66 +1.07 +2.27 +1.27 +0.55 +4.62 +3.92
Means bearing the same superscript within the same column do not differ significantly

(P<0.0

5)-
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Appendix xi. Mean feed consumption(g)/bird/day of broilers fed experimental diets
upto 8 weeks of age.
THIRD TRIAL

Treat- Age Weeks
MmNt — o e e e

1 2 3 4 5 6 7 8
D1 17.143P 36,012 57.38% 88,332 112.91°2 124,282 106.19%  78.33%2

\ l |

D2 19.52° 41 ,43°% 60.712 87.86% 107.382 125.3!5a 92,272 85.382
D3 18.578°  40.48°% 57.14% 84.52% 106.672 124,412 107.062  86.30%
D4 16.910 40.71% 49.76% 91.19% 106.672 129.352 115.18% 80.90%
Mean '
for 18.04 39.88 56.25 87.98 108.41 125.85 115.51 82.73
diets +0.62 +1.01 +2.31 +1.37 +1.51 +1.19 +6.39 +1.88

Means bearing the same superscript within the same column do not differ significantly

(P<0.0

5).
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Appendix xii. Mean feed consumption(g)/bird/day of broilers fed experimental diets

upto 8 weeks of age.

FOURTH TRIAL

Treat- Age Weeks

NS e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
1 2 3 4 5 6 7 8

D1 19.292 32.14 42.86% 61.90% 77.38% 80.952 102.38% 110.00°

| |

D2 19.298 33.819 42.862 80.00° 77.12% 77.862 108.33% 106.43°

D3 18.572 32.38 43.81% 69.013P 72.672 85.642 112.56%  114.19%

D4 19,282 34.05% 43.33°% 71.153P 68.12% 83.82% 109.91%  113.90%

Mean

for 19.11 33.10 43.22 70.52 73.82 82.07 108.30 111.13

diets +0.18 +0.49 +0.23 +3.73 +2.19 +1.70 +2.16 +1.83

Means bearing the same superscript within the same column do not differ significantly

(P<0.0

5).

68T



Appendix xiii. Mean weekly cumulative feed efficiency of broilers fed experimental

diets upto 8 weeks of age.

FIRST TRIAL

Treat- Age 1n Weeks
NS = e e e e e e e e e e e e e e e e e e e e e e e —————————————
1 2 3 4 5 6 7 8
D1 1.06+ 1.59+ 1.98+ 2.23+ 2.30+ 2.57+ 3.24+ 3.42%
0.10 i 0.086 1 0.07 0.04 0.09 0.21 0.27 0.24
|
|
D2 0.90+ 1.52+ 2.03+ 2.38+ ° 2.47+ 2.71+ 3.01+ 3.09+
0.07 0.12 0.17 0.18 0.17 0.15 0.09 0.07
D3 0.96+ 1.52+ 1.87+ 2.05+ 2.28+ 2.62+ 3.17+ 3.36+
0.08 0.02 0.02 0.02 0.07 0.10 0.03 0.04
D4 1.10+ 1.61+ 1.96+ 2.09+ 2.28+ 2.63+ 3.15+ 3.45+
0.05 0.01 0.02 0.05 0.02 0.10 0.13 0.60
Mean
for 1.01+ 1.56+ 1.96+ ,  2.19+ 2.33+ 2.63+ 3.14+ 3.33+
diets 0.05 0.02 0.03 0.07 0.05 0.03 0.05 0.08
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Appendix xiv.

1
Mean weekly cumulative feed efficiency of broilers fed experimental
diets wupto 8 weeks of age.

SECOND TRIAL

Treat- Age 1in Weeks
Mments e
1 2 3 4 5 6 . 7 8

D1 1.162 2.202 2,238 2.522 2.172 2.418P 2.718b 2.942
+0.03 +0.04 +0.03 +0.38 +0.03 +0.04 +0.12 +0.22

D2 1.172 2.108P 1.982 1.982 2,029 2.272 2.542 2.86%
+0.05 +0.08 +0.10 +0.04 +0.03 +0.03 +0.16 +0.13

D3 1.05% 1.81° 1.590 1.94% 2.212 2.249 2.34% 2.51%9
+0.06 +0.18 +0.20 +0.07 +0.28 +0.08 +0.04 +0.06

D4 1.162 1.81° 1.923% 1 973 2.12% 2.51° 2.88% 3.13°2
+0.01 +0.01 +0.06 +0.03 +0.04 +0.09 +0.20 +0.28

Mean

for 1.14 1.98 1.93 2.10 2.13 2.36 2.62 2.86

diets +0.03 +0.10 +0.13 +0.14 +0.04 +0.06 +0.12 4+0.13

Means bearing the same superscript within the same column do not differ significantly

(P<0.05).
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Appendix xv. Mean weekly cumulative feed efficiency of broilers fed experimental
diets upto 8 weeks of age.

THIRD TRIAL

Treat- Age 1in Weeks
MeNE S e e e e e e e e
1 2 3 4 5 6 7 8
D1 1.24+ 1.85+ 2.24+ 2.57+ 2.60+ 2.83+ 3.09+ 3.32+
0.03 0.09 0.09 0.09 0.08 0.04 0.10 0.10
! |
D2 1.36+ | 2.06+ 1 2.30+ 2.44+ 2.39+ 2.61+ 2.92+ 3.28+
0.02 ' 0.08 0.10 0.07 0.05 0.02 0.06 0.07
D3 1.33+ 1.94+ 2.10+ 2.31+ 2.31+ 2.54+ 2.88+ 3.16+
0.06 0.04 0.05 0.31 0.09 0.10 0.20 0.18
D4 1.27+ 1.95+ 2.08+ 2.34+ . 2.34+ 2.84+ 2.94+ 3.17+
0.06 .0.02 1.20 0.06- 0.04 0.21 0.12 0.12
Mean
for 1.30+ 1.95+ 2.18+ 2.42+ 2.41+ 2.73+ 2.96+ 3.23+
diets 0.03 0.04 0.05 0.06 0.07 0.06 0.05 0.04
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Appendix xvi. Mean weekly cumulative feed efficiency of broilers fed experimental
diets upto 8 weeks of age.

FOURTH TRIAL

Treat- Age 1n Weeks
Mt e o e e e e e e,
1 2 3 4 5 6 7 8

Dl 1.699 2.224 2.292 2,49% 2.622 2.509 2.672 2.842
+0.06 +0.16 +0.07 +0.11 +0.07 +0.08 +0.05 +0.06

D2 1.572 2.132 2.04P 2.328 2.30P 2.20% 2.48%8 2.702
+0.08 +0.06 +0.04 +0.07 +0.02 +0.04 +0.02 +0.04

D3 1.562 1.952 1.99P 2.172 2.25P 2.292 2.502 2.748
+0.04 +0.02 +0.03 +0.01 +0.01 +0.03 +0.04 +0.06

D4 1.552 2.102 2.08P 2,292 2.26° 2.242 2.522 -2.962
+0.02 +0.06 +0.05 +0.10 +0.10 +0.11 +0.11 40,14

Mean

for 1.59 2.10 2.10 2.32 2.36 2.31 2.54 2.81

diets +0.03 +0.06 +0.07 +0.07 +0.09 +0.07 +0.04 +0.06

Means bearing the same superscript within the same column do not differ significantly
(P<0.05).
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Appendix xvii.

processing yield and losses of broilers fed experimental diets
8 weeks of age.

FIRST TRIAL

Treatments .

ODSEIVATLONS = rmmm i e e e e e e e e e e S S ST ST T T Mean for
D1l D2 D3 D4 diets
Starved body 1025.56+39.62 1202.22+60.53 1111.11+450.32 1078.89+31.60 1104.44+7.06
weight{g) .
|

Blood loss(%) 4.37+0.45 4.09+0.46 3.50+0.40 3.59+0.28 3.89+0.21
Feather loss (%) 3.914+0.27 3.87+0.33 4.09+0.42 4.04+0.24 3.98+40.05
Total loss (%) 29.53+1.37 26.88+1.10 25.17+0.82 27.88+1.54 27.3740.91
_Eviscerated 64.01+1.43 67.19+1.27 68.75+0.87 65.81+1.44 66.44+1.01
yield (%)
Giblet yield(%) 6.46+0.28 5.93+0.22 6.07+0.18 6.31+0.29 6.1910.12
R-to-C yield (%) 70.47+1.37 73.12+1.10 74.82+0.82 72.12+1.54 72.63+0.91
Abdominal fat(%) 1.68+0.15 1.64+0.18 1.67+0.20 1.38+0.18 1.5940.07
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Appendix xviii.

t

Mean processing yield and losses of broilers fed experimental diets
at 8 weeks of age.

SECOND TRIAL

Treatments
Observations —————— e e e Mean for
Dl D2 D3 D4 diets

Starved body 1472.22+52.38 1349.44+125.77- 1613.89+87.70 1302.78+74.69 1434.58+69.64
weight(g)

|
Blocd loss(%) 3.94+0.19 4.15+0.30 3.47+0.17 4.07+0.17 3.91+40.15
Feather loss (%) 4.46i0.2f 3.94+0.18 4.36+0.27 4.33+0.18 4.27+0.11

Total loss (%)

Eviscerated
yield (%)

Giblet yield(%)
R-to-C yield (%)

Abdominal fat(%)

22.41+1.37

72.77+1.41

4.82+0.26
77.59+1.37

1.7040.23

23.06+1.28

71.75+1.49

5.19+0.28
76.94+1.28

1.24+0.16

21.57+1.16

73.48+1.16

4,95+0.22
78.43+1.16

1.25+0.16

23.40+0.84

71.07+0.82

5.53+0.24
76.60+0.84

0.75+0.12

22.61+0.40

72.27+0.54

5.12+0.16
77.39+0.40

1.24+0.19
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Appendix xix.

Mean

8 weeks of age.

THIRD TRIAL

processing yield and losses of broilers fed experimental diets

Treatments

Observations —=————— e o e e e Mean for
Dl D2 D3 D4 diets
Starved body 1356.67+37.68 1417.78+55.65 1388.89+41.28 1425.56+38.37 1397.23+15.65
welight(g) |
Blood loss(%) 4.89+0.36 4.41+0.21 4.50+0.31 4.28+0.26 4.52+0,13
Feather loss (%) 4.70+0.30 4.63+0.29 3.99+0.34 4.49+0.42 4.45+0.16
Total loss (%) 25.60+1.38 25,61+0.70 25.44+0.85 27.63+40.95 26.07+0.52
Eviscerated 69.39+1.36 69.86+0.67 70.00+1.22 67.72+0.67 69.24+0.56
yield (%) :
Giblet yield (%) 5.01+0.13 4.53+0.21 4.5610.16 4.65+0.14 4.69+0.11
R-to-C yield (%) 74.40+1.37 74.39+0.70 74.56+1.20 72.37+0.64 73.93+0.53
Abdominal fat(%) 1.61+0.26 1.31+0.25 1.12+0.13 1.07+40.16 1.28+0.12

96T



Appendix xXX.

Mean

at 8 weeks of age.

FOURTH TRIAL

processing yield and losses of broilers fed experimental diets

. N Treatments
O S T VA L OIS = e e e e e e e e et e e e e o e e e e e e 1 4t e e e e e e e e e e e

Mean for
diets

Starved body
weight(g)

Blood loss(%)
Feather loss (%)
Total loss (%)

Eviscerated
yield (%)

Giblet yield(s)
R-to-C yield (%)

Abdominal fat($)

1471.11+51.57

4.15+0.27
5.26+0.39
24.61+0.86

71.11+0.94

4.28+0.45
75.39+0.86

1.49+0.13

1510.00+27.59

3.7940.28
5.49+0.54
24.78+0.75

70.43+0.83

4.79+0.17
75.22+0.75

1.09+0.12

1614.44+48.68

4.12+0.37
4.83+0.64
23.35+1.21

72.00+1.43

4.65+0.16
76.65+1.36

1.17+0.25

1561.11+32.47

| 4.21%0.21
|

| 5.34+0.57
24.414+0.71

70.67+0.69

4.92+0.12
75.59+0.68

0.98+0.21

1539.17+31.13

4.07+0.09
5.23+0.14
24.29+0.32

71.05+0.35

4.66+0.14
75.71+0.30

1.18+0.18
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ABSTRACT

An experiment was designed and conducted to establish
the requirements of protein and energy for broilers during
the summer season in the hot and humid atmosphere of Kerala.
Four trials were conducted in a span of two years. In each
trial the following energy-protein combinations at starter,
and subsequent finisher diets were tested in a completely

randomised design.

Treatment Starter Finisher

Diet 1 22% CP:2900 Kcal ME/kg 19% CcP:3000 Kcal ME/kg
Diet 2 24% CP:2900 Kcal ME/kg 19% CP:2900 Kcal ME/kg
Diet 3 26% CP:2900 Kcal ME/kg 19% CcP:3000 Kcal ME/kg
Diet 4 26% CP:2900 Kcal ME/kg 19% CP:2900 Kcal ME/kg

Trials corresponding to the same period for the two
years were pooled and the results were presented as Period A
(started in early summer and ended in peak summer) -and
Period B (started in peak summer and ended in laﬁe summer) .
Except for the difference in nutrient intake, all the
management practices followed were uniform for the different
trials and treatment groups. Feed and water were given ad

lib. The chicks were fed with starter diet upto six weeks

of age and finisher diet upto eighth week of age.



Results of the study revealed that body weight at
eighth week of age was not influenced by different. energy
protein levels in the diet during both Period A and
Period B. But difference between periods was statistically
(P < 0.01) significant. Broiler chicks reared during Period
A showed significantly lower mean body weight at eight week
than Period. B. Dietary combination of 22:2900 in the
starter and 19:3000 in the finisher stage upto eight weeks
of age was found to be optimum for growth of broilers in

summer months in Kerala.

_ Body weight gain was not influenced by the dietary.
treatments and by periods upto sixth week of age. Thereafter.
body weight gain was influenced by season. Broiler chicks
reared during Period B showed higher body weight gain than
Period A. Maximum body weight gain was recorded at fifth

week of age in both Period A and Period B.

Feed consumption was not affected by dietary treatments
in both Period A and Period B, but was significantly
affected by périods at seventh and eighth week of age. Feed
efficiency was also not affected by different dietary
treatments wupto eight weeks of age. Broiler chicks reared
during Period A showed poorer feed efficiency from sixth

week onwards.



.Processing yields and losses, per cent abdominal fat
and per cent body fat were not affected by dietary
treatments or periods. Bio-chemical parameters like
haemoglobin value and plasma protein value (g per cent) were
not affected by different dietary treatments or periods.
Per cent 1liver fat estimated as ether extract was
significantly lower (P < 0.0l) during Period B +than
Period A. ~ Fat constants such as Iodine Value and
Saponification Value were not affected by different energf
protein levels of the diet. Mortality was not affected by

different dietary treatments or periods.

From the overall results of the study it is concluded
that commercial broilers grown in the climatic condition of
Kerala, require 22 per cent crude protein and 2900 KXcal
ME/kg in the starter diet coupled with 19 per cent crude
protein and 3000 Kcal ME/kg in +the finisher diets.
Manipulation of dietdry protein and/or energy haéb'littie
effect in alleviating poor growth rate in broilers observed

during summer.

A



	image48842
	image48843
	image48844
	image48845
	image48846
	image48847
	image48848
	image48849
	image48850
	image48851
	image48852
	image48853
	image48854
	image48855
	image48856
	image48857
	image48858
	image48859
	image48860
	image48861
	image48862
	image48863
	image48864
	image48865
	image48866
	image48867
	image48868
	image48869
	image48870
	image48871
	image48872
	image48873
	image48874
	image48875
	image48876
	image48877
	image48878
	image48879
	image48880
	image48881
	image48882
	image48883
	image48884
	image48885
	image48886
	image48887
	image48888
	image48889
	image48890
	image48891
	image48892
	image48893
	image48894
	image48895
	image48896
	image48897
	image48898
	image48899
	image48900
	image48901
	image48902
	image48903
	image48904
	image48905
	image48906
	image48907
	image48908
	image48909
	image48910
	image48911
	image48912
	image48913
	image48914
	image48915
	image48916
	image48917
	image48918
	image48919
	image48920
	image48921
	image48922
	image48923
	image48924
	image48925
	image48926
	image48927
	image48928
	image48929
	image48930
	image48931
	image48932
	image48933
	image48934
	image48935
	image48936
	image48937
	image48938
	image48939
	image48940
	image48941
	image48942
	image48943
	image48944
	image48945
	image48946
	image48947
	image48948
	image48949
	image48950
	image48951
	image48952
	image48953
	image48954
	image48955
	image48956
	image48957
	image48958
	image48959
	image48960
	image48961
	image48962
	image48963
	image48964
	image48965
	image48966
	image48967
	image48968
	image48969
	image48970
	image48971
	image48972
	image48973
	image48974
	image48975
	image48976
	image48977
	image48978
	image48979
	image48980
	image48981
	image48982
	image48983
	image48984
	image48985
	image48986
	image48987
	image48988
	image48989
	image48990
	image48991
	image48992
	image48993
	image48994
	image48995
	image48996
	image48997
	image48998
	image48999
	image49000
	image49001
	image49002
	image49003
	image49004
	image49005
	image49006
	image49007
	image49008
	image49009
	image49010
	image49011
	image49012
	image49013
	image49014
	image49015
	image49016
	image49017
	image49018
	image49019
	image49020
	image49021
	image49022
	image49023
	image49024
	image49025
	image49026
	image49027
	image49028
	image49029
	image49030
	image49031
	image49032
	image49033
	image49034
	image49035
	image49036
	image49037
	image49038
	image49039
	image49040
	image49041
	image49042
	image49043
	image49044
	image49045
	image49046
	image49047
	image49048
	image49049
	image49050
	image49051
	image49052
	image49053
	image49054
	image49055
	image49056
	image49057
	image49058
	image49059
	image49060
	image49061
	image49062
	image49063
	image49064
	image49065
	image49066
	image49067
	image49068
	image49069
	image49070
	image49071
	image49072

