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INTRODUCTION

The development of poultry through the application
of modern science and technology will greatly contribute
to improve the socio-economic conditions of rural masses.
Poultry production, which made its beginning in 1960°s
has wictnessed a phenomenal growth especially during the
last two decades. Today the poultry industry has reached
the level of a full fledged selfesufficient industry with
complete sophistication within a short period of 20 to 25
years. Total layer population of India increased from
85 million in 1980 to 113 million in 1989. The previous
production from & bird ie. 180 to 200 eggs per year has
now reached a level of 280 eggs at many farms in India.
The improved layer population increased from 56 million
in 1980 to 96 million in 1989. Likewise, the egg
production has risen from 12,500 million in 1980 to
23,000 million in 1989. Though, India holds 5th position
among countries of the world in total egg production, our
per capita availabillity is only 25 as compared to 300 to
350 in developed countries (anon, 1990). It has been
recognised that the major cause of undernutrition and
malnutrition is the lack of adeguate purchasing power
among weaker sections of the Society. Poultry offers a

profitable vocation for generating income in economically



backward areas and for overcoming the problem of
unemployment among the youth. By the application of
Scientific management poultry can give the needed momentum
and direction to the aspiration of large majority of people
for better quality of life. According to a study made by
the United State Agency for International Development
(USAID), over 60 to 70 per cent of the population consume
less proteln and calories than the minimum requirement,
protein being more limiting, leading to protein-calorie
imbalance and consequent health problems (Anon, 1990).

So the need to supplement diet with egg as affordable

protein assumes added significance.

Housing and management play a dominant role in
getting the full expression of the stock for egg production.
The micro-environment of the house plays an important role
in poultry production. Good housing provides optimum
comfort to birds, keep them healthy and improve the
efficlency of production. The type of house, conditions
of housing in terms of temperature, humidity, air flow,
lighting and space allowances of floor, feeders and waterers
etc. influence production potential of the bird. In our
country open sided poultry houses are the ones in vogue
since the environment controlled houses, eventhough can
give better comfort to birds and enhance production are

not popular because of economic reasons. The open sided



poultry houses may be the litter f£loor houses or cage
houses. Deep litter system is a long standing and
popular system £for housing of layers. Slat floor, wire
floor or combination of these with deep licter system
may be of some advanvage particularly for increasing the
stocking dersity, yet they are not popular. Higher
stocking density, inclusion of feeders and waterers with
cages and dispensing requirement for nests make the cage
system more economlcal compared to the deep litter system.
Together, advantage of cleaner environment, lesser social
stress, better supervision help a great deal in improving
performance under this super intensive method. Cage
system has gained much popularity in our country and will

continue to do so in future.

The nutrient requirements of poultry depend on
many factors such as breed and strain of bird, age,
physiological status, body weight, environmental temperature,
composition of the diet, type of housing system etc. Feed
consumption is influenced by the energy content of the diet.
It has been proved that macro environment greatly influences
the produccion performance of layers especially those which
have superior germplasm. Of the macro environment, housing
condition 1s a major factor which influences productivity.
This therefore means that a direct link exists between

housing system and nutrient regquirement. Therefore, it is



necessary to study the energy and protein reguirements

of birds reared in common housing systems viz., cage and
floor, thus helping feeding more exacting and economical.
The nutricnt intake, especially protein and energy during
the growing stage of chicken has direct influence on the
subsgsequent performance of layers. The studies on this
aspect is limited merely to any one stage of chicken life
viz. starter, grower and layer. The results of these
studies will not glve a correct picture on the optimum
calorie protein requirements during the growing stage
upon optimum producticn performance in the subseguent
laying phase. Therefore, it was thought relevant to study
the influence of housing systems viz. cage and f£loor on
the optimum protein and energy requirements of egg type
chicken from one day old to seventy two weeks of age.
Since the genetilc material proposed to be used in this
study is the hybrid layer developed at All India Co~
ordinated Research Project on Poultry Breeding at Mannuthy
Centre (ILM-90), this information will also help to advise
the farmers adequately when this hybrid is released for

commerclial exploitation.
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REVIEW OF LITERATURE

Housing system - Cage

Starter period

Haque and Agarwala (1975) conducted an experiment
in chicks to determine the optimum level of energy protein
ratio by feeding four levels of protein viz., 16, 20, 23
and 24 per cent. It was reported that the ration containing
23 per cent protein with 128:1 ratio of energy protein was

found economical.

Rajasekhara Reddy et al. (1977) conducted two
experiments to evaluate the protein and energy requirements
of starter chicks. In experiment one, 18 and 20 per cent
protein levels each at four energy levels viz., 2520, 2430,
2340 and 2250 Xecal ME/Kg were used. In experiment two,

22 and 24 per cent protein levels with similar energy levels
as in experiment one were tried. Considering over all
performance of both the trials, they concluded that a
dietary protein level of 20% and energy level of 2300 Keal
ME/Kg to be optimum and economical for starter chicks.

The efficiency of protein as well as energy utilization was
better with 20 per cent protein level having 2430 ME

Kecal/Kg than the other protein levels. No significant



variation was noticed in the fat deposition in the body
of chicks fed 22 and 24 per cent protein. Nagabhushanam
et al. (1979) conducted two trials to determine the
dletary protein and energy requirements of commercial
starter pullets during two seasons namely, summer and
winter. The experiment consisted a 4 x 4 factorial
design with four dietary protein levels (18, 20, 22 and
24% CP) each having four dietary energy levels (2520,
2430, 2340 and 2250 Kcal ME/Kg). They observed that
during summex, energy protein levels ranging from

2250 : 24 to 2520 : 24 supported maximum weight gain and
feed efficiency, while during winter energy protein
levels ranging from 2250 to 2430 : 22 supported adequate
body weight gain and feed efficiency. The energy utili-
zation was considerably better at 2430 Kcal ME/Kg level.
The protein utilization was maximum with 18 and 22 per cent
dietary protein levels during summer and winter,
respectively. Matennai (1985) monitored the performance
of pullet chicks fed diets with energy-protein ratios of
115, 130, 145 and 160 from day old to eight weeks of age.
Birds which received rations with the narrowest ratio of
115 (2873 Kcal ME/Kg and 25% protein) made significantly
better body weight gain than their counterparts on ration
with widest ratio of 160 (3020 Kcal ME/Kg and 19% protein).

When feed consumption and feed conversion ratio for birds



during the first six weeks of age were considered, diet
with a ratio of 115 was significantly better utilized

than diets with high energy to protein ratio of 160.

Grower period

Blaylock (1956) carried out trials on the protein
requirements of growing pullets being grown as replacement
stock using two strains of leghorns. The dlets used varied
in caleorie protein ratlos from 46 in the 20 per cent
protein to 85 in the 12 per cent protein diets. & graded
series of protein levels at each 4 week period from day of
age to 20 weeks was used. In the first trial, the various
protein levels fed were 18, 16, 14 and 12 per cent. The
feed efficiency of the groups was not affected. Lowering
the protein levels to 12 per cent at 16 weeks of age had
no effect on the time required to produce the first egg,
to reach 50% production or on the feed consumption during
the first month of lay. The results of the second test
confirmed those previously obtained. It showed that even-
though a 12% prctein levol was fed from 5 weeks on, the
initial depression of growth was overcome by 20 weeks.
They opined that the protein level required by light breed

growing pullets was as low as 12% by 12 weeks of age.



In an experiment Jimmie gt 2l. (1969) studied
the effect of feeding two levels of dietary protein,
three levels of diletary energy and three levels of
dietary volume in growing egg type pullets. The two
dietary protein levels were fed from the time the
pullets were day-old until they were twenty weeks of
age. The three dietary energy and dietary voclume
levels were introduced when the pullets were nine weeks
of age and continued through twenty weeks of age. The
two dietary protein levels fed during the first six
wecks of the growing period resulted in statistically
significant differences in feed consumption, protein
consumption and body weight gain. From the nineth
through eighteenth weeks, pullets fed different dietary
energy levels consumed equivalent amounts of energy,
but different amounts of protein. These differencesin
protein consumption during growing period were reflected
in significant differences in subsequent egg producticn.
Pullets that consumed 15 grams of protein per day from
the nineth through eighteenth weeks matured earliest.

A protein intake of 10 grams per day produced the

greatest delay in sexual maturity.

Kapoor et al. (1985) conducted a study to £ind out
the effect of dletary protein levels and limiting amino

acids on the performance of growing egg type pullets.



In a 3 x 5 factorial study diets containing 16, 14 and
12 per cent protein each with supplements of lysine and
methionine/cystine at 0.8 and 0.6, 0.7 and 0.5 or 0.6
and 0.4 per cent and two controls with vegetable protein
alone or plus 8 per cent fish meal were employed.
Average weight gains with dietary protein 16, 14 and 12
per cent were 694, 660 and 648 grams, respectively, and
supplements ¢f amino acids or f£ish meal had no effect.
Corresponding feed conversion ratios were 7.37, 8.08

and 8.77: values were best with fish meal and with the

two higher supplement groups.

Lvaluation of protein and energy levels of growing
commercial pullets in summer months was carried oub by
Thakur and Saxena (19285). Nine diets were tested having
14, 16 and 18 per cent protein levels and energy levels
of 2800, 2900 and 3000 Kecal Mz/Kge. hesults of the study
showed that ration containing 16 per cent protein and
2800 Kecal MC/Kg was better for optimal growth and feed
efficiency in replacement pullets from 9 to 18 weeks in

summer months.

Reddy et al. (1988} conducted studies on step-up
and step down protein diecs for growing pullets on their
laying house performance. White Leghorn chicken from one

day to eight weeks old were given diets containing 12 or
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22 per cent protein and metabolizable energy 2750 to

2800 Keal/Kg. The grower diets contained 16 and 18

per cent protein and energy concentration of 2750 to

2800 Kcal. Thereafter a layer diet containing 18 per
cent protein and metabolizable energy 2680 Kcal/Kg was
given. Weight of chickens was significantly lower in
those started on 12 per cent than in those on 22 per cent
protein diets at 21 wesks old. Feed efficiency was not

different between groups at 15 or 21 weeks of age.

Layer period

Miller et al. (1957) in an attempt to find out
the minimum protein reguirement of laying pullets at
different energy levels obtained good egg production with
an experimental diet containing 12.5 to 13 per cent
dietary protein. It appeared that a wide calorie protein
ratio of the diet can be tolerated by the laying pullet
without affecting egg production, since the egg production
was not affected by the level of energy at different levels

of protein used in the experiment.

Mac Daniel et al. (1959) could not £ind any appreciable
effect on rate of egg production by feeding caged layers three
levels of protein viz., 15, 20 and 25 per cent at energy

levels of 750 to 960 calories productive energy per pound.
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High incidence of fatty livers was noted with all the
diets except 15 per cent protein -~ 750 calorie diet.
Large amounts of abdominal fat were found in approxi-
mately che same degree and incidence as the fatty

liver condition. Hulett et al. (1960) studied the
effect of dietary energy level on the performance of
caged layers. For the first twenty weeks three groups
of birds received each of three diets : 1027 calories
productive energy per pound, 934 calories per pound or
823 calories per pound with a protein level of 17 per
cent. After twenty weeks one group continued to receive
each diet, while the other two were transferred to the
remaining two diets, providing a total of nine treatment
combinations. Altering the energy level of the diet did
not significantly affect overall egg production or egg
welght. There was a trend towards lowered egg production
in birds fed high energy diets during the final twenty
weeks, particularly where the initial diet was high in
energy. The low energy diet gave poorer results during

the first twenty weeks.

Studies were conducted to determine the effect of
environmental temperature upon egg production as influenced
by dietary protein level and protein intake (Bray and
Gesell, 1961). Diets containing corn and soyabean meal

were fed to White Leghorn pullets in climatic chambers



1%

maintained at 42 and 76°F in one experiment and 76 and
86°F in another experiment. At temperatures of 42 and
36°F rate of lay was not affected provided dietary protein
levels of 11.5, 12 and 14 per cent were fed. The decline
in egg production was morxe in pullets fed suboptimal
protein diet at the higher temperature. The results showed
that temperature exerted its effect through feed intake,

rather than by altering the absolute protein requirement.

The effects of adding fat with and without concomitant
increase in energy level, to the ration fed to eleven months
old laying birds were reported by March and Biley (1963).
Body weight, mortality, rate of egg production, albumen
quality and shell thickness were not significantly affected
by the level of fat in the ration. Egg size was reduced
when 10 per cent of fat was added to the ration without
increasing energy level, It was concluded that the
reduction in egg size was related to the decrease in feed

intake.

Deaton and Quisenberry (1964) in an attempt to
examine the genetic differences in protein reguirements
exist between four commercial strains of egg production
stocks, conducted trial with seven hundred and sixty eight
birds which fed four different protein combination and

reared in colony and individusl cages. The diets contained
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17 and 14 per cent protein for 336 days and a 17 per cent

protein decreased toc 14 per cent with one per cent decrease
for every 56 days until 14 per cent was reached and 14

per cent increased to 17 per cent with an increase of one
per cent for every 56 days until 17 per cent was reached.
Statistical analysis showed a highly significant strain x
protein interaction for average hen-day production, egg
weight and feed efficiency, when only protein levels were
considered birds housed in individual cages receiving the
increasing protein diet laid significantly more eggs with
significantly heavier egg weight and better feed efficicncy

than when receiving a constant 17 per cent protein dlet.

Quisenberry et al. (1964) conducted an experiment
to adjust the protein level to age and stage of production
of laying stocks. Five duplicate groups of thirty six
birds each received diets containing 19, 18, 17, 16 and 15
per cent protein. One group received each protein level
for twelve, 28-day periods and the other was reduced as the
production period advanced by varying intervals, reaching,
with the exception of 19 per cent group, 14 per cent for
the last six periods and the diets were isocaloric (992
calories productive energy). When the level of protein
was 15 per cent or lower, body weight, egg size and feed
efficiency were depressed. Lowering protein as the laying

period advanced reduced significantly the egg size and body
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weight but tended to improve egg production and feed
efficiency. Egg production was highest at 19 per cernt

and body weight and egg size at 17 per cent protein.

Haugh units wege highest at 15 per cent protein.

Owings (1964) tesced three strains of laying birds with
four levels of productive energy wviz., 775, 850, 928

and 1000 calories per pound of diet and cne level of

added l-~Lysine with a 13.5 per cent protein diet for

ten, 28-day periocds. During the first five perxricds

there was a significant improvement in egg production

due to increased dietary energy. Though this trend was
also noticed during the last five periods, the differences
were noc statistically significant. Increasing the
dietary energy significantly increased the feed conversion
efficaency during the first five periods. Body weight

was also anfluenced by energy level.

Blaylock et al. (1967) conducted three experiments
to determine the protein requirement of the laying hen.
Two experiments were started during summer and one durlng
winter. Dietary protein levels ranged from 13 to 21 per
cent. Daily feed intake was as low as 77 g per bircd per
day duriag summer months and as high as 118 g per bird
per day during winter. This wide variation in daily feed
intake due to environmental temperature resulted in a

wide range of daily protein and energy intakes. The
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results also indicated that the protein requirement of
layers was probably higher than 14 g per bird per day

at rates of lay upto atleast 80 per cent. Body weight
was reduced only at protein intakes below 14 ¢ per bird

per days.

Coligado and Quisenberry (1967) studied the
effect of energy phase feeding, cage size and bird density
on performance of commercial layers. In energy phase
feeding birds were fed with diets containing productive
energy of 1032 calories for four 28~day periods, 982
calories for the next four and 932 for the remaining four
28-day periocds in comparison to constant energy feeding
where the diets contalned 16 per cent protein and 932
calories energys Results showed that feeding a high
energy diet at the onset of production significantly
depressed egy number and body weight gain but increased

egg size and feed efficiency with no effect on mortality.

Three intake levels each of provein, energy and
vitamin-mineral mixture upon the performance of laying
hens were investigated by Gleaves et al. (1967). For
maximum egg production, energy consumption approximated
328 Kcal of ME per hen per day during the first 52 weeks
of egg production, 294 Kecal from 53 to 76th week of egg
production and an overall intake of 318 Kecal of ML per

hen per day during the entire 76 weeks of egg production
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period. Protein intake per hen per day for the same

time intervals were 17.6, 15.9 and 17.1 g respectively.

A slight increase in egg weight was observed as energy
and protein consumption increased. Maximum egg weight
was not obtained with those energy and protein consumpte
ion levels which supported maximum levels of egg product-
ion. A gain in body welght was observed with those energy
consumption levels which produced maximum levels of egg

production.

Speers and Balloun (1967a) conducted an experiment
utilising three strains of White Leghorn hens, three dietary
protein levels (13, 15 and 17%) and two dietary energy
levels (2860 and 3190 Kecal ME/Kg). Two strains performed
well on a 15 per cent protein diet at an energy level of
2860 Kcal ME/Kg. Whereas another strain required only
13 per cent protein diet. When energy was increased to
3190 Kcal all the strains required higher protein levels.
Factors affecting protein requirement of layers was studied
by speers and Balloun (1967b) and concluded that there was

a significant effect of strain on protein requirement.

Quisenberry (1967) compared energy and protein phase
feeding with constant diets using commercial pullets housed
in cages. Protein levels of 16, 17 and 18 per cent and
productive energy levels of 927, 932, 936, 946, 982, 1000

and 1032 calories were used. It was observed that a
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combination of energy and protein phase feeding was
superior to either alone. Protein phase feeding resulted
a higher egg production, lower welight, same egg size,
daily feed and protein consumption, but fewer calories

than energy phase feeding.

Bragg and Hodgson (1969) carried out an experiment
to study the effect of dietary energy level on the perfor-
mance of laying hens. Three levels of metabolizable energy
viz., 2794, 2570 and 2354 Kcal/Kg in isonitrogenous (16.1
per cent protein) laying ration were employed. The ration
containing 2354 Keal/Kg was divided into two parts and low
energy was obtained by adding wheatbran or wheat straw at
the expense of wheat, yielding two dietary treatments at
the low energy level. Results showed no differences in
egg production between the three levels of dietary energy
or between low energy rations. PFeed consumption increased
significantly as energy was decreased in laying rations
with a concomitant change in feed utilization. However,
efficiency of energy utillzation improved as dietary energy

was decreased from 2794 to 2534 Kecal/Kg of the ration.

The effect of changes in dietary energy level on
energy consumption and liver fat content of laying hens
was studied by Ivy and Nesheim (1971). white Leghorn

hens maintained at a temperature of 16.5°C were given
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diets containing 1150, 1350 and 1550 calories ME per
pound with an identical calorie-protein ratio. Daily
feed consumptionr increased initially when hens were
switched to the high energy diet, then declined to

below the intake of the intermediate group within

7=-10 days. During the same period the feed intake of
hens fed the low energy dlet plateaued, although daily
calorie intake was below for both higher energy treatment.
The low energy fed birds had a significantly lower liver
fat content than the other two treatments. No difference
in liver fat content was observed between hens receiving

intermediate and high energy dilets.

Sadagopan et al. (1971) studied the effect of
different levels of protein, energy and their relationship
on egg production and feed conversion on diets contalning
medium and high energy levels with four levels of proteiln
viz., 12, 15, 18 and 20 per cent in White Leghorn pullets.
The eggs produced by hens fed with diets c¢ontaining 15,

18 and 20 per cent protein levels did not show any signi-
ficant difference wilth medium and high energy levels.

Feed required to produce one kilogram and one dozen eggs
were progressively decreased as the protein content of

the diet increased. Though increasing the energy content
in the same protein level did not effect the egg producte
lon, feed efficlency was increased. Maximum feed efficiency
was observed with rations containing 148 ¢ 1 to 161 3 1

ratios at 18 and 20 per cent protein levels.
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Effect of feeding different protein levels and
of changing protein level on egg production was studied
by Fernandez et al. (1973). Treatments comprised of
different levels of dietary protein viz., 13, 15, 18, 15,
18 and 16.3 per cent respectively. After ten weeks of
production, treatments four and five were changed from
diets with 15 and 18 per cent protein to diets contain-
ing 13 and 15 per cent respectively. Egg production
did not change significantly as a result of changing
protein levels after ten weeks of production. Lowering
the level of protein in the diet, after 18 weeks of
production had no adverse effect on egg production. The
level of protein in different treatments did not affect
egg welght. Gleaves et al. (1973) conducted two experi-
ments to estimate the maintenance levels of protein and
energy and the effect of egg production upon feed
consumption of laying hen. Twenty eight weeks old pullets
were fed nine different 120 g diet containing all combina-
tions of 10, 13 and 16 g protein and 200, 250 and 300 Kcal
of ME. The first experiment included normal and
ovariectomized pullets under controlled environmental
temperature. The second experiment included normal and
progresterone injected pullets under controlled environ-
mental temperature. Average production was 0.189, 0.086
and 0.074 eggs per hen per day for the ovariectomized-

projesterone injected and normal hens respectively.
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Body weight gain was 0.66, 0.69 and 1.14 g per hen per
day for the respective treatments. Feed intake levels
were significantly different at each energy level.
There was no significant effect of protein upon feed
intake. Egg production for normal and 'non-laying’'
hens increased significantly with each increase in
dietary protein. Wilson et gl. (1973) conducted an
experiment to relate the egg production of pullets at
high temperatures to the daily energy intake. The
birds were fed rations of either 2200, 2600, 2800 or
3500 Keal/Xg of ME and kept at temperatures of exrther
15, 26.7 or 329C for either five or fourteen days. The
results obtained revealed difference in the energy intake
on egg forming days in contrast with the intake of non-~
egg forming days. The layers did not adjust their

caloric intake to the energy level of the feed.

Effect of environmental temperature and dietary
energy on dwarf and normal hens kept at 22 and 30°¢ was
observed by Ahmad et al. (1974). The birds were given
metabolizable energy intakes of 250 and 350 Keal per
114 g feed. The higher energy content and the higher
temperature sach reduced feed intake by both types of
hens. However, actual energy intake was not reduced by
high energy feed but was reduced by heat. Egg production

was adversely affected by high energy diet.
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The protein requirements of White Leghorn pullets
were evaluated in summer and winter seasons by Chawla
et al. (1375). The dietary treatments were introduced
either at eight weeks of age (Phase I) or at twenty
weeks of age (Phase II) in both the seasons. The
isocaloric rations containing 12.8, 15, 16.6, 18.5 and
21.6 per cent protein were formulated and offered to
duplicate groups of twenty pullets each. The rate of
lay was higher with higher levels of dietary protein
in both seasons regardless of the age at which the
treatments were initiated. Trend in egg production
suggested that protein requirement of White Leghorn
pullets lie between 18.5 to 21.6 per cent and 16.6 to
18.5 per cent in summer and in winter months respectively.
Calculations based on egg production rate, feed consumption
and average egg weight indicated that the requirements
could be met by feeding rations containing 18 to 19 per cent
and 15 to 16 per cent protein in summer and winter

respectively.

Miller Smith (1975) evaluated four feeding programmes
on brown egg type birds housed in cages. Three different
protein levels were formulated in isocaloric diets and fed
to these birds in a forty eight week laying experiment.

The feed schedules were : programme one - 16 per cent
protein, programme two -« 17 per cent proteln, programme

three -~ 18 per cent protein (all fed from 22 weeks through
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70 weeks of age) and programme four - 18 per cent
protein through 39 weeks, decreased to 17 per cent
protein f£from 40th week through 59th week and 16 per cent
protein layer from the 60th week through the end of the
experiment. A statistical analysis of hen-day egg
production results showed a treatment difference at the
5% probability level. Birds on programme one, two and
four had 5 per cent greater production than the birds

on programme three. No statistical difference was
noticed in the feed consumed per dozen eggs between the
four feeding programmes. The birds on programme three
consistently consumed less feed during the entire fourty
eight weeks test period. Egg weights between the four
feeding programmes were not statistically different.
Results obtained indicated that brown egg type birds in
cages do equally well on 18, 17 or 16 per cent protein
laying ration. Aan experiment was conducted by Ameenuddin
et al. (1976) in a 3 x 3 factorilal design with Rhode
Island Red pullets from the time 50 per cent egg production
of the flock was reached to 100 days of laying. The
dietary treatments consisted of three protein levels
(12, 15 and 18 per cent) and three levels of calcium
(2.5, 3.5 and 4.5). The average egg production data
indicated a progressive and significant improvement in
egg production as the level of protein in the diet was

increased from 12 to 15 and 18 per cent. Egg production
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was severely depressed at the 12 per cent dietary protein
level and was highest at 18 per cent protein level. Maximum
feed efficiency was recorded with ration containing 18 per

cent protein.

Reid (1976) estimated daily protein requirements
of laying hens. B5ix experimental diets varying in protein
content from 10.0 to 19.5 per cent were fed to pullets in
colony cages for a period of thirty six weeks. The data
were divided into three phases of twelve weeks for the
purpose of evaluating the protein requirement. During
each of the three phases a diet contailning 14.6 per cent
protein was calculated to produce the optimum response
in egg production and egg ocutput. For the entire thirty
six weeks of the experiment 14.6 per cent dietary protein
was adequate to support an egyg production rate of 77 per
cent at an average protein intake of 16.54 g per hen per

day.

Effects of three levels of calcium viz., 1.8, 3.6
and 5.4, three levels of protein viz., 13, 16 and 19 per
cent and three levels of ME viz., 201, 250 and 300 Kcal
in 120 g feed on feed intake, egg shell quality and hen
performance were studied by Gleaves et al. (1976).
Average egg production was best with diets containing
19 g protein, 200 Kecal ME and 5.4 g calcium. Voluntary

feed intake was influenced significantly by dietary energy
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and protein. As protein level increased, egg production
increased and conseguently protein intake increased.

Hens fed the low level of protein produced eggs that were
0.8 to 1.5 g lower in weight than hens fed the other two
protein levels. The hens fed on the high levels produced
lighter weight eggs than those fed the intermediate level,
but the effect was not significant. There was 31 gradual
but significant improvement in albumen height as dietary

protein increased.

Lillie et al. (1976) determined the dietary energy
requiremencs of caged layers as influenced by relative
humidity and temperature variations. All birds were
exposed to a 14 hour light regime and to one of four
relative humidity levels viz., 50, 60, 70 and 80 per cent
and one of three dry bulb temperatures viz., 13.0, 21.5
and 29.5%. Isonitrogenous diets of varying energy levels
viz., 3080, 2648 and 2220 Kcal ML per kg were fed ad
libitum. Egg production was significantly greater on the
low energy diet than on the high energy diet. The inter-
medlate energy diet did not differ significantly from the
other two dietary energy levels in this respect. The high
energy diet resulted in significantly lower egg weights
than did the intermediate and low energy diets. Specific
gravity and Haugh units were unaffected by dietary energys

An inverse relationship was observed between dietary
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energy and feed intake that was consistent among threa

energy levels., The differenceswere significant.

Macher et al. (1976) conducted an experiment to
study the influence oi dietary energy, proteln and
environmental cempecature on feed intake and hen perfor-
mance. Trhe treatmencts comprised three levels of energy
viz., 13, 16 and 19 g in 120 g of feed and twoc environ-
mental temperatures viz., 14 and 30°C. There was a
significant inverse relationship bztween dietary energy
level and feed intake, and protein intake and calcium
intake apd a positive relationship with body weight
change. The energy intake of hers on the low energy
diets was significantly lowex than for the medium and
high energy diets. The treatmonts did not significantls
influence egg production, albumen height, Haugh units

and livabilivry.

Hinners et al. (1977) observed the efiect of
energy and density levels on performsnce of laying hens
by providing tvo levels of bixrd density viz., four and
five birds per 16" x 16" cege and five levels of enecgy
concencration viz., 3000, 2925, 2850, 2775 and 2625 Kcal
ME per kg to twenty two weeks old ccmmercial pullets.
Per cent hen=day egg production (77.7) was the highest
and per cent wmortality (2.12), feed consumed per dozen

eggs (1.79 kg) and Kcal of ME (414) per egyg were lowest
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at the 2775 Kecal level. Feed consumed per hen per day
(112.8 g) was the lowest at the highest energy level,
but Kilocalories (311.3) consumed per hen per day was

the lowest at the lowest energy level.

Mohan et al. (1977) conducted a 4 x 4 factorial
experiment with 11, 13, 15 and 17 per cent dietary
protein levels each at 2550, 2650, 2750 and 2850 Xcal
ME/Kg to £ind out the relationship between protein and
energy in cage layer nutrition. The results showad a
significantly better egg production and feed efficiency
on 15 and 17 per cent protein levels as compared to 11
or 13 per cent levels. The protein energy interaction
or increase in energy level in the diet did not have
any significant effect on feed efficiency, but affected
the egg production. The average egg weight and body
welght gains increased with corresponding increase in
protein level. With the increase in protein level from
11 to 13 per cent there was a decrease in albumen quality.
However, an increase in albumen quality was noticed when
the energy level was increased from 2550 to 2750 Keal
ME/Kg. Both albumen quality and average egg welght were
affected by protein x energy interaction. The effects of
a mid-laying period reduction in dietary protein level on
productive performance of caged White Leghorn layers were

studied by Hamilton (1978). The protein levels applied
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were 17, 15 and 13 per cent and it was found that dietary
protein level had no significant effect on feed intake,
mortality, egg weight, egg production, specific gravity,
Haugh units or blood spots.

Summers and Leeson (1978) determined the energy
and proteln requirements of laying hens. white Leghorn
pullets were fed with diets containing 17.8 per cent
crude protein and varying ME levels of 3080, 2860 and
2420 Kcal/Kg. Egg production, egg weight and conversion
of feed to egg mass was not affected by the diets.
Pullets on the diet with highest energy took 42 Kecal
more daily than those on the diet with least energy and
resulted in a difference of l% per cent more in body
weight, Increased protein intake associated with the

low energy diet did not improve performance.

Carew et al. (1980) studied the effect of dietary
energy concentratior on performance of White Leghorn hens
at various densities of cages. The birds were housed at
cage floor densities of 660, 440 or 330 cm2 and were fed
dilets with 2737, 3003 or 3322 Kecal ME/Kg. Dietary energy
level did not significantly affect over all hen-day
production. Howewver, the highest dietary energy consist-
ently resulted in the lowest egg production during the
latter part of the experiment. It was concluded that for

heavy egg type hens high dietary energy was not conducive
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to sustained egg production. Increcasing the dietary
energy level decreased feed intake and consequently
increased feed efficiency. The highest dietary energy
caused an increase in egg size dquring midpart of the
experiment. Otherwise, energy level did not affect egg
welght, shell strength, Haugh unit or blood and meat

spots.

Response of thirty egg type stocks toc four layer
diets differing in protein and caloric levels was studied
by Doran et al. (1980). Diet one contained 15.1 per cent
protein and 2770 Kcal ME/Kg of feed, diet two-15.1 per
cent protein and 3010 Kecal ME/Kg, diet three - 17,2
per cent protein and 2770 Mcal ME/Kg and diet four -

17.2 per cent protein and 3010 Kcal ME/Kg of feed. Hen-
day production for the four combinations were 73.40, 74.38,
75.61 and 76 .55 per cent for ration 1, 2, 3 and 4
respectively. Hens receiving 17.2 per cent protein laia
2.19 per cent more eggs than hens receiving 15.1 per cent
protein. The higher caloric level improved egg production
by only 0.96 per cent. As protein and caloric levels of
the diets increased, average egg size, body size and feed
efficiency increased. Protein level of the diet increased

egg size more significantly than caloric level.

Reddy et al. (1980) conducted a 4 x 4 factorial

experiment with 12, 14, 16 and 18 per cent dietary protein
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levels each at energy levels of 2540, 2640, 2740 and

2840 Kecal ME/Kg to f£ind out the influence on production
traits of caged layers. There was significant improve-
ment in per cent hen~day egg production, feed consumption,
feed efficiency and egg weight witcth each incremental
level of dletary protein. An increase in the dietary
energy level significantly decreased egg production, feed
consumption, feed efficlency and egg weight. Maximum
production response was obtained with 18 per cent protein
diet in combination with dietary energy levels of 2540
and 2640 Kcal ME/Kg in respect of egg production and feed
efficiency., The 14, 16 and 18 per cent protein dlets
were similar in their effect on egg weights. Increasing
levels of dietary protein resulted in decline in both
albumen and yolk quality, while increasing levels of
dietary energy improved albumen guality with no effect on
yolk gquality. It was concluded that calorie-protein
ratios of 141 and 147 with 18 per cent dietary protein
and energy levels of 2540 and 2640 Kcal per kg appeared
to be satisfactory for optimum performance of caged

layers.

Reld and Maiorino {1980) investigated the effects
of four dietary energy levels of 2.42, 2.64, 2.86 and
3.08 ¥Kcal/g with three protein levels 14, 16 and 18 per

cent on laying hen performance. At the 14 per cent protein
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level, the increasing dietary energy produced a
progressive decrease in egyg production rate, but an
improvement in feed conversion (kg/dozen eggs). The
protein intake levels for the birds fed those diets
varied from 18.3 to 15.0 g per bird per day as the
dietary energy was increased. Birds fed 16 per cent
protein showed increased egg production as the ME of
the diet was increased. The 18 per cent protein diet
resulted in protein intakes of 19.2 to 22.1 g per bird
per day and less response in egg production than was
obtained at 16 per cent protein with increased levels
of ME from added fat. Increasing the dietary ME with
added fat produced an average of 5,1 to 8.3 g feed per
bird per day for each increase of 0.22 Kecal ME/kg feed.
These dietary changes also resulted in increased ME
intakes amounting to 3.4, 10.8 and 9.9 Kcal per bird

per day for the three protein levels.

Valencia gt 2l. {(1980) conducted a study in
laying hens to evaluate the net energy of tallow and
energetic efficiency of metabolizable conversion to
net energy at 18.3 and 35%. The results showed that
maintenance metabolizable energy needs were 20.3 per
cent less at 35°C than at 18.3%. Dietary energetic
efficiency was the same at the two temperatures. There
was a reduction in voluntary feed intake at higher

temperature. The birds consumed 42.6 to 49.3 per cent



31

less ME at 35°C. Those birds fed with 5 per cent fat
diet and housed at 35°C consumed 15 per cent more
metabolizable energy than those birds fed the unsupple-
mented basal diet at the same temperature. There was
13 per cent increase in ME intake with the feeding of

5 per cent fat at 18.3%. Liver fat contents were not
significantly different in any of the treatments in the

study.

Rothe et al. (1981) studied the effect of level
and source of dietary protein and methionine supple-
mentation on the performance of laying hens. In a 2 x 3
factorilal experiment, individual caged egg type pullets
were fed isocaloric diets containing 2710 Kcal ME/Kg
and 16 and 18 per cent protein each from three sources
viz., plant plus animal, plant and plant plus methionine.
Egg production was found satisfactory on all diets.
Protein level significantly influenced egg production,
which was higher on 18 per cent than on 16 per cent
protein. Egg welght and egg grades were not signifi-
cantly affected either by dietary protein level or protein
source. Egg mass however, was significantly higher at
18 per c¢ent than at 16 per cent protein level. Feed
consumnptien was not significantly influenced either by

level or scurce of protein.
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Thatte et al. (198la) conducted five experiments
in White Leghorn birds to study the effect of dietary
protein and energy content on laying hens exposed to
mean temperatures from 33.3 to 42.2°c, The effect of
only groundnut cake and groundnut cake with fish meal
on egg production and other criteria in layer was also
examined. The protein levels used in various experi-
ments were from 16 to 24 per cent in first, 15.5 to
24.5 per cent in second’14 to 20 per cent in third,

16 to 20 per cent in fourth and 16 to 28 per cent in
fifth experiment. The ME level uged for each protein
level in the respective experiments were 2611 and 2811,
2559 and 2741, 2609 and 2803, 2718 and 2803 and 2584
and 2803 Kecal/kg. The results of the study showed that
egg production, egg weight and body weight gain were not
significantly affected by protein or energy levels.

When fish meal was used as the only protein supplement,
egg production was higher, egg weight significantly
higher and body weight loss significantly lower than

when groundnut cake plus fish meal was used.

Diets containing plant protein resulted in
significantly lower egg production than with animal
protein. Inadequate energy intake was the main cause of
the weight loss which occured regardless of protein levels.
The protein requirements appeared to be 18 per cent or

higher for layers.
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Energy and protein requiremcnts of the individually
caged White Laghorn pullets fed diets containing 14 to
24.5 per cent protein and 2511 to 2811 Keal ME/kg were
studied by Thatte gt al. (1981b). The results showed
no significant difference in average egg production, egg
weight, egg mass and body weight gain except that 14 per
cent protein diet resulted in significantly lower egg
production and egg mass. The egy production was higher
at lower energy levels, but egg welght and body weight
gain were higher on higher protein levels. A&n average
daily ME intake of 301 to 303 Kecal supported high egg
production and daily intake of 18 to 20 g protein
supported higher egg production, body weight and egg
weight.

Douglas and Harms (1982) conducted two experiments,
in which seven hundred and twenty Leghorn pullets were
given dietory protein 9, 14 or 21 per cent from eight
until twenty weeks old with metabolizable energy of 3320,
3197 and 3016 Kcal/Kg diet respectively. At twenty weeks
thirty pullets from each treatment were caged at two hens
per cage and all given the same commercial layer diet with
protein 16.3 per cent, ME 2837 Kcal/Kg, calcium 3.5 per
cent and phosphorus 0.75 per cent. Birds given 9 per cent
protein had the lowest body weight at twenty weeks old
and also throughout the subsequent laying period until

sixty weeks old. About € per cent more large and extra
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large eggs were produced by birds given the grower
dlet with 21 per cent compared with those given 9 or

14 per cent.

The performance of brown egg type layers fed
different protein levels viz., 16, 18 and 20 per cent
each at three ME levels viz., 2400, 2600 and 2800
Kcal/Kg diet was studied by Olomu and Offiong (1983).

It was found that diletary protein had significant

effects on hen-day production, egg weight, Haugh units,
feed intake, feed conversion, feed cost per dozen eggs,
caloric intake,; and final body weight. Protein consumpt-
lon on all levels of dietary proteln was over 20 g per
bird per day and increased significantly with increase

in dietary protein. Mortality was lowest on the highest
protein level. The highest energy level significantly
depressed egg production and feed and protein intake.

The feed costs per dozen eggs increased significantly
with increases in dietary energy level. Caloric intake
and final body weights were similar for the medium

(2600 Kecal/Kg diet) and highest energy levels (2800 Kcal/
kg diet), but significantly higher than that obtained on
the lowest energy level (2400 Kecal/kg diet). Egg weights,
Haugh units, feed per dozen eggs and mortality were not
significantly affected by energy levels. The experiment
supported the use of 16 per cent protein and a metaboli-
zable energy level of 2400 Kecal/Kg diet for brown egg

type layers.
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Three experiments were conducted by Summers and
Leeson (1983) to investigate the influence of diet compo=-
sition and body weight on early egg size. White Leghorn
pullets were fed with corn-soya practical type diets-one
containing 17 per cent protein (DL-methionine supplemented)
to provide a level of 0.34 per cent methionine, a second
diet similar but with a level of 0.44 Per cent methionine
and a third diet containing 22 per cent crude protein
with‘methionine supplemented to a level of 0.44 per cent.
All diets contained 2800 Kcal ME/Kg and equal levels of
other major nutrients. It was observed that increasing
dietary protein or methjonine level had little or no
effect on egg size for the first twelve weeks of product-
.on. Energy consumption was similar for all groups,
although birds fed high energy-high protein diet, consumed
significantly more energy than did birds fed the low

energy-low protein diet.

Energy metabolism in laying hens kept ag‘temperatures
of 21 or 17°C and either singly in battery cages with an
area of 2100 cm2 or 3 in each cage having 700 cmz/hen was
studied by Chwalibog (1985). Feed intake was greatest in
all trials at about 35 weeks ang greatest egg production
at 38 to 41 weeks old. Temperature had no significant

effect on size or chemical composition of eggs.
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Onwudike (1985) studied the effect of different
protein levels on the perfocmance of laying birds in
tropical enviromment. One hundred and ninety two
commercial laying hens were given diets with 16, 18, 20
or 22 per cent protein. All diets had similar concentra~
tion of energy, calcium and phosphorus. Increasing the
protein concentration from 16 to 18 per cent led to a
significant increase in the average laying rate, egg
weight, feed intake and feed conversion efficiency.
Protein at 20 or 22 per cent did not increase performance

beyond the optimum.

Effect of the amount of protein in the diet on the
performance of laying hens was observed by Franchini et al.
(1986). From twenty two to forty one weeks old two hundred
and eighty eight laying hens in two groups with sixteen
replications were given diets equal in energy and calcium
with protein 18.5 to 16.5 per cent. From forty two to
sixty one weeks, old, two sub=-groups in each group were
given diets with protein 18.5 or 16.5 per cent. There was
no significant difference in feed intake, egg production
or feed conversion between groups to forty one weeks old.
Decreasing protein in the diec from 18.5 to 16.5 from
forty two to sixty one weeks old did not significantly
affect production. Egg gquality except for weight was
not affected by treatments.
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Saxena et al. (1986) observed the performance
%of commercial laying pullets on different protein and
energy levels during winter months. From age nineteen
weeks three hundred and fifty eight laying pullets in
nine groups were given diet containing protein 15, 17
or 19 per cent and energy 2800, 2900 and 3000 Kcal/Kg
for 100 days. There was no significant difference due
to diet on age at sexual maturity, egg production, egg
mass, feed efficiency, mortality or internal egg
quality. It was concluded that optimum requirements
of protein and energy ror laying hen% in winter were

15 per cent and 2800 Kcal ME/Kg diet respectively.

Tomova and Duneva (198€) conducted an experiment
to study the effect of amount of metapbclizable énergy
and protein in mixed feeds on the productivity of laying
hens. From twenty six to sixty thfee weeks old, four
groups of seventy two laying hens in battery cages were
given diet with a protein level 17 per cent (group one
_and two) and 18 per cent (group three and four) and
energy level of 2700 Kcal/Kg (group bne and three) and
2800 Kecal/Kg (group two and four). Mean égg production
was 78.7, 78.4, 77.93 and 81.22 per cent and mean egg
weights were 48.38, 48.38, 47.71 and 49.61 g respectively.
Feed intakes weres 164, 168, 164 and 160 g per egg laid

and 2676, 2729, 2680 and 2712 g per kg eggs. Effect of
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on the performance of egg type commercial pullets

were studied by Thakur et al. (1987). From twenty to
forty weeks o0ld pullets were given fifteen diets with
crude protein 18, 16 or 14 per cent and lysine 0.75,
0.70 and 0.65 and methionine plus cystine 0,60, 0,55
and 0.50 per cent at each protein levei. Each protein
had a negative control with only vegetable protein and
a positive control with vegetable protein plus 5 per
cent fish meal. Percentage hen day egg production was
maximum with 18 per cent dietary protein. Feed
efficiency was least with 14 per cent crude protein
and for hens givén vegetable protein increased when
amino acids were supplied; values were poor for diet
with vegetable protein, fish meal and medium a%ounts
of amino acids. Weight gains were similar for diets

" with vegetable protein, animal protein and low amounts
of amino acids and were least with highest amounts of

amino acids.

Jin and Craig (1988) while studying the effects
ot cage and floor rearing on commercial White Leghorn
pullets during growth and first year of egg production
reported that carry over effects from cage and floor
ben rearing into the laying period were small and

transient; pullets recared in Cages attained sexual
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maturity two weeks earlier and hag & per cent higher

hen housed egg production for the first four weeks
period. However, when compared ror the full forty
eight week laying period, no significant difference
associated with rearing environments were found for
livability, rate of lay, hen housed egg production,
egg weight or egg mass. Although thirty two g heavier
when housed at nineteen weeks, cage reared hens did
not differ significantly in body weight from floor

reared hens at 20, 50 and 67 weeks.

Reddy et al. (1988) conducted studies on step-up
and step-down protein diets for growing pullets on their
laying house performance. During the growing period the
birds were fed with diets containing 12 or 22 pér cent
protein and ME 2750 to 2800 Kcal/Kg, thereafter a layer
diet containing 18 per cent protein and ME é680 Kcal/Kg.
It was found that chickens started on 12 per cent protein
reached sexual maturity ten days later than those started
_on 22 per cent protein. Per cent hen - day production was
similar in all the dietary treatments regardless of
protein fed during starter}and grower period. Egg weight
was reduced and albumenvindex increased in chickens
started on 12 per cent compared with 22 per cent protein.

Mortality was not affected by pre-layer protein intake.
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Summers and Leeson (1989) carried out a:2 x 6
factorial experiment in which White Leghorn chickens_
were given maize-soybean meal diets with metabolizable
energy 2800 or 3006 Kcal/Kg and proteih 23; 21, 19, 17,
15 and 14 per cent. Daily protein intake was between
13.3 and 23.3 g from 18 to 32 weeks o0ld and between
14.2 and 24.9 g from 32 to 56 weeks old. Performance
decreased only at the lowest protein level. Energy
intake was not different between diets, except for
23 per cent protein which increased energy intake by
8 per cent. It was concluded that since there was no
difference in performance over the different protein
levels with about 75 per cent variation in protein
intake, energy intake was more likely to be a limiting
factbr than protein intake in‘the Rerformance of

LY

chickens. 4 ;
Jalaludeen and Ramakrishnan (1989a) conducted a
study to assess the requirement of dietary protein and
energy for layers maintained in cages. The protein
levels employed were 14, 16, 18 and 20 per cent and
energy levels were 2400, 2500, 2600 and 2700 Kcal ME/kg
diet. The observations were made over twelve, 28-«day
periods. iThe varying levels of protein and energy
employed did not have any significant influence on
Body weight aﬁin. Neitherlprotein nor energy influenced

feed intakejhh%ieas hen-day egg production was



influenced significantly by dietary protein but not
by energy levels. Egg production was significantly
highest with 18 per cent protein and lowest with 14
per cent protein. However, no significant difference
in egg production was observed between 16—and 20 per
cent dand that between 18 and 20 per cent. Feed
efficiency (both on egg number and egg weight) was
significantly superior with diets containing 16, 18
and 20 per cent protein. Energy levels in thé diet
did not inrluence feed efficiency. The mean egg
weight was influenced significantly by protein as
well as energy, whereas shell thickness was influenced
only by dicrary protein,

Jalaludeen end Ramakri:itnoen (1989b) Cdr}iﬁd out
another experiment with 108 strain cross White Leghorn
Fulletg fromm 20 Lo 40 wesks o Age to study the oplimum
protein and energy requirements of caged layers., Three
levels of prolein vizo, 14, It a0 8 ner cent CP and
three levels of energy viz., 2300, 2500 and 2700 Kcal
ME/Kg were employed. Maximuu and minimum hen-day egg
production percentages were observed with protein :
energy combinations of 18 : 2500 and 14 : 2500
respectively. Daily feed consumption of birds subjected
to different protein and energy diet did not differ
significantly. Significantly better feed conversion

efficicucy waz nors? with lo : 2700 groups Though
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significant differences were noted with egg weight
among the various treatment groups, the results did

not show a definite trend. The highest feed cost was
observed with birds of 18 : 2500 group while the lowest
was observed with 14 ¢ 2300 groﬁp. From the results
obtained it appeared that a crude protein level of

14 per cent with an energy level 6f 2300 Kcal ME/Kg
feed was required for cqmmercial egg production in

caged layerse

Housing system - Deep Litter

Starter period

Hill and Danky (1950) studied the protein require-
ments of chicks and its relation to dietary energy level,
Three protein levels (20, 25 and 30%) were fed in all
possible ceosvinations with graded levels of fish meal
(0-4%) . with adequate fizn meal, all protein levels
promoted equal growth; with inadequate fish meal, high
protein level depress=d growthe. NO improvement in growth
of cross brad chicks Lo seven weeks of dage was obtained
by increasing the protein level aoouv. 20 ner cent in «
diet of relatively high productive energy content based
on corn, wheat and heat extracted soybean flour. Reducing

the protein level below 20 per cent in a similar diet
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high in productive energy reduced growth rate. 1In
contrast, normal growth was obtained with protein
levels under 20 per cent when dietary productive
energy level was reduced by adding pulverised oat
i1l feed or oat hulls, The productive energy value
of the ration was a major factor in controlling feed

intake.

Leong et al. (1955) conducted two experiments
to study the effect of energy - protein ratio on growth
rate and feed efficiency of chicks. New Hampshire x
Wnite Leghorn crossbred chicks were fed diet with protein
content varied from 12 to 42 per cent at 5 per cent
intefvals and energy levels of 700, 950, 1210 and 1450
Calories/lb. In experiment one, at five weeks best
growth among'the 700, 950 and 1210 Caloric diets obtained
at 22, 27 and 32 per cent protein respectively. Weights
of the three respective groups were 1162, 1165 and 1213
grams and feed conversion were 2.5, 2.1 and 1.9 gram
feed per gram gain. In experiment two, best growth among
£he 950, 1210 and 1450 Caloric diets was obtained at
22, 27 and 32 per cent protein respectively. Weights of
the three respective groups were 1162, 1165 and 1213 gram,
and feed conversions were 2.5, 2.1 and 1.9 grams feed per

gram gain.

e
%
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Thornton et al. (1957) conducted experiments in
batteries and floor pens to study the energy and protein
relationéhips in male and female chicken. Two protein
levels 20 and 24 per cent, and four energy levels 1110,
1245, 1375 and 1510 metabolizable Calories per kg feed
were used., The energy level was chanaed by varying the
lcorn soybean cil meal ratio. Famziles showed ne growth

response to additional protein at the four energy

levels studie«d in both housing systems. In the floor

-

‘

trial both sexes showed addiciconal goowilh with increased
2nergy at eacin protein level., Feed efficiency was

improved as the energy level increased.

Reddy et al. (1965) studied the growth responseb
of White Leghorn hybrid chicks to three differént protein
supplements. About eight thousand chicks were randomly
divided into three lots., Three different rations consist-~
ing of different combinations of animal protein supple-
ments viz., non~fat dry milk, fish meal and liver residue
were assigned to each lot. The rations contained energy
levels of 1805, 1185 and 1110 Calories ME/lb and protein
levels of 22.6, 24.6 and 23.7 per cent respectively.

The level of non-fat dry milk in the three rations were

10, 10 and 15 per cent respectively.

Ration III was found consistently superior to

both the rations I and II. Ration IT was found to be
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slightly superior to ration I. The body weight of
chicks fed ration III were significantly superior at
10 days, 17 days and 10 weeks of age. The superiority
of ration III was indicated to be due to its higher
level of non-fat dry milk with its higher biological

value and its higher assimilable calcium contente.

Quafles et al. (1981) conducted experiment in
which simgle comb White Leghorn pullets were grown
under three dietary regimes. One group (control) was
fed a 20.1 per cent starter (S) from 0-8 weeks, a 15.1
ﬁer cent grower (G) from 9-12 weeks and a 13.8 per cent
developer (D) from 13 to 20 weeké. A second group (Low)
were fed (G) trom 0-8 weeks and D from 9 to 20 weeks.

A third group (MEDIUM) was fed S from O to 4 weeks and
D from 5 to 20 weeks. An identical feeding programme

was used in cach group for the duration of laying period.

Control pullets was significantly heavier than
birds fed lower amounts of protein at all ages examined
during the growing period. Body weights at 20 weeks
averaged 1383, 1246 and 1318 g in control, Low and
MEDIUM birds respectively. The total feed as well as
the protein and energy intake were slso highest for
control birds during the growing poeriod. During lying
phase hen ncused prodnction from 20 to 52 weeks of age

was also highest in control birdse
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Reddy et al. (1989) studied the effegt of
varying dietary protein levels during starter and
grower stages on subsequent production performance
of egg type chicken. Diets varying in protein levels
viz., 22, 19.8, 17.6, 15.4 or 13.2 per cent with an
energy content of 2700 Kcal ME/Kg were given to White
Leghorn chické maintained on the floor during starter
period. Dietary protein content did not influenc;
feed intake, energy intake and feed efficiency.
Mortality was higher and financial returns were less

for the birds started on 13.2 per cent protein.

Grower period

Lillie and Denton (1967) evaluated the dietary
protein levels for White Leghorn in the grower and
subsequent layer periods. The birds were reared on
litter and fed different protein levels at two different
ages and then transferred to layer cages. Diets one,
two and three containing 21, 16 and 12 per cent protein
respectively were used to supply the following levels
of dietary protein during tho growing perizcd-Oue -

21 per cent 0-8 weeks and 16 per cent 8-20 weeks,
two - 16 per cent (0-20 weeks, three - 16 per cent 0-8

weeks and 12 per cent 8-20 weekso

The 21-16 per cent grower diet produced signi=-

ficantly heavier body weights than 16-12 per cent grower



diet at eight and twenty weeks of «ye. The grower
dieir had no effect on the traits studied in the
subseguent luyer period, except that 21-16 per .cent

grower diet significantly increased eqgg production.

Saxena and Pradhan (1973) carried out a study
on the requi:emsnt of prot=in fcr growing birds of
ditferent breeds. Two hundred and sixty four female

chicks of ten weeks of age wer: grown Glets conteinlng

20, 16 and 12 per cent proteis and hept in well-

ventileated pons under decp lito.or oo tbom, They found
that 16 per cent protedn wa. . @ .um f0or growers of

different uroeds inclading Whit - Leshorn ot a dietary
energy level of 2712 Kcal/Kg with a calorie protein

ratio 170 : 1.

A study was conducted by Singh and Talapatra
(1974) to find out the effect of varying levels of
energy in the mash on growth and egg production in
White Leghorn birds. Four isoproteinic meshes differing
in ME contents viz., 2999, 2521, 2028 and 1536 Kcal/Kg
were offered to two hundred day old chicks and at six
weeks of age chicks were transferred from battery
broocder to deep litter house. There was significant
difference in weight of chicks observed upto eight

weeks of age.
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Layver period

Heywang (1947) conducted study to estimate

the protein level of laying diets during hot weather.
Data on the effect of the level of protein in the diet
on mortality rate, feed consumption, egg production

and live weight of laying White Leghorn pullets and
hens were obtained in four experiments. One diet low
in protein content (11, 12, 12,5 or 13.5 per cent),

one diet 'standard' in protein content (15.5, 16.5 or
18 per cent) one diet moderately high in protein
content (23, 25 or 25.5 per cent) and one diet extremely
high in protein content (30, 31.5, 35 or 44 per cent)
+vere fed in experiments. A diet slightly high in
mrotein content (20.5 or 22.5 per cent) waé also fed

in two of the experiment. Combination of the results
of &ll experiments showed that the total mortality was
approximately greater in the groups receiving the diets
woderately nigh in protein than it was in the group
receiving the standard diet or diet low in protein.
Average total feed consumption and average total egé
producticn were greatest on the diet moderately high

in protein «nd lowe:st on the dicits low in proteine.

The poorest maintenance of live welght occurzed in the
groups fed tre diets low in procein, Lhe groups receiving
the other clusses of diets diifered but little in their

Halnienaille il Live we lol.boe
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Heywang et al. (1956) in one experiment
conducted during 112 days of hot weather and in another
conducted during 120 days of hot and 153 days of
relatively cool and moderate weather, laying White
Leghorn pullets were fed diets containing varying
quantities of Sardine meal and casein to bring their
total protein content to about 11.5, 13, 15, 16.5, 18
and 19.3 per cent. The total protein content of the
diet fed to three groups in the second experiment was
different during hot than cool and moderate weather.
It was found that average total egg production per
pullet in the first experiment was less when the protein
content of the diet was 11.5 per cent thar when it was
13 per cent, but not greater when it was more than
13.0 per cent. The results in the second expefiment
both in the groups fed the same diets throughout the
experiment and in the groups when the protein level of
the diet was changed, indicated that optimum level of
protein was 15.0 per cent during both hot and relatively
cool and moderate weather. Considered collectively, the
data from both experiments thus indicated that no increase
in egg production would occur if protein ievel in the
‘diet of laying chickens was greater than 15.0 per cent

during hot weather.

Mac Intyre and Aitken (1957) conducted two feeding

trials to determine the effects of high levels of dietary
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® energy and protein on the performance of laying hen.
Protein levels of 20,0 = 21.3 per cent were compared
with levels of 15.4 to 16.5 per cent. Energy levels
ranged from 700-940 Calories/pound. They.found that
neither high enefgy\uor high protein had any influence
on rate or e¢gg production, egg weight, specific gravity
ot eggs, albumen height or blood and meat spots in the
€ggs. Feed consumption and feed per dozen eggs were
markedly aitected by the energy content qf the diet,
Body welghi was hignest when hign protein and high
energy were combined, but waz thoe Sawe for all other
dietse. Mortality was significantly higher on the high
protein diets in the two experinents.

f

The effect of low and high energy in two experi-
ments ot ten months each was studiza Ly Petersen et al.
(1957). The low energy ration (660 calories) contained
61 per cent barley and the high energy ration (910
calories) contained 50 per cent corn. Each ration was
fed to duplicate lots of seventy five pullets in both
experiments. During the second experiment, the winter
house temperature of one lot fed each ration was

maintained at 55 + 30F. The temperature of other pens

~
? -

sunged from 0 Lo 60'F. During the first year, average
€gg production of the four lots fed the high energy
ration was 2.5 per cent greater than lots fed low energy.

Feed efficiency 1b feed/doz. €ggs) was influenced by



energy level. The low energy diet required 10 per cent
more feed. Egg production was not influenced by energy
level during the second trial. Influence of energy upon
feed efficiency was similar to the first experiment.
However, production was improved when the house temperature
was controlled during the winter months. Maintaining
uniform temperature'also resulted in 10 per cent improve-

ment of feed efficiency with both energy levels._

Berg and Bearse (1958) conducted a study in which
nine hundred strain cross White Leghorn pullets during
the 8 to 20 week period were fed two rations, one of the
diets contained approximately 15 per cent protein and
1100 calories of ME per pound, while the other ration
contained 18 per cent protein and 1300 calories of ME
yDer pound. When the pullets were 20 weeks old, the two
laying rations which had the same approximéte protein
and energy content as the deceloping rations were
formulated. Three of the laying house groups from each
. 0f the developing rations were cdntinued on a laying
ration of @ similar protein and energy content. The
other three groups were changed to the laying ration
providing the other level of protein and energy, and
the groups were continued on their laying dietg for
twelve, 28-nay periods. The results showed that the
above variation in developing raticrn had oo c¢ffect on

such subsequent laying perioa orite:iz 2o rute of lay,
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feed per dozen eggs, mortality, body weight gain,
albumen guality or shell thickness. The birds fed

the higher protein~higher energy developing diet
produced slightly larger eggs at the onset of producte
ion. The effect of the growing ration on early egg

size decreased as the laylng year progressed.

The effect of dietary protein and energy levels
upon production of single comb White Leghorn hens
maintained on floor was studied by Hochreich gt al.
(1958)« The six experimental diets included three
levels of protein (calculated to contain 1i5.7, 17.0
and 18.35 per cent) with and without the addition of
stabilised yellow greese. The average rate of egg
production for the hens receiving diets containing
17 or 18.35 per cent protein was significantly higher
than the rate 0f egyg production with hens recelving
15.7 per cent protein in the diet. The feed efficiency
per dozen eggs also gave the same results. A level of
17 per cent protein in the feed was required to
maintain maximum egg production and feed efficiency
when the feed contained at least 950 Calocies of

productive energy per pound.

An experiment was conducted by Pepper et al.
(1959) involving about 1450 birds of seven different

strains and crosses. One half of the birds were reared
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on range and the remainder in confinement. One half
of each of these groups was fed high and the other
low energy diets during the starting and growing
periods and all groups received the same high energy
diet during the laying period. The productive energy
content of the high energy diets was 916, 929, 944

and 973 Calories per pound for the 0-4, 5-8, 9-14

and 15«20 weeks periods respectively, while for the
same perilods low energy diets contained 872, 874,

877 and 879 Calories per pounds Results revealed that
birds reared on range laid slightly, but not signifi-
cantly better than those reared in confinement. There
wag no difference in egg production or feed reguired
per dozen eggs between birds reared on high and those

reared on low energy diets.

Thornton and Whittet (1959) tested the adegquacy
of low protein levels for egg production under various
conditions. Four levels of protein (17, 15, 13 and
11 per cent) were tested under several conditions viz.,
different strains of birds, cage and floor management
and high and low dletary energy levels. In all cases
it was evident that the 13 per cent protein diet was
comparable to the higher protein levels for egg product-
lon and feed efficliency. The 1l per cent diet was

insufficient under all conditions when the dietary energy
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level was high. When the dietary energy level was
reduced, this protein level was comparable to the
three higher energy levels for egg production, feed
efficiency and hatchability.

Carlson and Stangeland (1960) studied the
effect of protein levels and furazolidone treatments
under both cage and floor pens on egg production.
Single comb White leghorn hens were placed in floor
pens as well as in individual and colony cages.
Dietary treatments included protein levels of 12,

13.4 and 16 per cent on all-mash corn-soybean fat

type diets of constant energy content with and without
supplements of furazolidone at 25 gram/tonne. Through
6 months of treatment, the hens in the floor pens laid
at a superior rate compared to those in cages but were
not influenced by protein level or furazolidone treat-~
ment. It was evident that hens in £loor pens required

less protein then hens in cages.

The protein reguirement for egg production was
studied under various conditions by Thornton and
Whittet (1960). The factors included the type of
management (floor or cage) dietary energy level and the
genetic background. Four different protein levels viz.,
17, 15, 13 and 11 per cent were employed at two different
energy levels of approximately 700 and 900 Calories

productive energy per pound of ration. Under floor
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management condition, the three higher protein groups
were merely identical in the rate of egg production

and superior to the 11 per cent protein levels for hen
fed the high energy ration. Feed efficiency was higher
for those three groups compared to the group given 11

per cent proteine.

The effect of three energy levels viz., 2650,
2750 and 3050 Keal ME/Kg with two dietary protein
levels viz., 15 and 18 per cent on the performance of
laying hens in £loor pens and in cages in the tropics
was studied by Sugandl et al. (1975). With continuous
high temperature and almost no variation in day length
annual egg production was 73 per cent for the better
diets in floor pens. The most efficient and profitable
diet contained 17.5 per cent protein and 2850 Kcal ME/Kkg.
Egg preduction and feed conversion were significantly

better in floor pens with higher protein levels.

Rama Rac et al. (1983) tock up studies to determine
the influence of housing systems, stocking density ard
protein level during different stages of growth and
production on performance of commercial egg type chicken.
The per cent hen-day egg production and feed efficiency
were found highest in litter floor birds than cage and

slat floor birds. In laying phase the birds with
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1.6 sg.ft/bird on litter performed better than the
birds with 2.0 sg.ft/bird. The birds with 18 per cent
protein performed better than the birds fed with

15 per cent protein irrespective of housing systems.

Prasad et al. (1984) studied the production
and biochemical responses of White Leghorn pullets
as affected by varying housing systems and stocking
densities and dietary protein levels. Results showed
that in each housing system lower space allowance gave
better performance than the higher allowance. Higher
dietary protein (18%) supported significantly higher
production than 15 per cent dietary protein. Litter
reared birds had higher levels of serum protein,
uric acid, calcium, phosphorus and alkaline phosphatase

activity than birds on slats or in cages.
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MATERIALS AND METHODS

An experiment was designed and conducted at
the All India Co~ordinated Research Project on Poultry
Rutrition, Centre for Advanced Studies in Poultry
Science, Kerala Agricultural University, Mannuthy, to
find out the influence of housing systems on energy
and protein requirements of White Leghorn strain cross
birds from one day old to 72 weeks of age under the

prevailing agroclimatic conditions of Kerala.

Two systems of housing namely deep litter and
cage were taken up for study. Seven hundred and twenty,
one-day old female chicks of ILM=90 were procured from
All India Co-ordinated Research Project on Poultry for
Eggs, Mannuthy Centre. The chicks were wing banded and
weighed individually. They were randomly divided into
two groups of 360 chicks each, one for experimentation
in deep litter and other for cage experiment. Each group
was further divided randomly into 36 units containing
10 chicks each. The birds were assigned to 12 dietary
combinations of protein and energy. Four levels of
protein viz., 14, 16, 18 and 20 per cent and three levels
of metabolizable energy, viz., 2300, 2500 and 2700 Kcal

ME/Kg were employed in all possible combinations. Thus,
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in all, there were 12 treatments and each treatment
was replicated thrice and each replicate had ten chicks

under both systems of rearing.

The three hundred and sixty chicks meant for
cage study were housed in electrically operated battery
brooders with raised wire netting floor. The remaining
360 chicks were brooded on deep litter. The chicks in
the two systems were fed different experimental diets.
The composition of the experimental diets is given in
Table 1. The ingredients required for the formulation
of the diet were procured and were analysed for proximate
composition. The proximate composition of ingredients
as well as the rations was estimated according to the
procedure outlined in A.0.A.C. (1970). The level of
the fish meal, being the sole animal protein source, was
kept constant in all the diets. Marginal adjustments
were made in the other ingredients to obtain the required
protein and energy levels of the diets. The individual
ingredients as well as the mixed rations were analysed
each time for their crude protein and energy levels.

The metabolizable energy value of the ingredients and
rations was calculated using the prediction eguatlon
suggested by Carpenter and Clegg (1956). The available
carbohydrate was estimated by the application of method

suggested by Carpenter and Clegg (1956).
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Feed and water were provided ad libitum. The
routine managemental practices were uniformly followed
throughout the experimental period in both the groups.
The chicks were vaccinated against Marek's disease
(first day), Ranikhet disease (at 5 days, sixth and
eighteenth weecks of age), Infectious bursal disease
(at 21 days of age) and Fowl Pox (at 14th day and 8th
week of age). Daily minimum and maximum temperature
and relative humidity were recorded during the period

of experimentation.

The observations during starter phase was made
from 0~8 weeks of age and subsequently during grower
and layer phases the data were collected at intervals

of four weeks.

The observations recorded during the starter
phase and grower phase were feed intake, body weight,

feed conversion efficiency and mortality.

Because of sexing error and mortality, only two

replicates were used during the grower and layer phases.

During the layer phase (20~72 weeks of age)
individual body weights were recorded at 20, 40, 60 and

72 weeks of age.
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Dally egg production, under the different treatment
groups was recorded during the entire experimental period.
From this data, hen-day egg productiocn was calculated for

each 28~day period.

Feed intake was recorded replicate-wise at the
end of each 28~day period and from this data feed intake
pexr bird per day was calculated for the various treatment
groups. Feed conversion efficiency (feed per dozen eggs)
was calculated utilizing the data on hen-day egg preduction

and feed intake.

During the last three consecutive days of each
28~day period, egg collected from all the treatments were
weighed individually and cone egg from each replicate was
saved at random every day for egg quality studies. They
were marked and stored in a refrigerator for internal
quality studies on the next day. The height and width of
albumen, height and diameter of yolk and shell thickness
were recorded. From these data albumen index, yolk index
and Haugh unit were calculated as per USDA procedure

(Anon, 1975).

At the end of the experimental period, one bird
from each replicate was selected at random for measuring

abdominal fat aad estimation of liver lipids. The birds
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were fasted and killed. The fat detached from the
viscera of each bird was weighed for the assessment of
abdominal fat. One piliece of liver from each bird was
saved, marked and sealed in polyethylene bag and was
stored in deep freezer for estimation of liver lipids.
The liver samples were thawed, dried and finely ground
before analysis. Estimation of ether extraccives of
liver samples was made employing the procedure described

in A.0.A.C. (1970).

Coat of feeding was calculated for different
phases based on the actual feed intake per bird during

each phase and the prevailing cost of feed ingredients.

The data collected were subjected to statistical

analysis (Smedecor and Cochran, 1967).



Table 1 Percentage composition of experimental diets

Protein (%) 14 16 18 20
Ingredients :EE?E§____
(vcal/¥g) 2300 2500 2700 2300 2500 2700 2300 2500 2700 2300 2500 2700
YellOow maize 47,50 52.00 €0 00 36 00 46 .00 €60.00 35.00 45 00 54.20 35.00 45 00 54 00
Ground nut cake - - - 3.00 4.00 4.00 4.00 5.00 10.00 6.00 7.00 8.00
Gingelly oil cake 3.00 1.00 1.00 3.00 4.00 4.00 10.00 10.00 5.00 15.00 15 00 15 00
wheat bran 12.00 14.00 4.00 21.00 12.00 4.00 21.00 12.00 - 22.00 12.00 3.00
Rice polish 20.u0 1€ .50 18.50 20.50 17.50 11.50 14.00 12.00 14.50 €.00 5 00 4.00
Fishmeal 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Mineral mixture 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.0C
*

Shell meal 4.50 4.50 4.50 4.50 4,50 4.50 4.00 4.00 4.50 4.00 4.00 4,00
>aw Dust 5.00 - - - - - - - - - - -
Salt (g) 250.0 250.0 250.0 ¢50.0 250 0 250.0 250.0 250.0 250.0 250 0 250.0 250.0
Merivite (g) 10 00 10.00 10.00 10.00 10.00 10.00 10.00 10 00 10.00 10.00 10.00 10.00
Liv-52 (g) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Amprosol 50.00 50.00 50.00 50.00 50.00 50.09 50.00 50.00C 50.00 50.00 50.00 50.00
Calculated value

Proteain (%) 14 2¢ 14.37 14.09 1€.10 l6.38 1€ .08 18.23 18.2€ 18.17 20.12 20.13 20.17

Energy (Kcal ME/¥g) 2328 2513 2661 2318 2400 2€92 2331 2502 2693 2344 2521 2691

Calcium (%) 3.25 3.22 3.23 3.27 3.29 3.29 3.24 3.24 3.32 3.34 3.34 3.35

Phosphorus (%) 0.99 0.97 0.01 1 10 1 Cl 0.87 1.10 0 99 0 91 1 04 0 95 0.87

Lysine 0.€8 0.67 0.64 0 75 0.73 0.EQ9 0.81 0 79 0.76 0.86 0 84 0 82

Methionaine 0.35 0.29 0.29 n.33 0.34 0.34 0.41 0.41 0.38 0 4¢€ 0 47 J 47

w*
ohell meal was not incorporate’ ir chick starter and grower rations. The level was adjusted witl appropr ate addition of saw-cust
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RESULTS

The results of research carried out to examine
the influence of housing systems on the dietary protein
and energy requirements of White Leghorn Strain Cross
(ILM~90) from one day 0ld to seventy two weeks of age

is presented in this chapter.

Temperature and Relative humidity

The mean maximum and minimum temperature as well
as relative humidity (monthwise) from aApril 1989 to
August 1990 (period of experiment) recorded inside the
poultry houses where the experiments were undertaken

are given in Table 2.

During starter phase (0-8 weeks), the range of
maximum temperature inside cage and deep litter houses
was 28.7 to 34.2°C and 29.4 to 34.4°C, minimum temperature
was 24.9 to 26,3°C and 24.5 to 26.2°C and relative humidity
was 69 to 83 and 66 to 8l per cent respectively. During
grower phase (9-20 weeks) the corresponding values were
27.6 to 29.9°C and 27.6 to 31°c, 23.1 to 24.6°C and
24.0 to 24.5°C and 82 to 84 and 79 to 82 per cent
respectively. Likewise, while the birds were in lay
(21-72 weeks) the values were 27.3 to 36.1°C and 28.0 to
36.5°C, 23.0 to 26.2°C and 22.7 to 26.7°C and 67 to 86

and 64 to 84 per cent respectively.



Table 2

Mean monthly temperature and relative humidity during

the period of experiment

Cage house

Deep litter house

Period Temperature (°c) Relative Temperature (®c) Relative
humidity humidity
Maximum  Minimuam (%) Maximum  Minimum (%)
April 1989 34.2 26.3 70 34.4 26.2 66
May 33.0 25.8 69 33.3 26.0 67
June 28.7 24.0 83 29.4 24.5 81
July 27.6 24.0 84 27.6 24,0 80
August 29.6 24.6 82 31i.1 24.5 79
September 29.9 23.1 82 30.0 24.0 82
Qctober 31.0 23.0 80 31.0 24.6 78
November 32.5 22.7 73 31.0 25.1 70
December 30.6 24.8 68 32.0 24,0 65
January 1980 33.1 23.4 72 33.5 22.4 72
February 34.8 23.8 67 35.4 2247 64
March 36.1 26.1 65 3645 26..1 64
April 35.8 26.0 70 36.2 26.7 72
May 30.5 2642 80 32.7 24.8 79
June 28.4 25.0 86 30.3 24.8 84
July 27.3 24.3 8% 28.0 24 .4 83
August 28.5 25.1 83 29.4 24 .6 81
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In cage house the highest maximum temperature was
recorded during March 1990 and lowest maximum temperature
during July 1990. While in deep litter house the highest
and lowest maximum ctemperatures were recorded during March
1990 and July 1985 respectively. Meanwhile, the highest
minimum cemperature in cage and deep litter houses was
recorded during April 1989 and April 1950 and lowest

minimum during November 1589 and January 1990, respectively.

Likewise, the highest relative humidity was recordsd
during June 1990 and lowest during Maxrch 1990 in both the

houses,

Starter Phase (0-8 weeks)

The mean value of eighth week body weight (g),
feed intake per blrd during zero to eight weeks (g),
weight gain (g) and feed conversion efficiency of different
housing systems and varying protein and energy levels are

glven in Table 3,

Elghth week body weight

Mean body welght of birds at elght weeks of age
(Table 3) revealed that those reared in cages were
heavier (240.10 ¢) than that on floor (265.86 g). Body

welght showed a numerical lncrease as the level of protein



Table 3

the performance of starter chicks (0-8 weeks)

Effect of housing systems, dietary protein and energy levels on

Figth week Feed intake Welghct gain Teed conversion

Character body weight p2r bird efficlency

(@) (g) (g)
Housing systems  Cage 340.10° 1440.31 307.73° 4.73%
Litter 265 .36° 1441.42 233.42% 6.347
Protein (% CP) 14 274.69° 1466 .27°° 242.61% 6425
16 289.18% 1414.813 256 .543 5.65°
18 313.45° 1501.67° 280.89° 5.52°
20 334.61° 1380.712 302.26° 4.72%
Cnergy 2300 295 .46 1460.91 262.90 5.73%
(Keal ME/Kg) 2500 301.78 1448.66 269.72 5.62°
2700 311.71 1413.02 279.10 5.27%

C®  Housing 16.957 (PL.0.01) - 17.207 (P,.0.01) 0.373 (P£.0.01)
Protein 23.980 (P/.0.01) 91.051 (P/ 0.01) 24.335 (P/ 0.01) 0.527 (P £ 0.01)
Housing x protein - - - -
Cnergy — - —— 0.342 (P 0.05)
Housling x energy - — - -
Protein x energy 31.101 (P£.0.05) - 31.561 (P£ 0.01) 0.913 (PL.0.01)
Housing x protein x — — — —
energy

Letters bearing the same superscript do not differ

significantly between each character
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in the ration increased. The mean body weights of
birds fed with 14, 18, 18 and 20 pexr cent protein diets
were 274.69, 239.18, 313.45 and 334.61 g respectively
at elght weeks of age. BEight weeks body weilghts among
the three energy groups, 2300, 2500 and 2700 Xcal ME/Kg

were 295.46, 301.78 and 311.71 g respectively.

The analysis of dara on eighth week body weight
(Table 4) showed that both housing systems and protein

levels in the ration influenced this trait but not

Table 4 Analysis of variance of eighth week body weight
of birds fed varyving levels of protein and
\ eénergy under both systems of housing

Source Df ss MSS F
Block 2 1312.500 656.250 0.915
Housing 1 99211.502 99211.502 138.402%*
Protein 3 37817.497 12605.832 17.585%%*
Housing x Protein 3 2888.,000 962.667 1.343 mS
Energy 2 3218.500 1609.250 2.245 N8
Housing x Energy 2 336.500 168.250 0.235 NS
Protein x Energy 6 13391.500 2231.917 3.114%*
f{m‘giéggyx Protein g  £450.000  1075.000  1.500 N8
Error 46 32974.500 716 .837

* sSignificant at 5% level
*% Significant at 1% level

NS Non significant



G8

energy levels. Birds reared in cages showed significantly
heavier (P [_0.01) body weight than those on floor.
Significantly higher body weight (P { 0.01) was observed
with 20 per cent protein diet and significantly lower
with 14 per cent protein diet. However, statistically
the difference between 14 and 16 per cent protein was not
significant. Likewise, the difference between 18 and

20 per cent was also not significant. Energy levels in
the diet did not show any significant influence on body
weight at eight weeks. The interaction effect between
protein and energy levels in the diet was found to be
significant (P [_0.01). Significantly higher body weight
was observed with protein energy combinations of 18 : 2700,
20 : 2500 and 20 : 2700. However, the interaction effect
between housing and protein, housing and energy and

housing - protein and energy was nonsignificant.

Feed intake

Mean feed intake per bird during zero to eight
weeks of age as influenced by housing systems, dietary
protein and energy levels are presented in Table 3.
Irrespective of the housing systems and varying levels
of protein and energy in the diets, the range of mean
feed intake per bird during zero to eight weeks of age
varied from 1380.71 to 1501.67 g« Feed intake was more

or less similar for birds reared in both housing systems,
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1440.31 g per bird for cage reared birds and 1441.42 g
for litter reared birds. Birds fed with 18 per cent
protein consumed more feed (1501.67 g) and lowest feed
intake was reported with 20 per cent protein diet
(1380.71 g) during starter phase. It was medium with
14 and 1¢ per cent protein dilets. Feed intake for the
birds fed with energy levels of 2300, 2500 and 2700
Kecal ME/Kg were 1460.91, 1448.66 and 1413.02 g

respectively.

Analysis of feed intake data during starter
phase (Table 5) revealed that cumulative feed intake per
bird was influenced significantly (P | 0.01) by protein
levels only. Testing the means, it was observed that
birds consumed significantly (P 0.01) more quantity
of feed with 18 per cent protein (1501.67 g) than 14,

16 and 20 per cent, the difference among them being
statistically non-significant. Feed intake during

zero to eight weeks of age was not influenced by housing
gystems and energy levels In the diet. Interaction
effect of feed intake betrreen housing and protein,
housing and energy, protein and energy and housing -

protein and energy were also not significant.
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Table 5 Analyels of varlance of feed intake per
bird (g) fed varying levels of protein
and energy during 0-8 weeks of age under
both systems of housing

Source Df MSS ®
Block 2 15607.999 1.510
Housing 1 0.000 0.000 NS
Protein 3 51834.669 5.016%¥%
Housing x Protein 3 9312.001 0.901 NS
Energy 2 14848.001 1.437 us
Housing x Energy 2 2096.000 0.203 NS
Protein x Energy 6 1232.000 0.119 NS
Housing x Protein x
Energy 6 10914.667 1.05%6 N3
Exror 46 10334.261
Total 71

*
Sigrificant at 5% level
NS ©Non significant
Weight gain

The weight gain data (Table 3) reflected the same
trend as the body welght. Birds housed in cages showed
higher weight gain (307.73 g) than those reared on litter

(233.42 g). Body weight galn was superior with respect to
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20 per cent protein diet (302.26 g) and poorest with
14 per cent protein diet (242.61 g) and the values for

16 and 18 per cent protein diet were intermediary.

&s the level of protein in the diet increases,
welght gain also showed a numerical increase. Energy
levels in the diet also showed the same trend with
respect to weight gain. The value was higher (279.10 g)
with 2700 Kcal/ME/Kg diet and lower (262.90 g) with

2300 Kcal ML/Kg diet and medium with 2500 Kcal ME/Kg diet.

Analysis of varlance of weight gain data is
presented in Table 6. Significantly superior (P | 0.01)
body weight gain was observed with chicks reared in
cages than those on litter. With regard to protein levels
in the diet, birds on higher protein levels, that is 18
and 20 per cent had higher weight gain than 14 and 16
per cent protein levels. The difference betwean 18 and
20 per cent and that between 14 and 16 per cent were
statistically non-significant. It also revealed that
energy levels in the diet did not have any influence upon
welght gain during zero to eight weeks of age. Protein x
energy interaction on weight gain was also significant
(P | _0.05). Protein-encrgy combinations of 18 : 2700,

20 3 2500 and 20 : 2700 showed significantly (P /[ 0,05)

higher body weight gain than others. The interacction

effects between housing and protein, housing and erergy

and housing - protein and energy were not statistically

D TR B L e
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Table 6 Analysis of varlance of weight gain of birds
fed varying levels of protein and energy during
0~8 weeks c¢f age under both systems of housing

Source DF MSS F
Block 2 793.500 1.075
Housing 1 99384 .094 134.634%*
Protein 3 12534,499 16 .980%%
Housing x Protein 3 939.000 1.272 NS
Energy 2 1588,750 2.152 NS
Housing x Energy 2 160.250 0.217 NS
Protein x Energy 6 2251.,500 3.050%
Housing x Protein »

Energy 6 1164.083 1.577 XS
Error 46 738.185
Total 71

* Significant at 5% level
** significant at 1% level
NS Non-~significant

FPeed conversion efficiency

The mean feed conversion efficiency as influenced
by housing systems, dietary protein and energy levels
are presented in Table 3 and the analysis of variance in

Table 7. Birds reared in cages showed superior feed
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Table 7 Analysis of variance of feed conversion
efficiency of starter chicks (0-8 wegks)
fed varying levels of protein and energy
under both systems of housing

Source DF MSS F
Block 2 1.036 2.992
Housing i 46,288 133.633%%
Protein 3 7.128 20.579**
Housing x Protein 3 0.854 2.467 NS
Energy 2 1.393 4.022%
Housing x Energy 2 0.106 0.307 ms
Protein x Energy 6 1.256 3.626%%
Housing x Protein x
Energy 6 0.518 1.494 RS
Total 71

* Significant at 5% level
*% Significant ac 1% level
NS Non~significant

efficiency (4.73) than those maintained on floor {6.34).
The feed efflciency was best with 20 per cent protein diet
{4.72) and least with 14 per cent protein diet. The values
for 16 and 18 per cent protein diets were intermediate.

The mean feed coversion efficiency for tne groups f{ed with
2300, 2500 and 2700 Kcal ME diets were 5.73, 5.62 and

5.27 respectively.
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Feed efficiency was significantly (P / _ 0.01)
influenced by systems of housinge. It was significantly
(P/_ 0.01) better in cages than in deep litter. Feed
efficiency was also influenced significantly (P/. 0.01)
by levels of protein in the diet. A dietary protein
level of 20 per cent resulted in significantly (P/_ 0.01)
superior feed efficiency. The feed efficiency observed
with 16 and 18 per cent protein levels was medium and
that obtained with 14 per cent was poorest. Energy
levels in the diet also influenced feed efficiency
significantly(P/_ 0.05). The feed efficiency with a
dietary energy level of 2700 Kcal ME/Kg was statistically
superior than that of 2300 or 2500 Kecal ME/Kg. The feed
efficiency of 2300 and 2500 Kcal ME/Kg diet was stati-
stically similar. Protein x energy interaction on feed
efficiency was also significant (P /_0.01). Statistically
better feed effilciency was observed with protein - energy
combinations of 18 : 2700, 20 : 2500 and 20 : 2700 and
these three groups are equally effective. However, the
interaction effects between housing and protein, housing
and energy and housing « protein and energy were not

significant.

Cost_of feeding

Influence of housing systems, dietary protein and

energy levels on cost of feeding during starter phase is
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shown in Table 8 and statistical analysis of data in
Table 9. The cost of feeding during starter phase for
the birds reared under both housing systems viz., cage
and litter was Rs.5.64 per bird. The feeding cost for
the groups fed 14, 16, 18 and 20 per cent protein

levels were 5.56, 5.44, 5.93 and 5.63 rupees per bird

Table 8 Influence of housing systems, dietary
protein and energy levels on cost of
feeding per bird (Starter phase)

Feeding cost during

Character 0~-8 weeks of age
(Rs.)
Housing systems Cage 5.64
Litter 5.64
Protein (% CP) 14 5.56%
16 5.44°
18 5.93P
20 5.63%
Energy 2300 5.49
(Xcal ME/Kg) 2500 5.70
2700 5.73
cp Housing -
Protein 0.36 (P{_0.01)
Housing x protein -
Bnergy -
Housing % energy -
Protein x energy -
Housing x protein # energy -

Letters bearing the same superscript do not differ
significantly between each character
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Table 9 Analysis of variance of cost of feeding of
starter chicks (0-8 weeks) fed varying
levels of protein and energy under both
systems of housing

Source DF MSS F
Block 2 0.249 1,527
Housing 1 0.001 0.006 NS
Protein 3 0.762 4.67T%%
Housing x protein 3 0.141 0.863 NS
Energy 2 0.402 2.469 NS
Housing X energy 2 0,026 0.157 NS
Protein x energy 6 0.025 0.151 NS
Housing x protein x energy 6 0.156 0.%60 NS
Error 46 0.163

Total 71

%
Significant at 1% level

NS Non-significant

respectively. The corresponding values were 5.49, 5.70

and 5.73 rupees per bird for the three energy groups

2300, 2500 and 2700 Keal ME/Kg respectively. The analysed
data revealed that during the starter phase protein levels in
the diet significantly influenced feeding cost, whereas

housing systems and energy content in the diet did not have



7

any significant influence. Among protein levels signi-
ficantly lowest (P /_ 0.01) feeding cost was observed with
16 per cent protein diet (Rs. 5.44/bird). Feeding cost
values were statistically comparable with 14, 16 and 20

per cent protein diets.

Significantly higher (P/_ 0.01) feeding cost
was obtained with 18 per cent protein diet (Rs. 5.93/bird)
and was statistically similar with 20 per cent protein
diet. Analysis of the data also revealed that interaction

effects on feeding costs were non-significent.

CGrower Fhase (9+20 weeks)

The mean values of observations monitored at

28 day periods such as four weekly body weight, cumulative
feed intake per bird for each period, weight gain and
feed conversion efficiency during nine to 20 weeks of age
are shown in Appendix I to III. The mean values with
respect to 20th week body weight, cumulative feed intake
per bird, body welght gain and feed conversion efficiency
for the grower phase as influenced by housing systems,

dietary protein and energy levels are given in Table 10.

Twentieth week body weiaght

Irrespective of the housing systems, dietary protein

and energy levels employed in this trial, body weight at



Table 10 Bffect of housing systems, dietary protein and energy levels on
the performance of growers (9-20 weeks)

Twontieth week Feed intake Weight gain Feed conversion
Character body weight per bird efficiency
(@) (g) (g)
Housing systems Cage 1274.21b 5003.37° 930.89 5.392
Litter 1209.52% 5672.34° 940.88 6.07°
Protein (% CP) 14 1242.48%° 5241.07 940.12%P 5.59
16 1243.20%° 5465 .95 974.37° 5.61
18 1206.02% 5358.43 922.92%P 5.83
20 1275.76° 5285.98 906.13% 5.88
Energy 2300 1230.92 5605 .89 932,72 6.03°
(xcal ME/Xg) 2500 1243.21 5264.24 939.65 5.65%°
2700 1251.47 5143.44 935,28 5.502
cp
Housing 38.588 (PL.0.01) 422.083 (P/-0.01) - 0.447 (P/L.0.01)
Protein 40.224 (P/.0.05) - 36.900 (PZ£.0.01) -
Housing % protein - - - ——
Energy - - - 0.403 (PL.0.05)
Housing X energy 66.837 (P 0.01) —— 47.109 (PL.0.05) -~
Protein x energy - 1033.88 (P4 0.01) - 1.094 (P£-0.05)
Bopang  protein X - 1462.139 (P 0.01) 127.826 (P2 0.01) 1.548 (PZ 0.01)

Letters bearing the same superscript do not differ significantly between each character

R7
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20th week was optimal. However, birds reared in cages
put on more weight at 20 weeks of age (1274.21 g) than
£loor reared birds (1209.52 g). Twentieth weck weight
was higher with groups fed a 20 per cent protein diet
(1275.76 g) and lower with groups offered a diet having
18 per cent protein diet. Body weight of other two
groups were intermediary. A numerical increase in body
weight vas observed as the level of energy in the ration

increased.

Table 11 Analysis of varlance of 20th week body weight
of birds fed varying levels of protein and
energy under both systems of housing

Source DF MSs P
Block 1 1816.00C 0.801
Housing i 50232.000 22.150%%
Protein 3 9746 .667 4,298*
Mousing x protein 3 3661.334 1.614 KS
Energy 2 1716.000 0.757 NS
Housing x energy 2 13331.998 5.879%
Protein x energy 6 5414 667 2.388 KS
Housling x protein =

energy 6 4658.667 2.054 NS
Error 23

Total 47

* significant at 5% level
*% gignificant at 1% level
NS Non~significant
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The body weight of birds at 20th week of age
was significantly (P /. 0.01) superior in cages than in
deep litter (Table 11). Twenty week body weight was
also influenced significantly by levels of protein in
the diet. Significantly higher body weight (P/_ 0.05)
was observed with a protein level of 20 per cent
(1275.76 g) and was statistically in par with 14 and
16 per cent protein levels. Likewlse, there was no
significant difference between 14, 16 and 18 per cent
protein levels with respect to 20th week body weight.
Energy levels did not have any significant influence
upon 20th week body weight. It was significantly
(P/_0.01) influenced by housing X energy interaction.
However, the other interaction effects viz., housing x
protein} protein x emergy and housing x protein x energy
were non-significant. Analysis of housing x energy
interaction revealed that birds attained maximum body
weight with 2700 Kcal ML/Kg in cage house and was
statistically similar with 2500 Kcal ME/Kg in the same

house.

Feed intake

Mean cumulative feed intake per bird during nine
to 20 weeks of age is presented in Table 10 and the
statistical analysis theretoc in Table 12. Birds reared

under deep litter system consumed more feed (5672.34 g)
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Table 12 Analysis of variance of feed intake per bird
fed varying levels of protein and energy
during 9 to 20 weeks of the age under both
systems of housing

Source DF MsSs F
Block 1 2270720.005 8.369
Housing 1 5370368.003 19,793*%
Protein 3 115626 .668 0.426 NS
Housing x protein 3 278741.335 1.027 NS
Energy 2 920576 .000 3.393 NS
Housing X energy 2 236608.004 0.872 NS
Protein x energy 6 1252223.968 4.615%*
Housing x protein x *
energy € 1020778.656 3.762%
Error 23 271326.613

Total 47

** significant at 1% level

NS Non~significant

than those reared in cages (5003.37 g) during nine to 20
weeks of age. The cumulative feed intake per bird during
the grower phase for the groups fed with 14, 16, 18 and
20 per cent protein diets were 5241.07, 5465.75, 5358.43
and 5285.98 g respectively. The feed lntake values for

the energy groups, 2300, 2500 and 2700 Kcal ME/Kg were
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5605.89, 5264.24 and 5143.44 ¢ respectively. Feed intake
was significantly (P £ 0.01) lower for cage reared birds
(5003437 g)s Litter reared birds consumed significantly
(P £ 0.01) more feed during grower stage. Feed consunmpt-
ion was not statistically influenced either by dietary
protein or energy levels during grower phase. However,
there was significant (P .~ 0.01) protein x energy inter-
action effect on feed inteke. Significantly less feed
was cansumed with a protein : energy combination of

13 : 2700 and was statistically in par with 14 : 2500,

14 ¢ 2700, 16 s 2300, 16 : 2500, 20 s 2300, 20 s 2500

and 20 s 2700 combinations. Housing x protein x energy
interaction was also statistically significant (P 0.,01).
In cage system high feed intake values were observed with
protein-energy combinations of 14 s 2300, 14 i 2500,

16 s 2700, 18 : 2300 and 18 i 2500, while in deep litter
oxcept with a protein-energy combination of 14 3 2500

diet all other diets resulted in more feed intake.

Body weight gain

The mean body welght gain during nine to 20 wacks
of age influenced by housing systems, dletary protein and
energy ls presented in Table 10 and statistical anslysis
in Table 13. IMean body weight gain observed during the
grower phage for the birds reared in cages and £loor were
930.8% and 940.88 g respectively. Corresponding values
for the 14, 16, 18 and 20 per cent protein fed groups and
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Table 13 Analysis of variance of weight gain of birds
fed varying levels of protein and energy
during 9 to 20 weeks of age under both
systems of housing

Source DF MSS F
Block 1 872.000 0.420
Housing 1 1200.000 0579 NS
Protein 3 10210.667 4.924%**
Housing x protein 3 6016.000 2.901 Ns
Energy 2 198.000 0.095 NS
Housing x energy 2 10712.001 5.166 *
Protein x energy 6 1965.333 0.948 NS
Housing ¥ proteln x energy 6 10761.998 5.190%*
Error 23 2073.73¢

Total 47

* Significant at 5% level
** Significant at 1% level
NS Non-significant

2300, 2500 and 2700 Kecal ML/Kg fed groups were 940.12,
974.37, 922.92 and 906.13 anad 932.72, 939.65 and 935.28 g

respectively.

It could ke seen from the analysis of variance

table that body weight gain between nine and 20 weeks of
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age was not statistically influenced by systems of housing
and energy levels in the feed. But variation in di=tary

protein resulted a significant influence upon weight gain.

Significantly (P/_ 0.01) more weight gain was
obtained with a protein level of 16 per cent (974.37 g)
and this was not statistically different from 14 and 18
per cent proteiln levels. Body weight gain was signifi.
cantly (P/_0.01) less with 20 per cent protein (906.13 g)
and was statistically in par with 14 and 18 per cent
protein levels. Housing x protein and protein x energy
interactions were not statistically influenced wheresas
housing x energy interaction (P/_0.05) and housing x
protein x energy interaction (P/_0.01) were statistically
significant. In cage system more weight gain was obtained
with all protein energy combinations except 18 ¢ 2300,

18 : 2700, 20 : 2300 and 20 : 2700, while in deep litter
more weilght gain was noted with 14 s 2500, 16 s 2300,
16 : 2500, 16 s 2700, 18 s 2300 and 20 : 2700 combinations.

Feed conversion efficiency

Mean feed conversion efficiency during nine to 20
weeks of age is given in Table 10. Statistical analysis
of the data on feed conversion efficiency presented in
Table 14 revealed that the amount of feed consumed per
unit gain in body weight between nine and 20 weeks of age

was statistically influenced by housing systems and energy
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Table 14 Analysls of variance of feed efficiency of
birds fed varying levels of protein and
energy under both systems of housing during
9 to 20 weeks of age

Source DP MsS F
Block 1 2.113 6.951
Housing i 5.489 18.052%*
Protein 3 C.275 0.903 NS
Housing ¥ protein 3 0.490 1.610 NS
Energy 2 l.208 3,974 *
Housing x energy 2 0.993 3.267
Proteln x energy 6 1.634 5.373 *%*
Housing x protein x energy 6 1.046 6.399 *
Error 23 0.304

Total 47

* Significant at 5% level
*¥ significant at 1% level
NS Non~significant

levels but not by protein levels. Feed efficiency was

significantly superior (P /. 0.01) for birds reared in

. P e h - - ‘-
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with respect to energy levels, feed efficiency
was significantly better (P/ 0.05) for birds fed with
diets having an energy level of 2700 Kcal ME (5.50) and
was statistically comparable with 2500 Kcal ME (5.65).
Significantly poor (P/_ 0.05) feed efficiency was noted
with 2300 Keal ME (6.03). There was no significant
difference between 2300 and 2500 Keal ME. Protein x
energy interaction and housing % protein x energy
interactions on feed efficlency was statistically
significant (P/ _0.0l1). Among protein-energy combina-
tions highest feed conversion efficlency was observed
with 16 ¢ 2500 diet, while the lowest with 18 2300
diet. In cage system superior feed efficiency value
were obtained with protein energy combinations of
14 ¢ 2500, 14 : 2700, 16 : 2300, 16 : 2500, 18 s 2700,
20 ¢ 2500 and 20 s 2700, while in deep litter protein-
energy combinatiorns of 14 : 2500 and 16 : 2500 resulted

in superior feed efficiency.

Cost of feeding

Influence of housing systems, dietary protein
and energy levels on cost of feeding is presented in
Table 15 and statistical analysis of the data in

Table 16.

During grower stage lesser feeding cost was

observed with birds reared in cages (Rs.19.56 per birad)
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Table 15 Influence of housing systems, dietary protein
and energy levels on cost of feeding per bird
during grower phase (9-20 weeks)

Cost of feeding during

Character 9 to 20 weeks of age
(Rs.)
Housing systems Cage 19.56%
Litter 22.21°
Protein (% cp) 14 19.76
16 21.06
i8 21.12
20 21.60
Energy 2300 21.07
(Kcal ME/Kg)
2500 20.72
2700 20.86
cD
Housing 1.68 (P / 0.01)
Protein -

Housing x protein -—
Energy —
Housing x energy -
Protein x energy 4.12 (P /_0.01)

Housing X protein x energy 4.29 (P/_0.01)
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than those maintained on floor (Rs.22.21 per bird).
With respect to protein levels, the feeding costs were
19.76, 21.06, 21.12 and 21.60 rupees per bird for the
groups fed with 14, 16, 18 and 20 per cent protein
dilets. The corresponding figures for the energy groups
2300, 2500 and 2700 Kcal ME/Kg were 21.07, 20.72 and

20.86 rupees per bird, respectively. It could be seen

Table 16 Analysis of variance of cost of feeding of
growers (9-20 weeks) fed varying levels of
proteln and energy under both systems of
housing

Source DF MSS ¥

Block 1 32.535 7.557
Housing 1 84.641 19.660%*
Protein 3 T471 1.735
Housing x protein 3 3.367 0.782
Energy 2 0.504 0.117
Housing x energy 2 4.252 0.988
Protein x energy 6 20,659 4,799%*
Housing x protein 6 15.398 3.577 *
Error 23 4.305

Total 71

* Significant at 5% level
*% gignificant at 1% level
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from the analysis table that during grower phase housing
systems significantly influenced feeding cost. It was
significantly (P / 0.01) lower with cage reared birds.
Protein and energy levels 1n the diet did not signifi-
cantly influence feeding cost during grower phase.
Interaction effects on feeding costs between protein

and energy (P/. 0.01) and housing - protein - energy
were significant. Feeding cost was higher with protein-
energy combinations of 16 ¢ 2500, 18 ; 2500 and 20 : 2500
and lesser with 14 : 2500, 16 : 2500 and 18 : 2500.

In cage system maximum cost of feeding was
obtained with protein-energy combination of 16 : 2700
and in deep litter system with 20 : 2500 combination.
Cost of feeding was less with protein~energy combinations
of 14 3 2700, 16 : 2300, 16 s 2500, 18 : 2700 and 20 : 2700

in cage system and with 14 : 2700 in deep litter system.

Layer Phase {21-72 weeks)

Influence of dietary protein and energy on layers
housed in different systems on age at first egg and body
welght gain during the layer phase is depicted in
Table 17 and its statistical analysis in Table 18.
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Table 17 Influence of housing systems, dietary protein
and energy levels on age at first egg and
body weight gain during the period 21-72 weeks

Character ggg aééé;:‘; ngirnwe(;ght

Housing systems Cage 130.50% 146.87°

titter 135.25° 246.69°

Protein (% CP) 14 134.17 183.88

16 133.42 211,68
18 133.50 207.02
20 130.42 184.53
Energy 2300 134.63 183.41
(Keal ME/Kg)
2500 133.06 215.77
2700 130.94 191.16
CD
Housing 4.18% (P/_0.01) 57.123 (P/ 0.01)
Protein - -
Housing x protein - -
Energy - —
Housing x energy - —
Protein x enexrgy - -—
Housing x protein x

energy




Table 18 Aralysis of variance of age at lst egg of
birds fed varying levels of protein and
energy under both systems of housing

Source DF MSS F
Block 1 33.313 1.246
Housing 1 270.756 10,131 **
Protein 3 33.583 1.257
Housing x protein 3 9.021 0.338
Energy 2 54.812 2.051
Housing % energy 2 11.813 0.442
Protein x energy 6 9.479 0.355
Housing x protein x energy 6 12.427 0.465
rror 23 26.726
Total 47

** significant at 1% level

Age at first egg

The birds housed in cages laid their first egg
earlier (130.5 days) that the birds housed in deep litter
syatem (135.25 days). The mean age an days on which
first egg laid by the birds fed with protein levels
of 14, 16, 18 and 20 per cent were 134.17, 133.42, 133.50

and 130.42 days respectively. Age at first egg for the



birds fed with energy levels of 2300, 2500 and 2700
Kcal ME/Kg were 134.63, 133.06 and 130.94 days,

respectively.

The analysed data revealed that the parameter
was influenced only by housing systems. Birds housed
in cages laid significantly (P/ 0.01) earlier than
their counter part on the litter. Diletary protein,
energy or any of the interactions did not significantly

influence this character,

Body weight gain (21-72 weeks of age)

Mean body weight gain obtained during 21 to 72
weeks of age, presented in Table 17 showed that housing
of birds under deep litter system resulted in higher
gain in weight (246.69 g) than the birds housed in cages
(146.87 g). The gain in weight observed for the groups
fed with 14, 16, 18 and 20 per cent protein were 183.88,
211.68, 207.02 and 184.53 g respectively. With regard
to energy levels studied, birds fed with a diet having
2500 Kcal ME/Xg gained more weight (215.77 g) and those
fed with 2300 Kecal ME/Kg gained less weight (183.41 g).
The weight gain for the groups offered with 2700 Kcal

ME/Kg was medium.

Statistical analysis of the weight gain data

(Table 19) revealed that it was influenced significantly
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(P /_0.01) by housing systems only. Birds housed in
deep litter showed significantly highec body welght
gain (246.69 g) than caged birds (146.87 g). The
dietary protein or energy levels as well as their

interactions did not have any influence on weight gain.

Table 19 Analysis of variance of weight gain of layers
fed varying levels of protein and energy
under both systems of housing during 21 to 72
weeks of age

Source DF MSS F

\
Block 1 3123.375 0.628
Housing 1 119577.503 24.062%%
Protein 3 2574.625 0.518 NS
Housing x protein 3 4105.291 0.826 NS
Energy 2 4566 ,937 0.91% NS
Housing x energy 2 1529.875 0.308 wS
Protein x energy 6 7786.312 1.567 N8
Housing x protein x
energy 6 1357.937 0.273 NS
Erxor 23 4969.625
Total 47

** Significant at 1% level

NS Non-significant



Influence of housing systems, dietary protein
and enexrgy levels on production traits such as per cent
hen-day egg production, daily feed intake per bird, feed
conversion efficiency and egg weight recorded at 28 days
periods, from 21 to 72 weeks of age (layer phase) is
presented in Appendix ’° IV to XVI.

Mean values of the production traits as influenced
by housing systems, dietary protein and energy levels for
the whole laying period from 21 to 72 weeks of age is
given in Table 20.

Hen~day egg production

Egg production of the experimental birds during
the whole laying phase (21=72 weeks of age) calculated
as per cent hen-day egg production is presented in
Table 20. The highest egg production of 60.34 per cent
was observed among the birds reared in cages and the
lowest of 47.98 per cent among the birds maintained on
floor, If protein levels alone 1s considered, the
lowest egg production of 52.56 per cent was observed
among birds fed a diet containing 14 per cent protein
and the highest of 57.36 per cent for the diet contain-
ing 20 per cent protein. Likewise, when energy levels
alone 1s considered, the lowest rate of 53.12 per cent
production was observed in those birds fed 2300 Kcal
ME/Kg, while the highest value of 55.16 per cent was

observed in the groups fed 2500 Kcal ME/Kg diet.



Table 20

Effect of housing systems, dietary protein and energy levels on age at

first egg and production traits of layers during 21 to 72 weeks of age

Hen day egg Daily feed intake Feed per Egg welght
Characters production per bixd dosen eggs
%) (g) (xg) (g)
Housing systems Cage 60.34° 110.91 2.21% 48.582
Floor 47.98% 108.64 2.75° 25.38°
Protein (% CP) 14 52.56 113.32 2.64° 28.07°
16 53.41 109.41 2,507 49.28°
18 53.31 114.71 2.63% 49.43°
20 57.36 101.65 2.152 49.12P
Cnergy 2300 53,12 114.26 2.61° 48.60
(keal +E/Kg) 2500 55.16 107.95 2.41% 49.20
2700 54.20 107.10 2.41% 49.13
CD
Housing 4.02 (PL 0.01) - 0.19 (PL 0.01) 0.67 (PZL 0.05)
Protein — - 0.27 (P ./ 0.01) 0.95 (P/ 0.05)
Housing x protein - - —— -
Energy - - 0.17 (P 2. 0.05) -
Housing x energy —~— - —~— -
Protein x energy —— - - —
Housing x protein x - — — —
energy
Letters bearing the same superscript do not differ significantly between each character

[~
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Analysis of the hen-day egg production given in

Table 21 revealed that except with housing systems dletary
variables such as protein or energy levels or any of the
interactions did not significantly influence this trait.

Of the housing systems studied birds reared in cages

produced significantly (P/. 0.0i) more number of eggs

Table 21 Analysis of varlance of hen-day egg production

of kirds fed varying levels of protein and
energy under both systems of housing during

21-72 weeks of age

Source DF MSS F
Block 1 23.484 0.954
Housing 1 1831.875 74,444 **
Protein 3 56.214 2.234 NS
Housing x protein 3 41.292 1.678 NS
Energy 2 16.734 0.630 NS
Housing x energy 2 58.8%8 2.394 NS
Protein x energy 6 32.609 1.325 Ns
Housing x protein x

energy 6 30.302 1.231 88
Error 23 24.607

Total 47

**  Significant at 1% level

NS Nonesignificant
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(60.34%) than those in deep litter system. Neither
protein nor energy levels in the diet significantly
influenced hen-day egg production thereby indicating
that a protein-energy combination of 14 : 2300 is

sufficient for optimum egg production.

Feed intake

Data on mean dally feed intake of birds fed
varying levels of protein and energy and maintained
in different housing systems are shown in Table 20.
The range of mean daily feed intake varied from 101.65 g
to 114.71 g. Arong the housing systems, highest daily
feed intake of 110.90 g was recorded with birds housed
in cages and a lowest value of 108.64 g with floor
reared birds. Daily feed intake was maximum with groups
fed on 18 per cent protein diet (114.71 g) and minimum
with 20 per cent protein fed group (101.65 g). Among the
energy levels tested, birds fed with diets having
2300 Keal ME/Kg consumed more feed (114.26 g) and those
fed with 2700 Kcal ME/Kg recorded the least (107.10 g).

When the data were subjected to statistical
analysis the magnitude of differences in daily feed intake
per bird among the different treatment groups was not
found to be different (Table 22). Similarly, any of the
interactions studied did not significantly influence
daily feed intake.
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Table 22 Analysis of variance of daily feed intake
per bird fed varying levels of protein
and energy under both systems of housing
during 21-72 weeks of age

Source DF MsS F
Block 1 ~0.063 ~0,000
Housing 1 61.875 0.368 NS
Protein 3 412,229 2.449 N3
Housing x protein 3 76.500 0.455 NS
Housing x energy 2 22.094 0.131 NS
Protein x energy 6 170.240 1.012 NS
Housing x protein x 4

energy 6 262.145 1.558 N&
Error 23 168.299

Total 47

NS Non-significant

Feed per dozen eggs

Feed conversion efficiency as affected by varilation
in housing systems as well as dietary protein ard energy
levels is shown in Table 23. A superior feed efficiency
of 2.21 was noted with birds reared in cage system. Feed

required to produce one dozen of eggs for the birds reared



Table 23 Analysis of variance of feed per dozen eggs
of layers fed varying levels of protein and
energy under both systems of housing during
21 to 72 weeks of age

Source DF MSS F

Block 1 0.023 0.411

Housing 1 3.435 62.533%*

Protein 3 0.620 11.296%*

Housing x protein 3 0.065 1.192 N8

Energy 2 0.214 3.901 *

Housing x energy 2 0.042 0.762 NS

Protein x cenergy 6 0.097 1.763 Ks

Housing x protein x energy 6 0.108 1,969 NS

Error 23 0.055

Total 47

* Signiflcant at 5% level
** Significant at 1% level
NS Nonegignificant

under deep litter system was 2.75. Unlike feed intake,

feed per dozen egys was significantly influcnced by

housing

systems, dietary protein and erergy levels, Cage

reared birds showed significantly (P [ _0.01) superior

feed efficiency than birds maintained on floor.



Regarding protein levels studied, the lowest
ratio of 2.15 was obtained with 20 per cent protein
diet while the highest ratio of 2.64 was obtained with
14 per cent protein diet. Statistical analysis of the
data presented in Table 23 revealed that birds fed with
20 per cent protein had significantly (P/_0.01) better
feed efficiency than other levels. There was no signiw
ficant difference in feed efficiency between 14, 16 and
18 per cent protein levels. Among the three energy
levels tested, the groups offered with 2500 and 2700
Kcal ME/Kg had significantly (P/_0.05) better feed
efficiency than other. Feed efficiency was signifi-
cantly (P /_ 0.05) inferior with 2300 Kcal ME dlet (2.61).
Interaction effects of housing ~ protein, housing =
energy, protein -~ energy and housing « protein = energy

were found to be nonw-significant.

Egg _weight

Mean egg welght data pooled for the whole laying
period as affected by dietary protein, energy and housing
systems are presented in Table 20. Birds reared under
deep litter system laid heavier egg (49.38 g) than those
reared in cage system. Eggs laid by birds fed with 14
per cent protein diet was lighter (48.07 g) compared to
other levels. Mean egg weight values for £56 birds fed

with diets containing protein levels of 14, 16, 18 and
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20 per cent were 48.07, 49.29, 49.43 and 49.12 g
respectively. Corresponding egg weight values for the
three energy groups viz., 2300, 2500 and 2700 Kcal/Kg
diets were 48.60, 49.20 and 49.13 g, respectively.
Statistical analysis of the egg weight values (Table 24)

showed that it was influenced significantly by housing

Table 24 Analysis of variance of egg welght of layers
fed varying protein and energy levels under
both systems of housing during 21-72 weeks

of age
Source DF MSS F
Block 1 0.547 0.43%
Housing 1 7.703 6.121 *
Protein 3 4.536 3.605 *
Housing x protein 3 3.307 2.628 NS
Energy 2 1.684 1.338 NS
Housing X energy 2 1.406 1.117 NS
Protein x energy 6 0.759 0.603 N3
Housing x protein x
energy 6 2.892 2.298 NS
Total 47

* Significant at 5% level

NS Non=-significant




102

systems and dietary protein levels but not by dietary
energy levels. Among the housing systems, litter reared
birds produced significantly (P /_ 0.01) heavier eggs than
caged birds., Regarding protein levels, except with

14 per cent diet, all other protein levels produced sig-
nificantly (P/. 0.05) layger sized eggs. Mean egg
weight values were not significantly influenced by any

of the interaction studiede.

Cost of feeding

Mean value of the fesding cost calculated for
the whole laying phase (20-72 weeks) is shown in
Table 25 and its statistical analysis in Table 26. The
range of mean values for cost of feeding varied from

Rs. 149.42 to Rs. 163.38 during 21 to 72 weeks of age.

Feeding cost of birds reared under floor during
the layer phase was comparatively less (Rs.153.21) than
those in cages (Rs.156.39). Among different protein
levels tested, cost of feeding was more (Rs.163.38) with
birds fed dilets containing 18 per cent protein and was
less with 20 per cent protein groups (Rs.149.42). It
was medium with 14 and 16 per cent protein fed birds
(RS.154.06 and 152.32 respectively), If the energy
level alone 1is considered, cost of feeding was more with

group fed diet containing 2700 Kecal ME (Rs.156.95) and
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Table 25 Influence of housing systems, dietry protein
and energy levels on cost of feeding during
layer phase (20-72 weeks of age)

Character gg:;igg
(Rs.)
Housing systems  Cage 156.39
Litter 153.21
Protein (% CP) 14 154.06
16 152.32
ig 163.38
20 149.42
Energy 2300 155.02
(Keal ME/Xg)
2500 162.42
2700 156.95
Cp
Housing —
Protein -
Housing x protein -
Energy o
Housing X energy -
Protein x energy -

Housing x protein x encrgy -—
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Table 26 analysis of variance of cost of feeding of
birds fed varying levels of protein and
energy under both systems of housing during
21-72 weeks period

Source DF MSS F
Block 1 1.250 0.004
Housing 1 121.625 0.360
Protein 3 437.000 1.292
Housing x preotein 3 147.625 0.436
Energy 2 82.688 0.244
Housing x energy 2 35.188 0.166
Protein % energy 6 346.271 1.024
Housing x protein x energy () 513.792 1,519
Error 23 338.315

Total 47

less with 2500 Keal ME/Kg group (Rs.152.42), and it was
medium with 2300 Keal ME group (Rs.155.02). The stati~
stical analysis of the data on cost of feeding revealed
that 1t was not significantly influenced by either
housing systems, dietary protein or energy levels or its

interactions investigated.
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Bgg quality parameters

Mean wvalues of the egg guality parameters for
the whole period (21-72 weeks) studied are shown in
Table 27.

Shell thickness

The data on shell thickness of the eggs produced
by the birds housed in different systems and fed different
dietary reglmes are presented in Table 27 and the analysis
of variance in Table 28. Mean shell thickness was similar
{0.34 mm) for the birds housed in both housing systems.
When the shell thicknesz data were analysed in relation
to the protein content of the diet, it was founa that the
aggs laid by hens fed dietary protein levels of 18 and 20¢
per cent had comparatively more shell thickness value
(0.35 mm), than those fed 14 and 16 per cent protein
diets (0.24 wmm). When the energy levels were cbserved
the eggs cbtained £rom all the three energy groups tested
had similar shell thickness values (0.34 mm). Statistical
analysis revealed that the differences in shell thickness
ocbserved among various treatments studicd in this trial
were not significant. Bxcept with protein x energy
interaction, where it was sigailficant at 5 per cent

level, all other interactions on shell thickness were
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Table 27 Influence of housing systems, dietary protein and energy levels on
egg quality parameters during 21-72 weeks of age
Character Aigggin Yolk index Haugh unit thfgiiéss

{mm)
Housing systems Cage 0.09 0.42% 81.04 0.34
Litter 0.09 0.44° 81.54 0.34
protein (% CP) 14 0.09 0.43 80.67% 0.34
16 0.09 0.44 83.00° 0.34
18 0.09 0.43 82.17° 0.35
20 0.09 0.43 79.33% 0.35
Energy 2300 0.09 0.43 82.00 0.34
(keal ME/Kg) 2500 0.09 0.43 80.69 0.34
2700 0.09 0.43 81.19 (.34
€D Housing - 0.011 (PZ 0.05) - -
Protein - - 1.906 (P~ 0.05) -
Housing x protein - - - -
Energy - - - -
Housing x energy - - - -

Protein x energy - - - 0.015 (PZ 0.05)
Housing x protein x energy - - - -

Letters bearing the same superscript do not differ significantly
between each character

901
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Table 28 Analysis of variance of shell thickness of
eggs fron birds fed varying levels of
protein and energy under both systems of
housing during 21-72 weeks of age

Source DF MsSS F
Block 1 0.000 0.070
Housing i 0.000 2.758
Protein 3 0.000 1.971
Housing x protein 3 1,000 1,386
Energy 2 0.0C0 0.532
Housing x energy 2 0.000 0.697
Protein x energy 6 0.000 3.051 *
Housing x protein x energy 6 0.000 1.305
Error 23

Total 47

*  Significant at 5% level

statistically non~significant. BEggs with highesti
shell thickness was obtained with a diet having protaine
energy combination of 20 2 2500 and lowest with protein-

energy combinations of 14 3 2500 and 14 31 2700.
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Alpumen index

The albumen index of the eggs received £rom
layers housed in cage and floor and fed varying levels
of protein and energy is presented in Table 27 and
the statistical 2nalysis in Table 29. Albumen index
score of all treatments tested in this study was

same (0.09).

Table 29 Analysis of variance of albumen index of
eggs from birds fed varying levels ©f protein
and energy under both systems of housing
during 21 to 72 weeks of age

Source DF MSS F
Block 1 0.000 0.002
Housing 1 0.000 3.187
Protein 3 0.000 1.598
Housing x protein 3 0.000 2,052
BEnergy 2 0.000 0.350
Housing x energy 2 0.000 3.264
Protein x energy 6 0.000 1.321
Housing x protein x energy 6 0.000 0.862
Exrror 23 0.000

Total 47




Yolk index
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Mean yolk index values of eggs collected from

layers housed in different systems and fed varying

levels of energy and proteiln are presented in Table 27

and its statistical analysis in Table 30.

The yolk

index values obtained with birds housed in litter was

higher (0.44) than those obtained with cage reared

Table 30 Analysis of variance yolk index of eggs
from birds fed varying levels of protein
and energy under both systems of housing

during 21 to 72 weeks of age

Source DF MSS F
Block 1 0.000 0.680
Housing 1 0.002 5.793
Protein 3 0.000 0.814
Housing x protein 3 0.001 2.534
Energy 2 0.000 0.373
Housing x energy 2 0.000 0.416
Protein x energy 6 0.000 1.444
Housing x protein x energy 6 0.000 1.204
Error 23 0.000

Total 47

* Significant at 5% level
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birds (0.42). The yolk index values did not show any
specific trend with different levels of protein studied.
The values for the dietary protein levels viz., 14, 1§,
18 and 20 per cent were 0.43, 0.44, 0.43 and 0.43,
respectively. Among the various energy levels tested
yolk index value was same (0.43) for the three groups.
Statistical analysis revealed that the yolk index was
influenced only by housing systemsg and not by protein
or energy levels in the diet or any of the interactions.
It was significantly higher (P / 0.05) with eggs

obtained from birds reared on floor.

Haugh Unit

The data on the Haugh unit score of the eggs
received from layers housed in cage and deep litter and
fed varying levels of protein and energy are set out
in Table 27 and the related statistical analysis in
Table 31. The Haugh unit score of eggs obtained from
layers housed in cage and £loor were 81.04 and 8l1.54
respectively. When the influence of protein on Haugh
unit score was analysed, 1t was observed that eggs
obtained from birds fed a diet containing 16 per cent
protein had a score of 83.00 which was the highest and
that obtained from hens fed 20 per cent protein was

79.33 which was the loweste. The Haugh unit score for
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Table 31 Analysis of variance of Haugh unit of eggs
from birds fed varying levels of protein
and energy under both systems of housing
during 21 to 72 weeks of age

Source DF MSS F
Block 1 0.750 0.074
Housing 1 3.000 0.295
Protein 3 31.635 3.106 *
Housing x protein 3 22.552 2.214
Energy 2 7.016 0.689
Housing X energy 2 27.562 2.706
Protein x energy 6 4,245 0.415
Housing x protein x

energy 6 9.120 0.895
Error 23 10.185 0.895
Total 47

* Significant at 5% level

eggs obtained from hens fed an energy level of
2300 Kcal ME/Kg had the highest score (82.00) while
that for 2500 Kecal MC/Kg was 80.69 which was lowest.

Statlstical analysis of the data on Haugh unit

score revealed that it was influenced significantly only



12

by the lovels of protein in the diet while housing
systems or energy levels of diet did not have any
influence. Among the proteiln levels, birds fed with

a dlet of 16 per cent protein had significantly higher
(P/ 0.05) score and was statistically comparable with
values cbtained with 18 per cent protein diet.
Statistically, lower Haugh unit score was observed with
a protein level of 20 per cent. The difference in
values obtained between 14 and 20 per cent protein was
non-aignificant. Interaccions of housing x protein,
housing x energy, protein x energy and housing x protein

X energy on Haugh Unit score were also non~significant.

Abdominal fat

Mean values of the abdominal fat as influenced by
housing systems, dietary protein and energy levels are
given in Table 32. Range of mean values for abdominal
fat varied from 14.75 to 35.75 g. Litter reared birds
had less abdominal fat (18.38 g) than caged birds
(30.04 g). vWhen the protein level alone is considered,
less abdominal fat (14.75 g) was observed with a diet
containing 16 per cent protein, while it was highest with
20 per cent protein diet (35.75 g). Among the energy
levels, lowest value of 20.44 g was obsexrved with a diet

containing 2300 Xcal ME/Kg and the highest value of 28.00 g
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Table 32 Effect of housing systems, dietary protein
and energy levels on abdominal fat (g) and
liver 1ipid (%) of layers

2bdominal Liver

Character fat lipia
(g) (%)

Housing systems Cage 30.04 39.98b

Litter 18.83 37.67°

Protein 14 25.83 37.55°

16 14,75 41.89°

18 21.42 32.812

20 35.75 43.05%

Energy 2300 20.44 34.26%

(Real ME/Kg) b

2500 24.87 37.88

2700 28.00 44.35°

cp

Housing - 0.647 (P 0.,01)
Protein - 0.916 (p/. 0.01)
Housing x protein —— 1.295 (P4 0.01)
Energy -— 0.793 (P/ 0.01)
Housing x energy -— 1.121 (P4 0.01)
Protein x energy - 1.586 (PL 0.01)

Housing x protein x energy - 2.243 (P4 0.01)
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was noted with diet containing 2700 Kecal ME/Kg.

Statistical analysis of the data on abdominal fat
(Table 33) revealed that it was not significantly
influvenced by housing systems, dietary protein and

enargy levels or its interactions studied.

Table 33 Analysis of variance of abdominal fat (g)
of layers fed varying levels of protein
and energy under both systems of housing

Source DF MSS F
Block 1 50,021 0.118
Housing 1 1507.522 3.565 NS
Protein 3 931.576 2.203 NS
Housing x protein 3 171.688 0.406 NS
Energy 2 231.063 0.546 uS
Housing x energy 2 1035.395 2.546 XS
Protein x energy 6 162.451 0.384 NS
Housing x protein x

energy 6 412.562 0.976 NS
Error 23 422.847

Total 47

NS Non-significant
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ldver lipid

The liver lipid values of random birds housed
in cages and deep litter and fed different levels of
protein and energy are shown in Table 32 and its
analysis of variance in Table 34. Total liver lipid
value was higher among the birds housed in cages

{39.98%) than those reared on floor (37.67%).

Table 34  Analysis of varlance of liver lipid (%)
of layers fed varying levels of protein
and energy under both systems of housing

Source DP MSS ¥
Bleock 1 0.211 0.330
Housing 1 63.914 100.,140%*
Protein 3 260,130 407.570%%
Housing x protein 3 90.391 141.623*%
Energy 2 418.102 655.078%%
Housing x energy 2 39.402 61.735%%
Protein X energy 6 43.936 68.839%*%
Housing x protein x

energy 6 17.048 26,711 %%
Brror 23 0.638

Total 47

** gSignificant at 1% level
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Analysis of variance of liver lipid revealed
that it was influenced by the systems of housing.
Caged birds had significantly (P £ 0.01) higher liver

lipid per cent than litter reared birds.

The mean liver 1lipid per cent pooled based on
protein level alone were 37.55, 41.89, 32.81 and
43.05 per cent for diets contalning 14, 16, 18 and
20 per cent protein respsctively. The magnitude of
difference in the liver lipid values among various
protein levels was statistically significant.
Significantly (P /. 0.01) higher values obtained with
diet having 20 per cent protein level (43.05%) and
lowest with 18 per cent protein level (32.81%) and
all the four levels are significantly different from
ecach other. There was no specific trend in liver fat

per cent with levels of pgotein in the diet.

On perusal of the liver lipid values it was
observed that as the energy levels increased the liver
lipid content also showed an increasing trend. The
highest liver lipid value of 44.35 per cent was observed
with diet containing 2700 Kcal ME/Kg and the lowest
value of 34.26 per cent was observed with 2300 Kcal
ME/Kg diet. The differences in liver lipid per cent

when subjectved to statistical analysis it was revealed
that significant differences existed between each level

of energy in a direct order.
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The statistical analysis further revealed the
exlstence of a significant difference in interaction
between housing and protein, housing and energy,
protein and energy and also housing « protein and
energy. Interaction effects between protein and
energy level indicated that the protein energy combi-
nations of 14 : 2700 and 20 s 2700 resulted in highest
liver 11ipid per cent while the combination of 18 : 2300
resulted in lowest liver lipid per cent. Housing =
enerqgy interaction indicated that litter reared birds
fed a diet containing energy level of 2700 Kcal MF/Kg
resulted highest liver 1ipld per cert. In cage system,
highest liver 1:1pid value was obtained with protein-
energy combination of 20 : 2700 (44.19%) and lowest
with 18 : 2300 (21.01%). In deep litter system, highest
value obtained with 20 : 2700 (50.30%) combination and
lowest with 14 3 2300 combination (25.41%).

Mortality

Mortality observed smong different treatmaent
groups “n both housing systems during three phases viz.,
starter, grower and layer ame shown in Table 35, 36 and
37 respectively. During starter phase overall per cent
mortality was 15.55 in cage house and 28.05 in deep
litter house. The cauges accounted for mortality during

the starter phase were cocecidiosis, omphalitis,
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air sacculitls, ententis and hepatitis, of which
coccidiosis was the major cause of death among chicks

in deep litter system, while amphalitis and ailrsaceculitis
constituted the major causes of death on wire floor.
During grower phase, the corresponding figures were 3.2
and 7.3 per cent respectively. During layer phase the
per cent mortality was 23.05 in cage house and 16.15 in
deep litter house. Both figures were slightly above

the stapdard limit.

At 40 weeks of age birds reared in cages wers
infested with Pasteurellosis. Though, mortality due to
infection was accounted only six to eight per cent, the
morpadity was very high (75.80%). The postmortem data
revealed that the causes of mortality was not eicher

due to dietary regimen or due to housing systems.
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Table 35 Mortality particulars of birds subjected
to various. dietary combinations during
0~8 weeks of age

Protein : energy Cage Litter
14 : 2300 4 10
14 : 2500 9 1s
14 ¢ 2700 6 11
16 1 2300 2 6
16 ¢ 2500 5 10
l6 s 2700 1 2
18 ¢+ 2300 9 14
18 1 2500 7 16
18 z 2700 5 3
20 3 2300 5 9
20 ¢ 2500 1 3
20 ¢ 2700 2 1

Total number 56 101

Mortality % 15,55 28,05
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Table 36 Mortality particulars of birds subjected
to various diatery combinations during
grower phase (9-20 weeks of age)

Protein : energy Cage Litter
14 : 2300 2 1
14 ¢ 2500 - 3
14 ¢ 2700 1 1
16 s 2300 - -
16 ¢ 2500 - 3
16 : 2700 1 2
18 ¢ 2300 2 1
18 3 2500 - -
18 s 2700 1 -
20 3 2300 1 1
20 3 2500 1 -
20 : 2700 1 2

Total number 10 14

Mortality % 3.2 7.3
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Table 37 Mortality particulars of birds subjected
various dietary combinations during layer
phase (21-72 weeks of age)

Protein : energy Litter Cage

14 1 2300
14 1 2500
14 ¢ 2700
16 s 2300

Lo S 52 B RN )

16 s 2500
le 1 2700 i0
ig : 2300
1z : 2500
18 s 2700
20 ¢ 2300

20 ¢ 2500

[l S T - T ¢ (N % R - S S A

o g W O

20 @ 2700

Total number 31 59
Mortality % 16.15 23.05
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DISCUSSION

Starter Phase (0=-8 weeks)

Eighth week body weight and body weight gain

The body weight at eighth week of age for the
experimental birds averaged 340.10 and 265.86 g tor
cage and floor reared chicks, respectively, which is
well within normal limits for egg type strain cross
pullet cnicks. Similarly, eighth week body weight
ranged from 274.69 to 334.61 g for the four dietary
protein levels and from 295.46 to 311,71 g for the
three cenergy groups which can be considered as
standard weightse. Statistical analysis of the data
revealed that housing systems and protein levels in
tne diet anfluenced this trait but energy levels had
no effect. Welght gain of chicks is a direct indicat-
lon of its growth rate. In as much as uniform sized
chicks were used for the experiment, the trend in
weight gain was very similar with that of eighth week
body welght. It was significantly better among cage
reared birds. With respect to dietary protein levels,
sagnificantly superior gain was noted with increased
levels of dietary protein. Minimum gain in weight of
242.61 g was observed with 14 per cent protein as

against 302.26 g for 20 per cent protein which was
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maximum. Screening the weight gain data as influenced
by energy levels, presented in Table 3, indicated that
it showed an increasing trend with increased levels of
energy. However the differences observed among the

values were statlstically non-significant.

Jin and Craig (1983) reported superioxr body
weight for chicks reared in cages than on the £locr.
Significantly lesser body weight at elghth week aad
consequent reduction in weight gain cbserved with floor
rearing of chicks during the starter phase could zlso
be due to infection of the stock with cocecildiosis.

Reddy et al. (1977) conducted experiments to escimate
the protein and enorgy requirements of starter chicks
and opined that the chicks recelving 20 per cenc protein
diets with energy levels of elither 2250, 2340 or 2430
Kecal ME/Kg performed significantly better ac the end of
eight weeks than 18 per cent protein diecs having similar
energy levels. In another trial, they could observe
significantly becter weight gain at eight weeks of age
(P /) 0.05) wath 20 per cent protein diet having energy
levels of 2340 and 2250 Xcal MC/Rg. However they could
observe no significant difference in weight gain awong
the different groups of chicks fed elther 2320 or 2430
Kcal ME/Kge. In the presant study, the dietary protein
levels significantly affected body welght gain and with

the increase in level of dietary protein, &n improvement
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was observed in growth rate. Nagabhushanam et al.
(1979) recommended higher protein levels (24%) during
summer and lower protein levels (22%) during winter.
Haque and Agarwala (1975) obtained the best weight
gain at 23 per cent protein level with a calorie-
protein ratio of 128 : 1. The results in the present
study are in close agreement with these observations.
Absence of any significant influence on body weight

by the various energy levels tested in this trial is
in agreement with the findings of Nagabhushanam et al.
(1979). Weight gain was statistically similar for the
groups fed 18 and 20 per cent protein levels. This
might be due to availability of more or less constant
essential amino acids in these rations, since fishmeal,
the sole source of animal protein, was kept constant in
all rations. Under the conditions of this experiment
protein-energy combinations of 18 : 2700, 20 : 2500 and
20 : 2700 showed better performance in terms of weight

gain.

Feed intake

Feed intake per bird during zero-eight weeks of
age was found to be significantly influenced by protein
levels in the diet alone. Housing systems and dietary
energy levels did not have any effect upon feed intake.

among proteln levels, significantly higher feed intake
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was observed with 18 per cent protein level and
significantly lower intake with 20 per cent protein

level.

Satyanarayana Reddy et al. (1989) evsluating
the effect of varying protein levels during starter
and grower stages in subsegquent production performance
of layers using five protein diets viz., 22, 13.8,
17.6, 15.4 and 13.2 per cent and reported that feed
intake values on protein content of 22.0, 17.6, 15.4
and 13.2 per cent during starter phase were not signi-
ficantly different from each other. Significantly
lower feed consumption observed in the present study
with 20 per cent protein fed groups may be due to
better utilisation of nutrients. The energy levels in
the diet d4id not contribute to any variation as feed
intake, which may possibly because the variation in the
energy levels employed were too narrow to exhibit any

difference.

FPeed conversion efficiency

Housing systems aand protein and energy concen=-
trations of the diet influenced feed conversion effi-
ciency during the starter phase. The inferior feed
conversion efficlency reported with flcor system of
housing could be attributed to significantly inferior

growth rate as expressed by low weight gaine.
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Feed convcrsion efficiency showed significant
improvement with increased levels of dietary protein.
Significantly superior feed conversion efificiency wae
recorded with 20 per cent protein and significantly
poor efficiency was observed with 14 per cert protein.
Groups fed diets containing 16 and 18 per c¢ent protein
were intarmediate and was significantly different from
the other two levels. The superior feed conversion
efficiency cobservad with increasing levels of protein
in this trial is in agreement with the findings of
Reddy gt al. (1977) and Satyanarayana Reddy et al.
(1989). The better feed conversion efficiency on higher
protein levels was more dwve to improved growth rate at
these levels than due to actual feed consumptionrn. The
diets containiag higher energy (2700 Xcal ME/Kg) level
supported better feed efficiency over lower energy
(2300 and 2500 Kecal ME/Kg) levels of the diet. 'These
results are in agreement with the reports of Rajashekava
Reddy et al. (1277) and Nagabhushanam et al. (1989).

The better feed conversion efficiency with higher energy
level might be due to better utilization of nutrients

in those feeds and increased body weight gain. Presence
of significant protein x energy interaction on feed
conversion efficlency was suggestive of protein energy
combinations of 18 ¢ 2700, 20 : 2500 and 20 : 2700 during

starter phasee.
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Cost of feeding

Data on feeding cost during starter phase
revealed that it was influenced significantly by protein
levels in the diet, whereas housing systems, and energy
content of the diet did not have significant influence.
The feeding cost was signifieciantly highect with birde
fed diets containing 18 per cent protein and signifi-
cantly lowest with diets containing 14 per ceat protein.
However, the differences observed betveen the feeding
cost values of diets contairning 14, 16 and 20 per cent
protein were statistically comparable. Similarly the
difference between 18 and 20 per cent pretein levels
was also not statistically different. The prefits over
feeding cost appears to favour lower levels of prot=in
in the starter diets but this may be vieved with caution
as weight gain was less. Since energy levals were not
statistically different on feeding cost, other factors
should b= taken into account while deciding on the
optimum energy level for the starter phase. Therefore,
considering various aspects, viz., growth rate, fecd
intake, feed conversion efficiency and cost of feeding,
it appears tnat a dietary protein level of 20 per cent
with an energy level or 2300 Kcal ME/kg diet appears to
be optimum aquring starter phase (0-8 weeks) for commercial
egg type pullets reared in cages as well as on litter

floor system.
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Grower Phase (9-20 weeks)

Twentieth week body weight and body weight gain

The mean body weight at twentieth wesk for
cage reared biras was 1274.21 g, while for the f{loor
reared birds the velue vas 1208.52 g. Tor dietary
protein and energy levels the valves raengsed from
1206.02 to 1275.76 g wilh slight varaation betueer
cdifferent groups. The staetisticval apslysis oi the
dats revealed cignificent differences among hovsing
systems and dretary protein levels, but not among
energy levels. But in case of weight gair cata this
trend was not observed asm in the case of startor phese.
During grower phase, weight gain was found to bo
significantly inrzluenced by pgoieir levels only.
Housing systems and dietary epneryy leveis had no effect.
Eventhough, body welght at 20th week was sigpificantiy
higher (P / 0.01) for cage reared birds body weight g¢ain
waa not significantly affeccted by systems of housing.
Maximum weight gain during grower phase was observed
with le per cent protein diet which was statistically
similar with 14 anc 18 per cent protein diets, but with
respect to body weight 20 per cent protein diet resulted
in maximum body weight which was not statistically

different from 14 and 16 per cent protein diets.
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Higher body weight obtained for caged birds
at 20th week agrees with the finding of Jin and Craig
(1988). Satyanarayana Reddy et al. (1989) reported
that weight gailn was not significantly influenced by
dietary protein content of 16 or 18 per cent from
9 to 21 weeks of age. This finding is in agreement
with the present trial in which statistically similar
body weight gain during grower phase was recorded with
14, 16 and 18 per cent protein diets. The absence of
any significant effect due to different energy levels
also confirms the findings of the same authors. Thakur
and Saxena (1985) suggested a 16 per cent dietary
protein for grower replacement pullets from nine to
18 weeks of age in summer months. In the present study
also the results obtained for body weight and weight
gain favour a 16 per cent dietary protein, but it is
better to suggest a 14 per cent dietary protein since
the values were not statistically different at these
two levels. The interaction effect existed between
housing and energy in terms of body wsight and weight
gain favours an energy level of either 2500 or 2700

Kcal ME/Kg in cage system during this phase.

Feed intake

Feed intake per bird during nine to 20 weeks

of age was found to be significantly influenced by



housing systems alone, whereas protein and energy
levels in the diet did not have any influence. Among
housing systems, significantly higher feed intake was
observed with floor reared birds. Satyanagrayana Reddy
et al. (1989) reported that differenc feeding regimen
during growing period had ne significant influence on
feed intzke. Although no significant differences wese
recorded for feed intake per bird, highest feed intake
was recorded for the pullecs on 16 per cent procein

diet and lowest on 14 per cent protein diet.

Among energy levels, highest feed intake was
noted with 2300 Kcal ME/Kg diet and lowest with 2700
Kcal ME/Kg diet. The effect due to either protein or
energy level was nonw-significant. This 1s in agreement

with findings of Thakur and Saxena (1985).

Feed conversion efficiency

Housling systems and energy cencentration of the
diet influenced feed conversion efficiency during grower
phase. The inferior feed conversion efficiency‘ﬁfported
with floeor system of housing could be attrilbuted #o
sigrificencly increased feed intake during this pﬁase.
Zventhough, feed conversion efficiency was not signifi-
cantly inSluenced by different protein levels, superior

feed efficiency was observed with 14 per cent protein
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diet and poor feed efficiency with 20 and 18 per cent
protein diets. Absence of any significant effect of
feeding different protein levels on feed conversion
efficiency during grower phase found in this trial

is in agreement with £indings of Satyanarayana Reddy
et al. (1989) and Thakur and Saxena (1985). With
respect to energy levels, the diets containing higher
energy level (2700 Kcal ME/Kg) resulted in better feed
efficiency than lower energy level (2300 Kcal ME/Kg).
This might be due to better utilisation of nutrients
in those diets. But this result is in contrast to the
findings of Thakur and Saxena (1985) who found no
significant effect on feed conversion efficiency by
applying different energy levels viz., 2800, 2900 and
3000 Keal ME/Kg. Presence of significant housing =
protein « energy interaction on feed conversion effici-
ency is suggestive of Protein-energy combinations of
14 ¢ 2500, 14 : 2700, 16 & 2300, 16 : 2500, 18 s 2700,
20 : 2500 and 20 : 2700 in cage system and 16 : 2500

in deep litter system during grower phase.

Cost of feeding

Cost of feeding per bird during grower phase was
influenced significantly by the systems of housing, but
not by dietary protein or energy levels. The feeding

cost was significantly higher with floor reared birds
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compared to cage reared birds. This finding could be
attributed to the significantly higher feed intake by
the floor reared birds during this period. However,
the feeding cost appears almost similar for different
protein and energy levels ranging from Rs. 1976 to
21.60 per bird. Presence of housing - protein ~ energy
interaction on feeding cost is suggestive of protein
energy combinations of 14 : 2700, 16 s 2300, 16 : 2500,
18 : 2700 and 20 : 2700 in cage system and 14 : 2700
in deep litter system. From this study it may be
concluded that a dietary crude protein level of

14 per cent with an energy level of 2300 Kcal ME/Kg
was found to be optimum for egg type pullets during

grower phase, irrespective of the housing systems.

Layer Phase

Age at first egg

Data on age at first egg revealed that it was
influenced by housing systems alone, not by protein
and energy levels in the diet. Birds housed in cages
laid their first egg significantly earlier (P, 0.01)
than those maintained on floor. This result is quite
in line with those reported by Sharma (1974) and Jin
and Craig (1988). This might presumably be attributed

to the social order which may be predominant among
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birds on floor pens, therecby affecting socially recessives
and ultimately the average sexual maturity. Protein or
energy levels did not have any significant influence on
this trait. This £inding agrees with that of Summers

and Leeson (1583).

Body weight gain (20-72 wecks of age)

Body weight gain during layer phase was signifi-
cantly influenced by housing systems only. Dietary
protein or energy levels did not significantly influence
this trait., Birds maintained on floor attained signifi=-
cantly superior welght gain (P / 0.01) than birds in
cages « This significant reduction in body weight gain
observed among caged bilrds compared to other group might
be due to the loss of welght resulted from pasteurellosis
infection during laying phase. Absence of any significant
effect on body weight gain due to dietary protein and
energy levels confirms the findings of Thatte et al.
(1981a) and Jalaludeen and Ramakrishnan (19899.

Hen-day egg production

Percenc hen-day egg production among the birds
reared in cages appears to be optimum, whereas that
reported for the litter reared birds could not he consi=-
dered as ideal for strain cross egg type pullets. BRirds

housed in cages produced significantly more eggs (60.34%)
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than those con floor (47.98%). The wide difference
cbgserved in egg production among the birds housed in
two systems cannot be solely attributed to housing

systems alone.

At 36 weeks of age, layers in cages had a mild
attack of Pasteurellosis. Though, the mortality was
negligible, morbidity was very high. As a consequence,
further egg production was persistently lower for the
remaining laying c¢ycle. This could be observed from
egg production data presented phasewise, viz., 20-40
weeks, 40-60 weeks and 61=72 weeks (Appendiz%VII toXIX).
Hen~day egg production was 70.33 per cent for cage
reared birds as against 50.71 per cent for litter reared
birds during 20 to 40 weeks of age. The values for
40 to 60 weeks of age and 61 to 72 weeks of age were
51.42 and 46.57 and 54.52 and 45.44 per cent for caged
birds and floor birds, respectively. Thus it 1s evident
that the egyg production of the experimental birds reared
in cages was far below than the potential of ILM 90 vhich

could be attributed to infection with pasteurellosis,

Perusal of the mortality data, presentad in
Table 35 indicated that death rate was very high among
the chicks reared on floor than the gtandards prescribed.

The ¢hicks were infected with intestinal coccidilosis



during starter phase. Though, the disease could be
controlled with proper menagemental procedures includ-
ing therapeutic use of anticocecidial mediclnes, the
morbidity wes very high. Therefore, the very low egg
production per cent observed among the litter reared
birds in this experiment could be attributed to
Coccidiosis infection of the stock during sctarter phase.
2bsence of any significant interaction effect between
housaing and nucrients was suggestive of advocating any
level of energy or protein studied to any nousing
systems. In egg production, tnere was not much variation
among the protein level vested in the experiment.
Stacistical analysis also confirms this trend. It
indicates that birds will be able to deliver catisfactory
egg production with a dlet containing 14 per cent CP.

The present results confirm the observations of speers
and Balloun (19672), Reid (1976}, Mather et al. (197¢)
Mohan et al. (1977) and Jalaludeen and Ramakrishnan
(1989b) who reported satisfactory egg production in
caged layers with 14 per cent dietary protein. The
present finding alsc agrees with Thornten and Whittet
(1959) who observed that even 2 protein level of 13 per
cent in the diet was comparable to the higher protein
levels for egg production among birds reared under cage
and floor management. Sadagopan et al. (1271) suggested
that the protelin requirement of caged layers lies between

14 and 16 per cent.
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Hen=day egg production was not affected when
energy level alone was considered. Varying energy
levels studled did not have any significant influence
upon hen-day egg production. After studying the effect
of dietary energy level on the performance of caged
layers, Hulett et al. {(1960) reported that altering the
energy level in the diet did not significantly affect
over all production. Bragg and Hodgson (1969) conducted
a study employing three levels of metabolizable energy
viz., 2794, 2570 and 2354 Kcal ME/Kg in isonitrogenous
laying rations and observed no difference in egg
production between the three energy levels. Peterson
(1957), Pepper (1959), Lillie et al. (1976), Summers and
Leeson (1978), Jalaludeen and Ramakrishnan (1989a, 1989b),
also reported that lowering the energy level did not
influence egy production. Infact, Lillie et al. (1976)
could observe significantly higher egg producticn at an
energy level of 2220 than at 3080 Kecal ME/Kg in the diet.
Considering the above, it can be reasonably concluded
that a diet containing 14 per cent protein and 2300 Xcal
ME/Kg is sufficient for satisfactory egg production
among layers. Though egg production for the cage reared
birds were markedly higher than floor raised birds, the
general production data pertaining to varying protein
and energy levels employed could not be-fegarded as
optimume. Egg production estimated for a particular level
of nutrient taken together for both housing systems could

be a reason for this lowered egg production. Since the
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effect of particular level of nutrients on egg production
taken together for both the housing conditions, any
influence in the performance of birds in both systems of
management had contributed to the overall performance of

birds.

Feed intake

Feed consumption per bird per day was not
influenced significantly by either housing systems or
variations in protein or energy concentrations in the
diet. By scanning the literature on feed intake it
could be seen that daily feed intake of layers as
influenced by dietary protein and energy levels were
contradictory. Bragg and Hdgson (1969), 2Ahmad et al.
(1974), Carew et al. (1980) and Olomu and Offiong
(1983) noted significant reduction in feed intake with
higher dietary energy level. There was significant
inverse relationship between dietary energy level and
feed intake (Lillie et al., 1976 and Mather et al. 1976).
Reddy et al. (1980) reported that daily feed consumption
per bird increased significantly with increasing levels
of protein and decreased with increasing levels of energy.
However, Reld and Maiorino (1980) observed higher feed
intake with lower protein diet. Prasad et al. (1984) also
reported that protein had no effect on feed intake.

Wilson et al. (1973) studied the influence of temperature
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on energy intake and stated that layers did not adjust
their caloric intake to the energy level of feed.
Absence of any significant influence on feed intake due
to protein and energy levels studied in the experiment
also agree with Jalaludeen and Ramakrishnan (1989a,
1989b). Smaller differences in energy levels used in
this trial might have contributed to the non influence

on fead intake.

Feed per dozen eggs

The feed required to produce one dozen eggs
was found to be 2.21 kg for caged birds against 2.75 for
floor reared birds and the difference was highly signi-
ficant. Sugandi gt al. (1975) and Rama Rao et al. (1983)
studled the influence of housing systems on protein
requirements and opined that feed efficiency was superior
among kirds housed in cages than those on floor. Compara=
tively poor feed efficiency noted in this work with Lloor
system of management c¢an be attributed to the low egg

production recorded in that system.

The mean values for feed conversion efficiency
exprescsed as feed per dozen eggs ranged from 2.15 for
the 20 per cent crude protein diet to 2.64 f£or the
14 per cent crude protein diet and the values can be
considered as acceptable for high producing egg type

commercial birds. The feed per dozen eggs was significantly
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superior among 20 per cent protein fed birds than other
levels employed. Sadagopan et al. (1971) after studying
for levels of protein viz., 12, 15, 18 and 20 per cent
stated that feed required to produce one dozen eggs was
progressively decreased as the protein content in the
diet increased. Reddy gt al. (1980) also reported
improved feed efficlency at increased level of protein.
Among the three protein levels viz., 12, 15 and 18 per
cent crude protein, tested, maximum feed efficiency

was with 18 per cent protein (Zmeenuddin et al., 1976).
However, Thornton and Whittet (1959) and Miller and
Smith (1975) could not observe any significant change

in feed efficiency due to variation in the dietary
protein level. Mohan et al. (1977) reported better feed
efficiency at high protein levels. Similar results have
also been reported by Hochreich et al. (1958), and
Quisenberry et al. (1964).

The feed per dozen eggs showed a numerical
improvement with increasing the energy levels in the
diet. Statistical analysis of the data confirmed this
trend. Feed conversion efficiency was significantly
superior with 2500 and 2700 Kcal ME/Kg diet than with
2300 Kecal ME/Kg diet. The results of the present study
i1s in close agreement with Sadagopan et al. (1971),
Reld and Maicrino (1980), Doran et al. {1980) and

Thatte et al. (198ib) who reported that increased energy
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content in the diet reduced the feed required to
produce cne dogzen eggs. However, Mochan et al. (1977),
Summers and Leeson (1978), Olomu and Offiong (1983) and
Jalaludeen and Ramakrishnan (1989a, 1989b) reported that
energy levels in the diet did not have any effect on
feed conversion efficiency. The improved feed efifici-
ency with increasing level of energy in the diet in this
experiment might be due to better utilisation of
nutrients in that diet. Therefore, the present trial
tends to suggest that a protein level of 20 per cent
crude protein and energy level of 2500 or 2700 Kcal
ME/Xg are ideal in as far as feed per dozen eggs is

consgldered.

Bgg weight

The egy welght was significantly influenced by
both housing systems and protein level but not by energy
content of the diet. Birds reared on £loor produced
significantly heavier eggs than caged birds. The large
sized eggs produced by liiter reared birds could be
attributed to lower hen-day egg production recorded by
the birds .n that system. Among the protein levels
tested, birds fed with crude protein contents of 1&, 18
and 20 per cent produced eggs with significantly highest
egg welght. PFeeding 14 per cent protein diet resulted
in significantly lower egg weight. Quisenberry et al.

(1964), reported that when the protein was 15 per cent
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or less egg size was depressed. On the other hand,
Fernandez et al. (1973), Miller and Smith (1975) and
Thatte et al. (1981a, 1981b) stated that protein content
of the dilet had no effect on egg weight. However,

Mac Intyre and Aitken (1957) noted that higher levels of
protein were necessary for maximum egg weight. Similar
results were reported by Gleaves gt al. (1977), Mohan
2t al. (1977), Reddy et z2l. (1980), Doran et al. (1930)
and Olomu and Offiong (1983). This is in agreement with
the present finding that increasing the level of protein

in the diot resulted in higher egg weight.

The egg welght was not significantly inflnenced
by energy levels of the ration. Aabsence of any signifi-
cant impact on egg weight by varying energy levels in
the diev, noted in this study confirms the findings of
Hulett (1560), Summers and Leeson (1978), Thatte et al.
(19g1la, 1981b) and Olemu and Offlong (1583). On the
contrary, Lillie et al. (1970) and Reddy et al. {(1980)
opined that high energy diet significantly lowered egg
weight. Lowered egg welght with increasing level of
energy cbserved in the above reports may be due to
lowered feed intake and conseqguent inasdequate protein
which resulted in lowered egg size. Considering the
results, it can be concluded that for balancing optimum
egg size a dietary protein-energy combination of 16 : 2300

was found to be ideal for egg type commercial layers.



142

Cost of feeding

Feeding cost during the layer phase as
influenced by systems of housing, dietary protein and
energy levels is shown in Table 25, Statistical
analysis of the data revealed that it was not influenced
by housing systems, diletary protein or energy levels.
Thus, it is evident that among the 12 diets used in this
experiment with varying protein and energy levels, any
one could be considered, provided, it satisfies the
other requirements such as production traits, egg

quality traits etc.

Egg gquality traits

The results of egg quality parameters such as
shell thickness, albumen index, yolk index and Haugh
unit obtained in the experiment revealed that the values
recorded are within the normal range. This indicates
that the dietary concentration of protein or energy
tested had not adversely affected egg quality tralts,
resulting in the production of sound eggs. Mean shell
thickness (0.34 mm) was same for the birds maintained
in both housing systems and fed different energy levels.
Similarly not much variation could be observed between
birds of different groups fed different protein levels.

Statistical analysis of the mean shell thickness revealed



143

that none of the characters had any influence on this
trait. It has been estimated that a shell thickness

of atleast 0.33 mm i1s needed if the egg is to have a
better than 50 per cent chance of moving (through
normal market handling without breaking (Stadelman,
1977). Judging by this criteria the mean shell
thickness obtained in this study can be clearly adjudged
as optimal. The mean albumen index of 0.09 for all the
dietary combinations and housing systems indicate that
irrespective of treatments all eggs examined have good
albumen guality. However, an increase in albumen quality
with decrease in dietary protein has been reported by
Mohan gt al. (1977). Significantly similar hen-day egg
production observed in the present experiment might be

due to similar albumen index values.

Mean Haugh unit score, shown in Table 27, indicated
that it was significantly influenced only by dietary
protein levels and not by either housing systems or
dietary energy levels. Significantly better Haugh unit
score was noted with a dietary protein level of 16 per
cent and significantly lower Haugh unit score observed
20 per cent crude protein level. However, the difference
observed between 14 and 20 and 16 and 18 per cent protein
levels were statistically similar. This erratic difference
in Haugh Unit observed among the protein levels tested in

this experiment could not be explained. Energy levels
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studied did not have any significant influence on
Haugh unit score. This result is in agreement with
Lillie et al. (1976}, Mather et al. (1976) and Olomu
and Offiong (1983).

The yolk index value in the present trial ranged
from 0.42 to 0.44. Average values for fresh egg falls
between 0.42 and 0.44. The yolk index values were
significantly influenced by housing systems. Signifi-
cantly superior values wexe recorded with floor reared
birds. Though, eggs produced by cage reared birds were
of significantly lower yolk index values, in general,
it can be considered satisfactory. Yolk index values
were statistically unaffected by dietary protein and

energy levels and were within the normal range.

2Abdominal fat

On perusal of the mean abdominal fat data
{Table 32) it was observed that caged layers had more
abdominal fat than litter reared birds, but the differences
obkserved were not found to be significant. With respect
to protein levels tested highest values were recorded with
20 per cent protein and lowest with 16 per cent protein.
However, the differences in values among various protein

levels were not found to be significanc. Apparently,
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increage in abdominal fat values were noted with
increase in energy content of the diet. But the energy
concent did not have any significant influence on

abdominal fat.

Liver lipid

The trend in liver 1lipild per cent was more or
less slmilar to that of abdominal fat. But significant
differcaces were noted in thiz trait due to housing
systems, dietary protein and energy levels. Per cent
liver lipid estimated was significantly more with caged
layers than floor birds. With respect to varying protein
levels significantly highest values were noted with birds
offered with 20 per cent protein and less wvalues with
those fed with 18 per cent protein diet. Significant
difference could be cbserved between each regimen of
protein used. 2bsence of any specific trend in liver
1ipid due to variation in protein level of the diet might
be due to less number of samples tested for estimation
of this zrait. The liver lipid content of layers fed
diet cecncaining an energy level of 2700 Kecal ME/Kg
was significantly more. It was significantly less with
those fed with 2300 Kcal ME/Kg. The groups maintained
on 2500 Kcal ME/Kg had intermediate liver lipid values.

There were significant dilfferences between each regimen
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of energy levels employed. The possible influence of
different energy levels on fat deposition in the liver
of laying hens was investigated by Ivy and Nesheim (1971)
and reported that higher energy in the diet resulted in
increase in liver fat content. This is in agreement
with the present trial. Considering the different
production traits as well as egg quality traits it con
be concluded that a crude protein content of 16 por cent
with an energy level of 2300 Xecal ME/Kg was found to be

optimal for commercial egg type strain cross layers.
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SUMMARY

An experiment was designed to study the influence
of housing systems on protein and energy requirements of
strain cross White Leghorn chicken from day old to
seventy two weeks of age under the prevailing agro-

climatic conditions of Kerala.

Seven hundred and twenty, one=day old female
chicks of ILM~-90 (IWN x IWP) of the Mannuthy Centre of
All India Co-~ordinated Research Project on Poultry for
eggs, were used for the experiment. Two housing systems,
namely, cage and deep litter were taken up for the study.
The c¢hicks were randomly divided into two groups of
360 chicks each, one group meant for floor and the other
for cage experiment. They were randomly alloted to
12 dietary protein-energy combination groups with each
treatment having three replicates and each replicate
having ten chicks each in both housing systems. The
observations were recorded from one day of age to seventy
two weeks of age. Feed and water were provided ad libitum.
The Sclentific managemental practices were followed
throughout the experimental period. The observations
during starter phase were made from zero to eight weeks
of age and during grower and layer phases at intervals of

four weeks. The observations monitored during the starter



phase and grower phase were body weight, feed intake,
feed conversion efficiency and mortality. During the
layer phase (20-72 weeks of age) individual body weights
were recorded at 20, 40, 60 and 72 weeks of age. Daily
egg production was recorded and from this data hen-day
egg production was arrived at. Feed intake data was
recorded at the end of each 28-day period. Feed conver-
sion efficiency was calculated based on Kilogram feed per
dozen eggs. Data on egg quality traits such as egg
weight, shell thickness, albumen index, yolk index and
Haugh unit were recorded period-wise. Abdominal fat
and liver lipids were also estimated at the end of the

experiment.

Bconomics on cost of feeding per bird was

calculated for different phases separately.

The following observations were made from this

investigation.

Starter phase (0-8 weeks of age)

1. Eighth week body weight and body weight gain
was influenced by housing systems and dietary protein
levels, but not by energy levels. Birds reared in cages

showed significantly higher (P < 0.01) body weight gain.



Body weight gain was superior with 20 per cent protein
dliet and poorest with 14 per cent protein diet and the
values for 16 and 18 per cent protein diets were
intermediary. Protein-energy combinations of 18 : 2700,
20 : 2500 and 20 : 2700 showed significantly higher

(P 4. 0.05) body weight gain than others.

2. Feed intake per bird was significantly
(P < 0.01) influenced by dietary protein levels omnly.
Birds consumed significantly (P < 0.01) more gquantity
of feed with 18 per cent protein than 14, 16 and 20 per
cent, the difference among them being statistically
non-significant. Housing systems and energy levels

studied did not have any influence on feed intake.

3. ¥eed conversion efficiency was significantly
influenced by housing systems, dietary protein and energy
levels. It was significantly (P < 0.01) better in cages
than in deep litter. A dietary protein level of 20 per
cent resulted in significantly (P < 0.01) superior feed
efficiency and 14 per cent resulted in poorest feed
efficiency. The feed efficiency with a dietary energy
level of 2700 Kcal ME/Kg was statistically superior than
that of 2300 or 2500 Kcal ME/Kg. Statistically better
feed conversion efficiency was obgerved with protein-

energy combination of 18 : 2700, 20 & 2500 and 20 : 2700.
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4. During the Starter phase protein levels in
the diet significantly influenced feeding cost whereas
housing systems and energy contents in the diet did not
have any significant influence. Among protein levels,
significantly (P € 0,01) lowest feeding cost was
observed with 16 per cent protein diet. Significantly
(P < 0.01) higher feeding cost was observed with 18 per

cent protein diete.

Consideriag the overall performancz, it appeared
that a dietary protein level of 20 per cent with an
energy level of 2300 KRecal ME/Kg was found to be optimum
during starter phase for commercial egg type pullets

<
reared in cages as well as on litter floor system.

Grower phase (9-20 weeks of age)

1. Body weight of birds at 20th week of age was
significantly influenced by housing systems and dietary
protein levels, nut not by energy levels. Body weight
of birds was significantly (P < 0.01) more in cages than
in deep litter. Significantly (P < 0.05) higher body
weilght was observed with a protein level of 20 per cent
and was statistically at par with 14 and 16 per cent
protein levels. Significant effect (P < 0.01) of housing x
energy interaction on body weight indicated that birds

attained maximum body weight with 2700 and 2500 Kcal ME/Kg



in cage system of housing. Body weight gain during
grower phase was significantly influenced by dietary
protein levels only. Significantly (P < 0.01) more
weight gain was observed that the diet containing a
protein level of 16 per cent and less with a protein

level of 20 per cent.

2., Peed intake per bird during grower phase
was significantly (P < 0.01) influenced only by housing
systems. Birds reared under deep litter consumed more
feed than those reared in cages. Significantly (P< 0.01)
less feed was consumed with a protein energy combination

of 18 : 2700.

3. Feed conversion efficiency was significantly
influenced by housing systems and dietary energy levels
and not by protein levels. Feed efficlency was signi=-
ficantly (P < 0.01) superior for birds reared in cages.
Significantly (P < 0.05) better feed efficlency was
observed with 2700 Kcal ME/Kg diet and less with 2300 Keal
ME/Kg diet. Significantly superior feed conversion
efficlency was observed with a diet containing protein-

energy combination of 16 s 2500 and lowest with 18 s 2300.

4. Cost of feeding per bird during grower phase

was influenced only by housing systems. Significantly
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(P < 0.01) lower feeding cost was observed among cage
reared birds. 1In cage system feeding cost was found
less with proteln-energy combinations of 14 : 2700,

16 : 2300, 16 s 2500, 18 : 2700 and 20 : 2700 while
that in deep litter was with 14 : 2700 combination
only. Considering various aspects, it was seen that

a dietary crude protein level of 14 per cent and energy
level of 2300 Kecal ME/Kg was found to be optimum for
egg type pullets during grower phase irrespective of

the housing systems.

Layer phase (20-72 weeks of age)

1. Age at filrst egg was influenced by housing
systems only. Birds housed in cages laid first egg
significantly (P < 0.01) earlier than those maintained

con floor.

2. Birds maintained on floor attained signifi-
cantly (P < 0.01) superior weight gain than these in

cages.

3. Hen-day egg production was significantly
influenced only by the type of housing. Birds reared

in cages produced significantly (P < 0.01) more numbers



153

of eggs than those on deep litter system. Hen-day eqgg
production was not significantly influenced by varying

levels of protein and energy empleyed.

4. Daily feed intake per bird was not influenced
by either housing systems or dietary protein and energy
levels studied.

5. Feed conversion efficiency was influenced
by housing systems as well as dietary protein and energy
levelss. Significantly (P < 0.01) superior feed conversion
efficlency was observed with cage reared birds. Among
protein levels, birds offered with 20 per cent protein
diet showed significantly superior (P < 0.,01) fced
conversion efficiency. wvietary energy levels of 2500 and
2700 Keal ME/Kg showed significantly (2 < 0.05) better

feed efficiency than the other level.

6. Bgg weight was significantly influenced by
housing systems and dietary proteln levels and not by
energy levels. Litter reared birds produced significantly
(P < 0.05) heavier eggs than caged birds. Except with
14 per cent protein, all other protein levels produced

significantly (P < 0.05) larger sized eggs.
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7. Cost of feeding per bird during layer phase
was not significantly influenced by housing systems,

dietary protein and energy levels employed.

8. Values for egg guality parameters, in
gencral, were found well within the normal range. Shell
thickness and albumen index were not significantly
influenced by housing systems, dietary protein and energy
levels. Yolk index was significantly (P < 0.05) higher
with eggs obtained from birds reared on floor. Birds fed
with a diet containing 16 per cent protein had signifi-
cantly (P < 0.05) higher Haugh unit score and lower scocre

was observed with a protein level of 20 per cent.

9. Abdominal fat content was not significantly
influenced by housing systems, dietary protein and energy

levels or its interaction studied.

10. ILiver 1lipid values were significantly influenced
by systems of housing as well as by dietary protein and
energy levels employed. Caged birds had significantly
(P < 0.01) higher liver 1lipid per cent than litter reared
birds. Significantly (P < 0.01) higher liver 1lipid values
obtained with diets having 20 per cent protein level and
lowest with 18 per cent protein level. Highest liver lipid
(P < 0.01) value was observed with a diet containing

2700 Kcal ME/Kg and lowest with 2300 Kcal ME/Kg diet.
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In both housing systems, highest liver lipid value
observed with protein energy combination of 20 s 2700
while lowest with 18 1 2300 in cage system and 14 1 2300
in deep litter system. Considering the different traits
during layer phase, it could reasonably surmised that a
dietary crude protein content of 16 per cent with an
energy level of 2300 Kcal ME/Kg was found to be optimum

for commercial egg type strain cross layers.
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Appendix I

Effect of housing systems, dietary protein and energy levels on
the performance of grower chicks during 9-12 weeks of age

Character biEEthigﬁt F;:i éiﬁgke Weight gain Fe:gfizggiggion
(g) (g) (g)
Housing systems Cage 666 .43° 1188.21 326.33% 3.69
Litter 619.82% 1158.07 354.03° 3.38
Protein (% CP) 14 610.543 1116.44 335,84%P 3.42
16 598.512 1177.11 309.32% 3.89
18 669.23° 1149.06 355.79° 3.30
20 694.,23° 1249.97 359.77° 3.53
Energy 2300 637.42 1158.62 341.95 3.53
(xcal ME/Kg) 2500 654.57 1186.53 352.78 3.43
2700 637.39 1174.28 325.80 3.65
CDh
Housing 37.719 (P < 0.01) - 24.335 (P < 0.05) -
Protein 53,343 (P < 0.01) —-— 34.414 (P < 0.05) -
Ilousing x protein - - - -
Lnergy ~— - - -
Housing x energy - 189.726 (P < 0,01) - —
Protein x energy —— - - e

Housing x protein x
energy

Letters bearing the same superscript do not differ significantly between each character



appendix II

Tffect of housing systems, dietary protein and energy levels on
the performance of grower chicks during 13-16 wecks of age

Character bég;thiZ§t ngg %fﬁgke Weight gain Fezgi
(g) (g) (g)
Housing systems Cage 1034.14b 1582.64% 358.13b
Litter 934.09% 2260.09° 260.66%
protein (% CP) 14 957.97% 1904.79 306.62
16 977.97%0 1989.15 329.54
18 992.19°¢ 1929.01 298.26
20 1008.33° 1862.53 303.16
Energy 2300 970.89% 1896 .84 301.57%
(kcal MC/Kg) 2500 975.01% 1936 .80 295.57%
2700 1006 .45° 1930.46 331.05°
¢p
Housing 27.87 (P < 0.01) 107.38 (P < 0.01) 29.79 (P < 0.01) 0.82
Protein 29.05 (P < 0.05) - -
Housing x protein - 214.76 (P < 0.01) -
Cnergy 25.16 (P < 0.05) - 26.89 (P < 0.05) 0.74
Housing x energy —— - -
Protein x energy —— 263.03 (P < 0.01) -
Housing x proteln x — — _—
energy

Letters bearing the same superscript 40 nol differ significantly between eacn chd




Appendix III

Effect of housing systems, dlietary protein and energy levels on
the performance of grower chicks during 17=-20 weeks of age

20th week Feed intake Feed conversion
Character body weight per bird Weight gain efficiency
(g) (g) (g)
Housing systems Cage 1274.21b 2221.37 240.07% 10.21b
Litter 1209.52a 2235.31 275.43b 8.46a
Protein (% CP) 14 1242.48% 2258.80 284.51° 8.20°
16 1243.20ab 2202.32 265.23b 8‘64a
18 1206.02% 2314.12 213.83% 12.34°
20 1275.76° 2138.14 267.43° 8.162
Energy 2300 1230.92 2512.96 260.03 11.11b
(Keal ME/Kg) 2500 1243.21 2141.79 268,20 8.15a
2700 1251.47 2030.28 245.02 8.75%
CD
Housing 38.59 (P < 0.01) -— 29.94 (P < 0.01) 1.35 (P <« 0.05)
Protein 40.22 (P < 0.05) - 42.3¢4 (P 4 0.,01) 2.59 (P < 0.01)
Housing x protein - - - -
Energy - - - 2.24 (P < 0.01)
Housing X energy 66.84 (P < 0.01) - 51.86 (P< 0.01) 3.16 (P < 0.01)
Protein X energy - - - 4.48 (P« 0,01)
Housing x protein x - - 76.44 (P < 0.05) 6.33 (P < 0.01)
energy
Letters bearing the same superscript do not differ significantly between each character



Appendix IV

Effect of housing systems, dietary protein and energy levels on age at
first egg and production traits of pullets during 21-24 weeks of age

Age at first

Hen-day egg

Daily feed

Feed per

Character egg production intg?idper dozen eggs Lgg weight
(days) %) (g) (kg) (g)
Housing Cage 130.50% 63.99° 107.98 2.13% 42.84°
systems Litter 135.25° 27.88% 102.70 5.16° 41,413
Protein 14 134.17 43.48% 107.21 4.42° 41.06
% cp) 16 133.42 46.10%° 108.67 3.60° 42.50
18 133.50 40,232 101.84 4.11P 42.82
20 130.42 53.94P 103.63 2,152 42.12
Energy 2300  134.63 44,172 111.92 3.74 41.83
(keal 2500  133.06 43.75% 103.61 3.95 42.43
ML/Kg) 2700  130.94 49.90° 100.48 3.25 42.11
CD
Housing 4.189 (P < 0.01) 5.93 (P < 0.01) - 0.955 (P < 0.01) 1.42 (P < 0.01)
Protein -~ 8.38 (P < 0.01) - 0.996 (P < 0.05) -
Housing X protein ~- - — 1.408 (P < 0,05) -

LCnergy

Housing % energy -~

Protein x energy =~-

Housing x protein _

X energy

5.35 (P < 0.05)
7.56 (P < 0.05)

-

—

Letters bearing the same

superscript do not differ

significantly between each character



Bffect of housing systems, dietary protein and energy levels on

Appendix V

production traits of pullets during 25-28 weeks of age

Hen-day egg

Dai

ly feed

Peed per

character production intake per bird dozen eggs Lgg welght
(%) (g) (kg) (9)
b b a
Housing systems Cage 76 .72 119.66 1.91 45 .60
Litter 47.40% 95.73% 2.58° 45.70
protein (% CP) 14 65.35 118.34° 2.38 45.58
16 59.90 104,903 2.39 45.48
18 57.22 109.78%° 2.30 45.33
20 65.77 97.85% 1.91 46.21
Cnergy 2300 62.69%° 119.65° 2.34° 45.32
(keal ME/Xg) 2500 57.63% 101.752 2.46° 45.73
2700 65.86° 101.76% 1.932 45.90
CcD
Housing 6.92 (P <« 0.01) 10.67 (P «£0.01) 0.38 (P < 0.01) —
Protein - 15.09 (P < 0.01) - -
Housang x protein - - - -
Energy 6.25 (P 4 0.05) 13.06 (P < 0.01) 0.34 (P < 0.05) -
Housing x energy - 13.62 (P < 0.05) 0.66 (P < 0.05) -
Protein x energy - 19.26 (P <« 0.05) -— -—
Houging x protein x — _—
energy 17.65 (P < 0.05) 27.24 (P < 0.05)
Letters bearing the same superscript do not differ significantly between each character

T



Appendix VI

effect of housing systems, dietary protein and energy levels on
traits of pullets during 29-32 weecks of age

Character gigaﬁzgiigg ing:;iypgiegird d§22i zg;s Egg weight
(%) () (kg) (g)
Housing systems Cage 80.30° 112.39 1,718 47.73
Litter 58.24% 99.06 2.10P 47.82
protein (% CP) 14 63.98 107.66 2.10 47.54
16 69.54 111.80 2,03 47.75
18 71.69 105.91 1.77 47.98
20 71.86 97.52 i.72 47.83
Energy 2300 68.55 108.30 2.01 47.64
(Kcal ME/KG) 2500 66.12 105.91 2.00 47.98
2700 73.14 102.95 1.70 47.70
CcD
Housing 8.82 (P« 0.,01) - 0.365 (P« 0.01) -
Protein - - - -
Housing X protein - - - -
Energy - —— - -
Housing x energy - - - -
Protein x energy - - - —

Houslng x protein x
energy

[ 4

Letters bearling the same superscript do not differ significantly between each character



Drotein (% CP) 14 72.89 108.82 1.79 48.41

16 71.42 108.67 1.85 49.57
18 71.08 110.24 i.81 43.89
20 T74.50 99,22 1.64 49.12
Cnergy 2300 73.15 108.62 1.78 48.05%
(Kcal ME/Kg) 2500 70.13 101.97 1.78 49.96°
2700 74.13 109.62 1.75 48.98%
cD
Housing - - - 1.22 (p <
Protein - - - —
Housing x protein - 21.95 (P < 0.05) - -
Energy - - - 1.49 (P < 0O
Housing x enexrgy - - - -
Protein x energy — - - —
Housing x protein x

— - - -~

energy

Letters bearing the same superscript do not differ significantly between each character —



Appendix VIII

bBffect of housing systems, dietary protein and energy levels on
production traits of pullets during 37-40 weeks of age

Hen-day egg Daily feed Feed per

Character production intake per bird dozen eggs Egg weight
(%) (g) (kg) {g)
Housing systems Cage 53.96 116.96 2.64 51.10
Litter 49.78 113.96 3.00 51.06
Protein (% CP) 14 50.92 120,18 2.94° 50.62
16 52.90 114,52 2.65%° 51.25
18 48.99 129.74 3.53° 51.01
20 54.67 97.40 2.17 51.43
Energy 2300 53.17 115.87 2.78 50.44
(Kcal ME/Kg) 2500 54.99 106.63 2.37% 51.52
2700 47.45 128.87 3.31° 51.27
CDh
Housing - - - ~-—
Protein - - 0.67 (P £ 0.05) —
Housing x protein - - - -
Cnergy - - 0.58 (P < 0.05) -
Housing x energy - - - -
Protein x energy -— - 1.15 (P < 0.05) -—
Housing x protein x — _— — _—
energy

Leccers pearing the same superscript do not differ slgnificantly between each character



Appendix IX

Influence of housing systems, dietary protein and energy levels on
production traits of layers during <41-44 weeks of age

Hen-day egg Dailly feed Feed per -
Character production intake per bird dozen eggs Igg weight
%) (q) (kg) (g)
Housing systems Cage 62.16b 112.23 2.24% 50.89
Litter 53.79% 116.87 2.66° 47.93
Protein (% CP) 14 56.98 120.70 2.64 45.86
16 58.39 110.44 2.37 50.74
18 57.21 120,06 2.55 50.37
20 59.30 107.01 2.23 50.68
Energy 2300 57.42 117.06 2.51 50.37
(Kcal MC/Kg) 2500 60.19 114.14 2.37 50.05
2700 56 .30 112.46 2446 47.81
CD
Housing 6.95 (P £ 0.01) - 0.39 (P « 0.01) -
Protein — - - -
Housing x protein - - - —
Inergy — — - —
Housing x energy 8.87 (P < 0.05) - 0.50 (P £ 0.05) —_
Protein x energy - — -— f—
Housing x protein x -
energy - - ==
Letters hearing the same superscript do not differ significantly between each character

[*FAN



Influence of housing systems, dietary protein and energy levels on

Appendix X

production traits of layers during 45-48 weeks of age

Hen-day egg Daily feed Feed per -
Character production intake per bird dozen eggs Egg weight
(%) (o) (kg) (g)
Housing systems Cage 52.56 111.10 2.64 49.16
Litter 49.20 109.82 2.71 48.63
Protein (% CP) 14 52.71 115.43 2.70%° 49.21
16 50.05 110.92 2,733 50.03
18 48.91 116.64 2.92° 46.30
20 51.87 98.87 2,362 50.03
Energy 2300 49,10 111.71 2.79 50,02
(Keal ME/Kg) 2500 52.64 110.41 2.60 49.60
2700 50.91 109.27 2.63 47.05
CcD
Housing - - - -
Protein - - 0.39 (P £ 0.05) —
Housing x protein — - - -
Enexrgy - -— - _—
Housing x energy 9.11 (P £ 0,05) - - -—
Protein x energy - - - -
Housing x protein x — — 1.28 (P £ 0.01) —
energy
Letters bearing the same superscript do not differ significantly between each character

IR A



Appendix XI

Influence of housing systems, dietary protein and energy levels on
production traits of layers during 49«52 weeks of age

Character gigaigziigg in§:iéyp§iegird a§22i gggs Egg weight
(%) (o) (kg) {g)
Housing systems Cage 49.49 107.74 2.66 49.42
Litter 50.52 113.81 2.51 50.42
Protein (% CP) 14 52.40PC 111.83 2.72%° 49.44
16 47.94%° 102.64 2.59° 49.58
18 42.50% 117.99 3.31P 49.65
20 57.16° 110.62 2.31% 50.99
Energy 2300 50.18 125.09° 3,02 50.01
(Kcal ME/Kg) 2500 51.57 104.67% 2.59% 49.09
2700 48.26 102.56% 2.59% 50.65
cD
Housing - —— — —
Protein 8.09 (P < 0.,01) - 0.59 (P < 0.01) -
Housing x protein 8.43 (P < 0.05) - - 2.41 (P <«.0.05)
Energy - 14,20 (P < 0.,01) 0.37 (P < 0.05) -
Housing x energy - - - —
Protein x energy - - - -

Housing x protein x
energy

Ietters bearing the samre superscript do not differ significantly between each character



Appendix XII

Influence of housing systems, dietary protein and energy levels on
production traits of layers during 53-56 weeks of age

Hen-day egg Daily feed Feed per

Character production intake per bird dozen eggs Egg weight
% (g) (kg) (g)
Housing systems Cage 42,90 106.70 3.08 49.29
Litter 42.84 110.04 3.13 50.88
Protein (% CP) 14 38.742 103.57 3.26 52.25
16 43.12ab 107.65 3.07 47.08
i8 40.83% 113.68 3.41 53.33
20 a8.79° 108.59 2.70 47.67
Cnergy 2300 40.50% 115.46° 3.54° 52.56
(Xcal ML/Kg) 2500 47,28 109.11%° 2.78% 52.19
2700 40,852 100.55% 3.03ab 45.50
CD
Housing -— - - —
Protein 6445 (P < 0.,05) - - -
Housing x protein v - - -
Energy 5459 (P < 0.05) 11.13 (P < 0.05) 0.62 (P < 0.01) -
Housing X energy - - - -
Protein X energy ~— - 0.91 (P < 0.05) -
Housing x protein x - _— - —
energy
Letters bearing the same superscript do not differ significantly between each character



Appendix XIIX

Influence of housing systems, dietary protein and energy levels on
production traits of layers during 57-60 weeks of age

Hen-day egg

Dally feed

Feed per

Character production intake per bird dozen eggs Egg weight
(%) (g) (kg) (g)
b a b
Housing system Cage 49.25 113.67 2.80 52.66
Litter 38,293 107.72 3..50b 44.97a
Protein (% CP) 14 43.16 112,03 3.15 47.90
16 43.06 112.69 3.15 51.13
18 43.95 115.62 3.48 43.50
20 44.91 102.44 2.82 52.72
Energy 2300 40.20% 118.78° 3.68° 49.44
(Keal ME/Kg) 2500 47.711° 107.47° 2.82% 51.42
2700 43.40%° 105.832 2.04% 45.58
CD
Housing 6.121 (P < 0.01) - 0.48 (P < 0.01) 7.37 (P <0.05)
Protein - - - -
Housing x protein 9.00 (P < 0.05) - 0.71 (P < 0.05) -
Lnergy 5.51 (P £ 0.05) 10.67 (P £ _0.25) 0.59 (P<& 0.01) -
Housing X energy - - - -
Protein X energy - 21.34 (P« 0.05) 0.8 (P« 0.,05) -
Housing x protein x — _ 1.22 (P < 0.05) —
energy
Letters bearing the same superscript do not differ significantly between each character

12T



Appendix XIV

Influence of housing systems, dietary protein and energy levels on
productlon traits of layers during 61«64 weeks of age

Hen-day egg Daily feed Feed per

Character production intake per bird dozen eggs Egg welght
(%) (a) (kg) (g)
Housing systems Cage 56.55b 104.45 2.242 48.00
Litter 48,242 103.89 2.59° 49.96
protein (% CP) 14 48.53% 107.46 2.69° 48.72
16 51.62%° 104.56 2.45%0 52.43
18 56.65% 105.05 2.26° 47.16
20 52.79° 99.62 2.26° 47.61
Energy 2300 50.43% 113.10° 2.71P 48.79
(Kcal ME/Kg) 2500 55.12° 99.50% 2.20% 51.60
2700 51.64° 99.92% 2.34% 46.55
CDh
Housing 2.24 (P< 0.01) - 0.23 (P < 0.01) —_—
protein 3.17 (P £ 0.01) - 0.33 (P < 0.01) —
Housing x protein 4.49 (P ¢ 0.01) - —— -
Cnergy 2.75 (P < 0.01) 10.47 (P < 0.01) 0.28 (P < 0.01) -
Housing X energy - — —-— -
Protein x energy 4.05 (P < 0.05) - — -
Housing x protein x
enorgy 7.77 (® < 0.01) - - -

Letters bearing the same superscript do not differ significantly between each character

€9t



2ppendix XV

Influence of housing systems, diotary protein and energy levels on

production traits of layers during 65-68 weeks of age

Hen-day egg Daily feed Feed per
Character production intake per bird dozen eggs Bgg weight
(o) (g} (kq) (g)
Housing systems Cage 54.94b 106.16 2..‘.!5a 52.49
Titter 24.55% 107.76 3.07° 51.50
Protein (% CP) 14 4'7.35a 113.99 2.95b 50.63
16 25,1930 108.30 2.72%% 53.21
i8 52.94b 109.74 2.62a 51.59
20 29.48%° 95.81 2.55% 52.74
Energy 2300 47.25% 111.46 2.89° 50.91
(Kcal ME/Xg) 2500 52.37° 106.60 2.53% 51.75
2700 49.61%° 102.81 2.713P 54.55
CcD
Housing 3.00 (P 4 0.01) - 0.28 (P < 0.01) -
Protein 4.25 (P < 0.01) - 0.29 (P < 0.05) -
Housing x protein - — — -
mergy 3.68 (P 24 0.01) - 0.25 (P < 0.05) -
Housing x energy 3.83 (P £ 0.05) - — —-—
Procein x energy 7.35 (P £ 0.01) - - -—
Housing % protein x
energy ~ - - -
Letters bearing the same supersecript do not differ significantly between each character

o~



Appendix XVI

Influence of housing systems, dletary protein and energy levels on
production traits of layers during 69-72 weeks of age

Hen~day egg

Daily feed

Feed per

Character production intake per bird dozen eggs Egg weight
(% (g) (xg) (g)
Housing systems  Cage 48.78b 112.14% 2.852 54.21
Litter 43,382 120.43° 3.38° 53.91
Protein (% CP) 14 45.07 126.81° 3.45° 52.92
16 46.57 114.05%° 3.03% 54.69
18 47.56 122.25°¢ 3.22°¢ 53.90
20 45.13 102.022 2.752 54,71
Energy 2300 44.68 124.7P 3.40° 54.83
(Kcal ME/Kg) 2500 48.71 113.392 2.89% 54.58
2700 44.85 110.75% 3.05%R 53.50
CD
Housing 4.29 (P < 0.05) 6.29 (P« 0.06) 0.39 (P < 0.01) -
Protein — 12,06 (P < 0.01) 0.41 (P < 0.05) ——
Housing x protein - 12.57 (P « 0.05) 0.58 (P < 0.05) —~
Energy - 10.45 (P < 0.01) 0.36 (P < 0.05) -

Housing x energy

Protein x energy

Housing x protein x

energy

Letters bearing the same superscript do not differ significantly between each character
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Appendix XVII

Influence of housing systems, dietary protein and energy levels on
production traits of layers during 20-40 week period

Hen-day egg Daily feed intake Feed per dozen
Charagter production per bird eggs
(%) (g) (kg)
Housing systems Cage 70.33° 110.51° 1.97%
Litter 50.71% 101.682 2.52°
Protein (% CP) 14 58.58 110.58 2.43°
16 59.86 105.80 2.28%
18 59.49 110.61 2.40°
20 64.15 97.40 1.86%
Cnergy 2300 60.40 112.47 2.32
(Kcal ME/Kg) 2500 58.87 102.94 2.23
2700 62,30 102.89 2.17
CD
Housing 6.584 (P< 0.,01) 8.016 (P < 0.05) 0.32 (P < 0.01)
Protein - - 0.453(P < 0.01)
Housing x protein - —— -—
Energy - - -
Housing x energy - - —-—
Protein x energy - - -~

Housing x protein x
energy

Ietters bearing the same superscript do not differ significantly between each character

p—



Appendix XVIII

Influence of housing systems, dietary protein and energy levels on
production traits of layers during 40-60 week period

Hen~day egg Daily feed 1ntake Feed per dozen
Character production per bird egygs
%) (g) (kg)
Housing systems Cage 51.42b 107.72 2.63%
Litter 46.57° 112.13 2.91°
Protein (% CP) 14 48.88 110.61 2.85°
16 47.81 107.69 2.76%°
18 46 .46 116.48 3.02°
20 52.84 104.93 2.42%
Energy 2300 47.86 115.,33° 2.96
(Kcal ME/Kg) 2500 51.79 109.70% 2.62
2700 47.3¢ 104.75% 2.73
CD
Housing 4.881 (P < 0.01) - 0.252 (P <0.05)
Protein - - 0.356 (P < 0.,05)

Housing x protein
Enexrgy

Housing x energy
Protein x energy

Housing x protein x
energy

7.907 (P < 0.05) -

- 0.616 (P < 0.05)
22.365 (P < 0.05) —

Letters bearing the same superscript

do not differ significantly between each character



Appendix XIX

Influence of housing systems, dietary protein and energy levels on
production traits of layers during 61-72 week period

Hen~-day egg

Daily feed intake

Feed per dozen

Character production per bird eggs
() (g) (kg)
Housing systems Cage 54.52b 109.84 2.46%
Litter 45.44° 112.04 2.97°
Protein (% CP) 14 46.243 115.90 3.04°
16 49.69° 109.18 2.69%
18 52.74° 113.12 2.65%
20 51.26° 105.55 2.49°
Cnergy 2300 47.06% 116.23° 2.99°
(Keal ME/Kg) 2500 53.49° 110.372 2.52%
2700 49.40% 106.212 2.64°%
cD
Housing 3.317 (P < 0.,01) - 0.203 (P < 0.01)
Protein 4.691 (P < 0.01) -— 0.287 (P < 0.01)
Housing x protein - - -
Cnergy 4.062 (P < 0.01) 6.830 (P < 0.05) 0.248 (P < 0.01)
Housing X energy 4.235 (P < 0.05) - -
Protein x energy - - -
Housing x protein x . _— -
energy

Letters bearing the same supcrscriprt do not differ significantly between cach character
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ABSTRACT

aAn experiment was designed to study the influence
of housing systems on protein and energy reguirements of
strain cross White Leghorn chicken (ILM~90) from one day

old to seventy two weeks of age.

Seven hundred and twenty, one-day old female chicks
of ILM=90 (IWN x IWP) of the Mannuthy Centre of All India
Co~ordinated Research Project on Poultry for eggs, were
randomly divided into two groups of 360 chicks each, one
group for floor and other for cage experiment. They were
randomly alldted to 12 dietary protein-~energy combination

o

groups with each treatment having three replicates and

each replicate having ten chicks in both housing systems.

The observations monitored during the starter and
grower phases were weight gain, feed intake, feed conversion
efficiency and mortality. During layer phase individual
body weights were recorded at 20, 40, 60 and 72 weeks of
age. Hen-day egg production, daily feed intake per birg,
feed per dozen aggs, egg quality traits such as egg weilght,
shell thickness, albumen index, yolk index and Haugh unit
were recocsded for cach 28-day period. Cost of feeding per
bird was also calculated. Aabdominal fat and liver lipid

were also cstimated at the end of the experiment. Results



showed that eighth week body weight and welght gain
were influenced by housing systems and protein levels
but not by energy levels. Birds reared in cages and
also those fed with 20 per cent protein diet showed
significantly higher (P « 0.05) body weight gain.

Feed intake per bird and cost of feeding were Influenced
only by dietary protein levels. Significantly higher

(P £0.01) feed intake was observed with diet containing
18 per cent protein. Considering the over all perfor-
mance, a dietary protein level of 20 per cent with an
energy level of 2300 Kcal ME/Kg was found to be optimum
during starter phase for commercial egg type pullet

chicks reared in cages as well as on deep litter system.

Body welght at 20th week of age was significantly
influenced by housing systems and diletary protein levels,
whereas body weight gain was influenced by protein levels
only. Feed intake per bird and cost of feeding were
influenced only by housing systems. Feed conversion
efficlency was significantly influenced by housing
systems and dietary energy levels, Birds reared in cages
and those fed with 2700 Kecal ME/Kg diet showed better feed
efficiency. A diletary protein level of 14 per cent and
energy level of 2300 Kecal ME/Kg was found to be optimum
for egg type pullets during grower phase, irrespective

of the housing systems.



Age at first egg was significantly influenced
by housing systems only. Caged birds laid first egg
significantly earlier (P 0,01). Birds reared in
cages produced significantly (P <« 0.,01) more number of
eggs than those on floor. Dally feed intake per bird
and cost 0f feeding were not influenced by either
housing systems or dietary protein and energy levels.
Peed conversion efficiency was influenced by housing
systems as well as dietary protein and energy levels.
Significantly (P < 0.01) superior feed conversion
efficiency was observed with cage system of housing,
20 per cent dietary protein level and dietary energy
levels of 2500 and 2700 Kcal ME/Kg. Egg welght was
influenced by housing systems and dietary protein
levels and not by energy levels. Liver lipid values
were significantly influenced by housing systems as
well as dietary protein and energy levels employed
whereas, abdominal fat content was not influenced by
any of these. Considering the different tralts monitored
during layer phase, it was seen that a dietary crude
protein content of 16 per cent with an energy level of
2300 Keal ME/Kg diet was found to be optimum for

commercilal egg type strain cross layers.
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