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A

INTRODUCTLION

Many programmes had bean plenned and implemented in the
past with varving d@grees @E succesgs £or the sociowsconomic
uplifit of the weaker sections of soclety. Mmong them
poultry farming has estahliahéd itself as a viable enterw
vrice for improving the rural ecdnomy. The remarkable
progress made by the poultry industry in ouf country during
the last two decades heaée testimony to this faet, The
poultry population increased from 115 millions in 1961 to
189,30 millions in 1977. Likewlse, the egy production haé
risen from 2340 millions in 1951 to 13500 millions in 1983
and the value of poultry products hag increased from 650
million rupees in 1961 to 8700 million rupees in 1583,
Eventhough, India holds seventﬁ poaition among countries of
the world in total agg production, our pereapité aﬁailability
i9 only 1B,9 eguys az compared to 300 to 350 in developed
aountriag {(Anon, 1984). In order to achieve the target
recommanded by the Hational Commission on Agriculture, we
have to produde ﬁ@re than one lakh.million agge annually in
addition,. Such target can be achieved only by promoting
large and gmall gcale poultyy farming in the country with
precision knowhow to generate moximum production withsut

wagte of iﬁputsa



Feéd cost bedng the single m@j@r cost factor in any
poultecy production Qpérat;@n, efﬁi@ient feed managament
will reflect itself in t%e profitability. It is accepted
that feed cost alens accounts for about 70 to ?5_§gr cant
of the total cost of poultry production, Dﬁring the last
few ysars the feed prices in the country ére increasing
gradually, This iﬂcreéaing feed cost hag not been
matched by proportiomate rise in esg nrices. In order to
contain this pressure on production continuous efforts have
to be made for the production of efficient and egongmic

poultry rations,

The efficlency of utilimation of a fasd 1o mainly
governed b? ite energy and protein eontent, Likewisa, the
cost of feed is largely dictated by its protein content,
In as much as the feed cost is the major expense item iIn
produwedng egy and meat, a balance has ¢o be struck at the

cconomic energy and protein level in the ration,

The conventional deep litter rearing system is being
rapidly repleced by the cage system due to the gpatial and
labouwr saving advantages of the latter system, Conseguently,
it has become necessary to reassess the nutylent requires
ments vis-a«vis the cage environment, WYhile the nubrient

requirements of chicken raised in deep litter system have
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besn extensively studied and documented, similar attempts
in respect of cage reared chicken are limited. The
National Research Council (mﬁdi. Agricultural Research
Council (ARC) or Indian Standards Institution (I5I), the
three mitjor organisations which set standards of nutrient
raquirement for poultry for aémpﬁimn by farmers and
scisntists, seems silent on the requirement for poultry
reised in aéges due tg want aﬁ‘suﬁficienﬁ infprmatign for

recommendation,

The regquiremsnt of nutrients 18 also reported to be
partially influenced by the genstic makeup of the bird.
This therefore means that for each genetic moterial iLhat
is being evolved for commeraial exploitation there should
ke simuitanecus assessment of its nutrient reguirement
atleast in reepect of éajoz nutrients before ths new germs
plasm is released. The All India Coecrdinated Research
project (AICRP) on Pmultéy £or Egge, Mannuthy centre hag
jdentified a strain cross White Leghorn chicken viz.,

WM x IWP as a possible cross for commercial emploitation
for egg production. It ie necessary to determine the energy
and protein reguirements of this strain coross sa4that whén
this 1s releesed Lhe farmégs can be advised on their

nutrient needs for economic productien. Thus, the present



study was taken up with the twin objective of asseseing
the dletary protein and ener@y requirements of caqed
layers in general and that of the strain cross IWUN x Iup
in particular under the hot humid olimatic conditions of

Ferala,
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REVIEW OF LITERATURE

Protein rich feed ingredients are costliecr ameng the
teed sourceés used in poultry feed manufacture and thevefore
they have toe be judiciously selected in the‘fmrmulation of
econcmic rations. Consequently, in recent years selentists
working in the area of poultry nutrition have been
attempting to arrive a2t bioleglcal optimum lavelg of protein
in ratione urder va:ioas'csnﬁuﬁi@ns for econemie production.
The p&ét@iﬁ seqairemsnts of laying hens are influenced by
verloug factors. The size, breed and strein of lavers,
environmentol temperature, stage 0ﬁ praducti6n, enexygy
eontent of diet, ﬁypé of housing system and the like
influences feed intake and ultimstely the dletary protein
requlrements. The following review is an attempt to throw
light on the recent resesrches that have been conducted
both in India and outside on the verious factore which
In€luence dietary protein andg energy regquirements of caged

lavers,

Requirement of Protein

"The response of four straing of egy rroducing birds on
diets containing three Aifferent protein levels viz,, 13,

15 snd 17 per cont was studied by Moreng gt al. (1364) who



claimed that strain differences existed in protein require=
mente, Duisenberry et gl. (1964} cbaerved that egy prodi-
ction was highest at 19 per cent protein level and body |
weight and gy size at 17 per cent. Internal egy qualitg
in terme of Haugh uvnit scores was highest at 15 per cent
protein level, VWhen protein content wag 15 per cent or
lower, body weight, egg size and feed efficlency were
depressed, ILowering protein level as laving advanced
reduced the egy size and body weight significantly but

tended to improve egg production and feed efficiency.

In an attempt to determine wheﬁher'genetic dilfferences,
if any, exist in protein requirements between four straing
of egg type stocks, Deaton and Duisenberry (1964) tried
four different protein combinations under two housing types,
The diets contained 17 and 14 per cont protein for 336 days
and a 17 per cent protein degreased to 14 per cent with ene
per cent ddergase gvery 56 Jdays untll 14 per cent was
reaached and 14 per cent increased to 17 per cent with an
increase of one per ééﬁ& every 56 dayz until 17 per <cent was
reached, The housing consisted of colony and individual
-wagess The results showed a highly significant strain x
protein interaction for average hen~day p?@ﬁaction, agy

welght and feed efficiency for birds in both housing types.



& nighly significant strain x protein interaction was found
for average body weight, Haugh unit score and shell thicke |
negs in individual cages. When only protein levels was
oonaldered, bixds housed in individual cages recciving the
increasing protein diet laid significantly more number of
098 with Bignificaﬁtly heavier @iy wéighﬁ and hetter faed
efficiency. Birds housed in colony cages lald more egas
with 2 bhetter fead.effigiency and signifigantly heavier

eggs when receiving & constant 17 per cent protein diet,

Feg@ex et al. {(1967) conducted two ex@erimﬁnts to
investigate the possible intererelationship between éietary
protein ang caleiummfor‘laying hens, In the first experi-
ment four levels of protein vig., 12, 14, 16 and 18 per cent
and two levels of caleiun viz., 2.4 and 3.5 per cent and
three levels of terephthalic acid (to potentiate cation)
ViZes O, 0,25 and 050 per cent vwere employed., The 12 per
gent protein diet résulited in significantly lewer eqqg
productlon, smaller eggs and poorer feed utilization then
the higher levels of protain. In the second esperiment,
three protein levels vis,, 13, 15 and 17 per cent ang threg
calciun levels viz., 2, 3 and 4 per cent were tried in
Eactorlal desicn, No aignificent differences Qere noted
for egyg production, feed utilization or egy welight between1

three levels of protein tested. They cotld not obzerve



any significant interaction bstween protein and caleium in
both the experiments. However, the results suggested that
the highest level of protein coupled with highest level of
calclum gave optimun perﬁorma@ce. Factorg affecting the
protein reqﬁir@menﬁs of layers was studied by Specers and
Balloun (1967) who concluded that there was a sionificant

gffect of straln on protein reguirement.

Owings et al. (1967) studied the influence of Aietary
gxbtein level and bird density 4in cages on egg preéucgidﬁ;
and liver fiatty acids. White Leghorn pulleis were housed
in 10" = 169 cages at two and three birds BEr CRge. ‘They
were fed with diets conteining three protein levels viz.,
164D, 17.5 and 19.0 per cent. The performence of birds fed
the above protein diets, respectively, was & mortality () -
9,03, 11.25 and 10.83; heneday egg production (%) - 63.5,
632 and 65,0y pounds of feed per dozen egos - 4,10, 4,25
and 4,14, There was no pronounced relzationship between
diets or concentrations of hens per cage on the distribution
of fatty aclds in the liver or the total amount of liver
livids,

While evaluating four cereal gralns (barley, oats,
wheat and corn) and three protein#lavel (10, 12,5 and 15,0 %)

combinations ﬁmr7layem perfopmance, Lillie and Denton {(15567)
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:';
observed that higher the protein level, the greater the‘%

T egg production and body welght gaine, irrespective e@'thé
graiﬂs Mortality was lower on 15 per cent than on lawer;
protein levels, Faed consumned per dozen eggs was graatanl
on 10 per cent than on hicher protein lzvels, ﬁlaylﬁck'i
et al. (1967) conducted three experiments to determine khé
protein requirement 6E the 1a§ing hen, Two expesrimente w%se
started during sumver and one during winter, Dietary pre#ein

- devels ranged from 13 to 21 per cemt, Daily feed inﬁaka‘%aa
ag Jow ag 77 g‘pek’bira per daé during summer months and %a

high as 118 g per bird per dey during wintér. This wide E

variation in daily feed intake due to snvironmental i
temperature resulted in & wide range of daily protein andi
energy intakes, The results also indlcated that the prctain
requirement of layers was probiably no hisﬁez than 14 g pﬁr
bird per day ag ratem of lay upto at least 80 paér cent. |
| Eog wéight was reduced qn;y ak préﬁein‘intakes,helmw 14 g

peyr bird per day.

i
[
~ Significant strain difference in protein requirements
was reported by Balloun and Speers (1965). iIn an attamnt[
to study the effect of different protein levels viz., 1&,;
16 ang 18 per cent on layer performancs in two gtraing of i
White Leghorns, Smith gt al. (1970) chbaerved sitnificant ?

differences with respect to henedsy egq grcduceimn, feed
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per kilogramme of eggs, averags ego weicht and 72 wesk
body weight, whereas no éigaiﬁieant\ﬁifﬁar@nees were
cbgerved with regard to fesd pﬁrvdaéeﬁ egas and laying
periéé mortality., B€fect of protein level on production
traita in the first and sacond halves of the 46 weeks
laying period was measured in three strains (Hunt and
Ritken, 1970}, Tha birds were fed with diets having
graded protein levele viz., 11, 13, 15 and 17 pex éﬁnt
having the same amiﬁ@ acid patterme. Birds from aach
protein level in the £irst half were rendomly divided into
four groups, each béing pleced on one of the four protein
levcls for the gecond half, Birds on 13 per cent protein
throughout lald significantly fewsr eggs then birds on 15

rer cent throughout, while 15 and 17 per o

1573

nt protelin wers
comparable, éirde startsd on 13 per cent and switched to
13 par cent were comparable to 15 per cent ﬁr@ﬁeiﬁ
throughout. O&train, protein and protein x stroin inter
action were significant for egs weight. A four per eent
ﬂhaagé in protein level affected ega weight while o two
per cent change did not, except when the change reéulted in
feeding of 11 per cent protein in which cage eg§~weight
decreased, Mortality was inversely propoxtionsl to:protein

level,
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In order to teat the hypothesis that light weight
birds require a different nutritional regime during the
lay period ihaen medlum and heavy weight birds of the same
straln, Fouwler and Quisenberry {1571) conducted a trial
&nd'reporﬁeé that heneday production was significantly
‘éiﬁferent between each weicht clasg and was positdively
correlated to pullet body weight., Small birds were slower
in atteining sexual maturity, Egg size vas éireatly related
o body welight, Livability was positively correlated to
Puil@t'bﬁﬁy.W@ighﬁa They alsio reported that Aincreasing the
protedn level resulted in a gignificaont increase ln hen-day
eqg production for tihe light weight birds but not with the
medium and heavy welght bhirds. Cumningham and Butta (1977)
conducted & study in which pullets were given for 17 waeks,
diets with 2.83 Keal metabolizable energy per g and 12,28,
14621, 16,07 oxr 17.95 per cent protelns Tgg preﬁﬁctieﬁ
increased as dictary wrotein increased and with 12 per cont
mrotein fewer and smaller eqggs were produced than the other

Alots.

The effects of feeding different protein levels and of
changing protein levels oén eqg production, egg welight, body
welght and feed intake were investicated by Fernandez st al.

{1973)Y. It was concluded that @ dist containing 13 per cent
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protein and supplemented with lysine and methionine was ag
effective as levels of 15, 17 and 18 per cent protein for
supporting optimum egy production and egg size. The effeeﬁ
of protein level on body welght gains varied. It was also
observed that egy production 4did not change significantly as
& result of changing protéin levels after elght or ten weeks
of production frem 18, 17 or 15 per cent protein to 15 or 15
per cent protein, Lawariﬁg the level of protein in the dist
after 18 weegks of production had no adverse effzcts on egg
production, The level of protein in the different treatments
did not affect egg welghte exgept when a dlet with 11,%

pel cept protein in which qase it was inferdor. Fesd intakes

for the different levels of protein fed birds werc equal,

Reid end Weber {(1973) conducted two experiments in
laying hens to evaluate the effects of environmental
tempersture on methionine and total protein needs, In the
£irgt study, blrds were housed at 21.1 or 32.2°C and fed diéts
containing 15.6 per cent protein with methionine plus cystine
levels of 0.3, 055, 0.59 per cent oy 20 per cent protein with
0629 per cent gulphur anine acids, Birds housed at 21.,1°0
aonsumed 12,5 to 14,0 g protein per day when fed the 15,6
per cent protein diet, while those on the 20 per cent protein
diet esnguméd 17.3 g protein per day. At higher temperature

fesd conaumption was reduged. In the second trial, protein
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intakes were equalised for birds housed at 21 and 35°C over
@ range of 12.7 to 205 g per day. Significant improvements
in egy preduction were obtained with increased protein
consumptlon at 21°C, while no such increase in production

was obtsined with increased protein intake at 35°%,

Tkacev ey al. (1973) mﬁined that hens of gix to cleven
months age réqﬁire a2 17 per cent arude prstéin layer dlet and
that can be reduced tﬁ 15 per cent between 11 and 15 monthe
gnd theceafteyr ia 13 per cent provided that the limiting
anino aeidﬂ are in sufficient amounts and in particular
lg ine, umumine acide and tryptophan, Kolsted and Lien (1974)
tried four levels of protein viz., 12, 14, 16 and 18 per cent
in layer diets and observed that the tendancy t@‘highar ey
praduction with higher protein content of the dist was not
si@nifiaant,nor was there a giomificant effect of protein
content of egy quality. Mean protedn utilizéticn wés 28.3
Per cent and‘varieélccnaiaerably with greéein content frcm:
3540 per cehnt with 12 per cent protein in the diet and 2249

per cent with 18 per cent protein.

In a ﬁtuﬁy, uixqﬁ and Ta?apmtra (1974) emploved £ive
protein levels from 14 to 28 per cent with 2377 to 2473 Keal
ME per kg d*nt. The yatioe of energy to protein varied from

84621 to 17.7:1. HNeither high nor low protcin content



favoured laying: The results indicated that about 20 per.
cent protein may give best egg production within diets ofi
metabolizable anergy arcund 2400 ¥eal rpar kg;ﬁ Zavgoradnyéya

and Rodicnova (1974) assessed the produative quality ana !

aittogen metabolism in purehred and crossbred hens on |
phaseﬁ feeding. leghoxn hens of € and D lines, kbskovakaya
of P and G G lines and thelr crosses were used., During thrﬁg
phagses of egg laying, from months one to thrde, four to n%ﬁé
and 10 to 12, each group of hens got a concentrate diet w%th
17 per cent protein (control) or a diet with 19, 19 or 15;
par gent at phases one, two or ihreé, respectively, Line C
leghorn and the hybrid hens given the control diet laid |
siznificantly more eggs and ate 1eas'pnetein'per'lo'egga ih
'331 the phases than tﬁs other birds. Thoge birds on the F‘
control diet 12id alightly more eg@a during a year than thé
aarraamenﬁing subgroup; for Leghorn D the angosita wasg trua.
nuring the third phase, birds on the 15 per cent protein diet
gave more but lighter egge than those on the control diet, )

|

Apart from at the 12th month of laying, with negative N .
&aiances, the Moskovskeya and Leghorn D hens on 15 per cent
. _ . )

protein diet all the other trials had positive N balances F

of 0.'12 to 2433 ¢ per day;

'  Thayer et 21, (1974) conducted twc feeding triala to

agsesa the dally protein intake rnquir&ment of laying henﬂ.
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In the £irst trial 18 diets provided éstimated protein intakes
Of 15 to 19,25 g and in the second 24 diets had four estimated
energy densities of 1,00 to 1.32 M7 and six estimated protein
intakes of 14 to 18 g given in 2 4 2 6 factorial design., The
protein intéke 4id not affect ggu production or weicht, but
weight gains at a dsily protein intake of 14 ¢ were signifi~
cently less than with intakes of 15 to 19 g, It was
concluded that 14 ¢ protein per day éauid be recomnended és a
mininmun intake for such bir@é, but that 15 g per day might
allow for varying conditions, no benefit beins derived £rom

higher intakes.

éhawla et a8l, (1975) studied the inflvence of climatic
gopditions on protein requirement of lavers and sugqéaﬁeﬂ
that for optimum egg production, the protein requirement of
#hite Leghorn pullets lies between 18,5 %o 21.6 per cent and
16,6 to 18,5 pexr cent protein in suwmer and winter months,
respectively, Caleulations based on ege produstion, feed
consumption and average egg welght indicated that the requires
ment oan be met by feeding rations containing 18 to 19 per
gont and 15 to 16'per cent protein in sumner and winter,
xesgﬁcéivaly. Pour fecding programmes with three aifferant
pﬁateiﬁ lavels in isocalovic diets viz., pfogramme‘one-lé
par Qeiit protein, programme twos. 19 per cent protvein,

programme three « 18 per cent protein, all fed from 22



through 70 weeks of age and programme four = 18 par cent
protein from 22 to 39 weeks, 17 prer cent protein from 40}
to 59 weeks and 16 per cent protein from S0 to 70 weeks,

. A ‘II
. Weres evaluated in brown egg type birds housed in qoges . |

o \ 3 | u
(Millar and sSmith, 1975)« A significant differcnce at five

per cent probabllity level was obssrved with respect to e@g
ng&ﬁétimﬁ, Birds on progfammé one, two and four had five
per cent greater production than birds on programne three,
Feed conzumed paé dozen egys was not statistically éifferént
: I

batueen the four feeding regimes, Similarly there was no:

statistical difference in egg weight between the Sour |
feeding programess - ?

v 1
I
'

. : ¥
In an experiment, four groups of White Leghorn lavers

were allotted four different protein dilets wize,s 12,5, 145#,
15,3 or 17.0 per cent and protein inoreased from 12.5 to i
170 pﬁr‘qﬁnﬁ.ar decreased from 17.0 to 12.5 per cent during
the yeadr, There was no significant difference in weight f

arong groups on the four censtant protein contents, but eg%
production on the hen-day basis wag greater with 14,0 per E
cent and alsevwith»ﬁhe increase in protein than with 12.5 ﬁ
DET QENL prétsin throughoul (angh_ané Rexle, 1978}, f
Babatunde and Tetuga (1976) conducted an éxgarimant with P
White Leghorn and White Rock hens employing five levels oﬁ?
protelin viaz., 12, 14, 16, 18 and 20 per cent undér trepica%

?‘.
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conditions and cobserved that hens-day production percentages
increased ypto the 16,0 per cent protein dlet and then
declined. Fead used for 12 egos also declined upto the 16,0
per cent protein and then increased slichtly. »ll the hens
gxcept those on the 139 per dent protein diet lost wedght to
varying degrees, thoge on the 12 per eegnt protein dist

losing most. As dietary protein inoreased, there were aionlw
£icent decreases in the percentage of egge weighing less than
40.0 g and those velghing between 40,0 and 49.0 ¢ and
increases in the percentage of egge weighing bstwesn 50,0

and 59.0 g and 60.0 g and above.

Roms and Herrick (1576) mbse:veé the performance of
kens £ad 14 and 16 per cent nrotein layer diets from I0 Lo
74 weeks, Body weight gain, but not agg production,
efficlency of production, egy welght or quakity, was signie
ficantly greater with 16 por cent protein., Wilth 8 view to
idontify the optimuwa protein lgvel for eaged layers,

Krueger et al. (1976) graded commercial egg tﬁp@ pullets into
A0, B and 'C' quality pullets based on degree of fleshing
and eac¢h class of pullels were pladed on three ddetary
regimes viz., 15 per caent protein phased upto 17 per cant
protain, 17 per cent protein fed throughout the expériment

and 18 pexr cent protein phased down to 16 per cent protein.
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Ho sionificant differences in rate of eqg production and
livability could be sttributed to the different feeding
regimes employed in the study, Feed qfficliency waa
consistently best in the groups receiving 17 per cent

protein.

Reid (1976) desicned a study to evaluate the dletary
protein intake needs of the laying hen during thres periods
of three months each, Six ewperimental diets varying in
protein content viz., 100, 11,5, 13,5, 15.5, 17.5 and 19,5
per cent were fed to pullets for a pericd of 36 weeks, The
data ware divided inte three phases of 12 weeks, There wag
no gtatigtical difference in egg prédﬁctimﬁvabtained with
dleta containing more than 13,5 per gent protsin, The
caleulated daily protein necds was found to be 17,08, 17.94
and 14494 g per day for the three phases 1o support eqq
produgtion levels of 83,6, 78.1 and 69.3 pey cent,
raegpectively. Tor the entire 356 weeks of thﬁlexpariment,
14,6 por cent &i@tary'protein wag adequata o support an eqg
production rate of 77 per cent at an average protein intake
of 16,54 g per hen per day. |

Chawla gt al. (1976) studied the protedn reduirement of
laying hens during summer (Moreoh €to July) and in winter
(September to Januaryl. White Leghiorn pullets were offered

diets having 12.8, 15.0, 16.6, 18.5 and 21,6 per cent protain,
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In summer, birds on diets one to five reached 50 pear cent
production when they were 175, 174, 173, 169 and 171 daya'
old and in winter 50 per cent production was reached whern
they were 198, 194, 195, 189,and 192 days old. In summer,
cunulative egg production for the 122«day pericd after 50
per cent production was 52,1, 55.4, 56,4, 84,4 and 656.6
par cent and in winkter it was 54.0, 66,0, 6647, 0.6 anﬁ
7342 per cent. Feed conversion efflciency was 3.48. 3.23,
2483, 2463 and 2.49 kg per kg 6oy in summer and 3.9%, 3.31,

3024, 2,594 and 2,92 kg por kg egg'iﬂ winker,

ﬁa expariment with three protein levels viz., 12, 15
and Ié per cent esch at three calcilum levels viz., 2.5, 3.5
and 4.5 per cent on Rhode Igland Bed cegsd layers was
conducted by Ameenuddin et al. {1576), Data on lo0eday
sxperimontal perlod showed that the hicheet eqg i roduction
was cbtained at 18 per cent protein, which was sicnificantly
suparior to that at the 12 or -15 per aent, ©gg quality
traita like albumen index, volk index, éh@ll thickness or
Haugh units vere not affeccted by the various protein levels
tegtad. In théee trlals, Rojas«Daporte {(1977) compared
arude protein levels of 18, 15 and 12 peér cent in layer diests,
In the £irst and third trial ego production and feed
efficiency were greatest with 18 per cent protein diet and

significantly less with 12 per cent protein level, In the
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sgaond trial 15 per cent protein fed birds performed hetter

then 18 per cent protein diet,

The effect of varying proportions of protein in th@n
dilet on quality of hens eggs was studied by Scholtyssek
{1977). The protein level of the diet ranged £rom 13 teo 19
per cent, With incressing protein, egg quality differed
iittle, the main changes being an inorsease in san weightl&nﬂ
a decline in albumen height. Thaere ware slicht chenges in
other egd criteria, Vhile studving the phace feeding of
pullets and laying hens kept in ceges, Iotsyus gt al. (1977)
opined that White Leghorn. birds fed with 19 per csnt crude
protedn showed best results from 154 to 336 days of age, 17
per cént orude protein from 337 to 430 §a§s and 15 per cent
crude protein afterwards. Control croup given o diet with
metabolizable energy 270 Keal per 100 ¢ and corude protein
i??% per aent at 300 days laid 12 to 17 per cent fewai eggs.
The test groups also gave seven to thiftteen per cent more
eggs at age 400 dayes. From 400 to S00 davs, eqgg yiéld
declined and otuﬂe‘pfatéin iﬁ,éieé was preduced to 15 per
gant with ME 300 Xeal perx 100 g. Controls gave slioghtly
heavier aggs, although the test groups produced egys of £irst
g:a-‘a@e Y .

Hamilton (1878) studled the cffects of dietary protein

lgvel on productive performsnce and egg quality of four



strains of White Leghorn hens. The effects of a mid-laying
. period reduction in dietary protein level was also studied.
Tpe.experiment wag divided inte two perlods, from 143 to )

. |
325 days and from 326 te 507 days of age. The hens on |

treatments one and two received diets contéining 17 and fS
per cent crude protein respectively during both periods.é
For treatment thres, the diects containéd 17 and 13 per ceht
protein and for treatment four, 15 and 13 per cent protein
during the first and second periods, respectively. The ﬁ
results of this experiment indicated that productive i
performance, €gg guality and shell qualiiy of White Legho%n
hens weére not affected when the level of dietary protein was
decreased from 17 to 13 per Cent at 325 days of age ar’whgn
the birds receélved a 15 per geént nrmtein diet £from 143 to.

504 days of age. o | .

laving hens were given isoenergetic diets with metabéliu
zable energy 2800 Keal per kg feed and with p:gtein’ll,_lé,
14 or 16 per ceaﬁ and the efficienéy of'utilizatién ef4fe%d
?rétein was studied (Yamazaki et al., 1979a). Retention of
. nitrogen wa&-eétimated when hens were 35, 46 and 57 weéksﬁ
olde. Except for the diet.: with 11 per cent protein, thereh
wag no significant difference in performancs amcng groups.h

The proportion of ingested N. which was retained, decreas ed,

as dietary protein inereased from 12 to 16 per cent and the
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Jecreass wag greater in younger birds, Efficiency of
protein utiligzation was affected by age and protein lﬁVﬁiw
In younger hens metabollsm of dletary cnergy was afﬁect@é
by dietary protein and it was suggested that the efficiency
of protein utilizetion affected the utilimation of dietary
gnergy. Yamazaki ot al. (1979b) conducted one more trial
'ta agsess the efficicncy of feed protedn utilization.
White Ieghorn laving hens were £ed with diets having 2700
Keal ME per kg and three levels of protein viz., 12, 14 or
16 per cent. Compared with the diet with 16 per cent
protein, the efficiency of protein Gkilization was 13 per
cent greater with i4 por cent protein and was 28 per csnt

greater with 12 per cent proteldn.

Richter et al. (1979) studled the crude protein requlree
ment of hybrid laying hens. From 23 to 74 weeks, White
Loghorn henhs in cages were glven dietn with crude protein
from 133 to 189 g per kg. Feed intake, laving perfazmancé
and egy weicht were not significantly affected by dictary
protein, although czude protein at 133 end 150 g per kg was
apsoaiated with slight redustion in laying performance, The
intake of grude protein and intake per 100 g egg welght
significantly inoreased as the protein in the diet lncreaged,
Idve weicht gain, mortality and ¢gg guality were not

affected by changes in the dietory protzin level, These
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workere suggested mean erude protein tequirements of 17.0
to 17.5 g daily for an output of 225 egas per bird upto 500
days of age.

Sixtesn dletary treatments including four protein,
four energy and eight caldiwn levels were fed 4o pullets in
an attempt to prevent the decline in shell quality as the hen
ages by reducing the narmal increase in egg welght while |
maintaining shell welght (Roland, 1980). Results shéwcd
that when pullets were fed diets warylng in protein from 20
to 1345 per cent with a minisum of 0453 per cent suiphur
smine acids and with varying energy and‘ealcium levals, eég
weight, shell welght, epegific gravity and eqgqg prcduetion'
were not significantly affected, Hewever, egg production
and egg weioht were significantly reduced when the protein
level wam lowered to 11.5 per cent, It was concluded thot
the rate of deerease in shell guality can be roduced or
prevented for atleast filve months by xeﬁuming the normal

inerease in egy size,

Optimun protein level for egg vroduction in three
atraing of ¥hite Lechorns was studied by Singh gt al. (1980).
Fach of these straing were divided inte four groups én@
provided with dists conteining 2700 ¥e2al per kg of ME and
24, 21, 18 and 15 per cent protein,respectively. Egg

production was significantly less on 15 per cent as compared



to other protein levels and significantly more on 24 per
cent as compared to 21 end 15 per cent. No significent |
ﬁifﬁ@réncé could he observed between 24 and 18 per cent
and hetween 21 and 18 per cent protein levels, Results
viﬂéicateﬂ that 18 per cent protein level in the dlet was
sdegquats in supporting egg production as » 21 or 24 per
cemt'proﬁein diet, Mean cgy weig-t was gignificantly less
en 1% and 18 par cent‘pratein than 21 and 24 ger'e@né
nrotein levels, thers belag no difference between 24 and 21
per cent protein le#ela. In &ell the strains eqgy weight
iﬂétﬂaseﬁ with an increase in the dlctary protein leval.
Feed congsumption was signdflcantly more on 15 per cent
protein diet and there was no diffeyence between 24, 21 and
18 per cent protein levels., Similarly feed efficiency wag
hast with 24 per cent protedn ration and decreased with

degreasing level) of protein in the diet.

In an experiment, &gy type puileté were fed isucaloric
dists containing 2710 Keal ME per kg and 16 and 18 per cent
protein each from thrée sources viz., plant plua animal,
plant and plant plus éethionine. Srowndnut gake. and £ish |
meal were used as plant and animal protein supplements,
raspﬁéﬁiveiyg Eag production, egg mass, body welght gadn

and fagd efficlency but not egg weighi, feed consumption and



nitrogen retention were significantly higher on higher

protein level {Rothe gt al., 1981),

Yamazaki gt al. (1982) studied the effect of dletary’
protein and age on N retention of layers by giving purified
whole egg protein at 12 to 21 per cent as the protein source.
At 30 wesks N retention increased with incieasinq daily
protein intakes and reached a2 maximum of 1000 mgy ¥ par hen
daily for an intake of about 14 g protein deily. At 37
weeks, maximum daily N retention was 1350 my,. reguirdng 17 g
dailly protein intake, At 46 weeks, N retention was izéo 3
with & daily protein inkake of 138 e At 61 weeks, mawimum
daily N #étenﬁi@n wag 1140 mg requiring a daidly protein
intake of 15 Gs The N retention e:pressed as perocntage was
42 at 30 weaks, 54 at 37 weseks, 5% ot 46 weeks and 46 ot 61

weeks of age,

Damian ¢t al, (1982) cérried out an investigation in
which laying hens were supplied with 18, 19 or 16 per cent
erude protein for the whole period or were given 20, 19 and
12 per cent crude proteln for 20 to 42 weeks, then 13, 17
and 16 per cent crude protein for 43 to 60 weeks and finally
is, 15 and 14 per cent orude protein for 61 to 72 wesks,
respactively, égg production was grester for hens éiVQn 13

or 17 pex cent crude protein throughout and for those oiven
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. 20, 19 and 18 per cent or 18, 17 and 16 per ceﬁh crute |
protein than for hans given 16 per cent orude pmteinL
thx@ugﬁgut or 16, 15 and 14 pér cent orude protein, Tgg |
waight was greater during the ;erioéiWhén\hhg graatest }
amaunt of protein was given. Mortality was greater £or E
“heas supplisd with low protein diet than those given high
pr@ﬁein diet. , ' : !

TWQ.expeximenta with nine strains of White Leghorn |

heng vere made to compare laying performsnce of hens given

a diet of uniform protein content or a phage Feeding dieﬁ;in

‘I

which protein content wag reduced £rom 156 to 148 and then

to 140 g per kg at 273 and 414 or 273 and 384 days of age
{Cava and Hamilton, 1582), Phase. feeding allowed deduaticna

Of 4.2 and 4.3 per cent in pratein intake without reducing
i
¢gg produstion, morta Wity or except 4in one strain, hedy |

weight. There was an inarease of 0.5 per cent in feed E
intakes but feed cost was reduced by 1.3 per cent, Dhase E
ﬁaading incieaseé Haugh units by 0.3 per cent., Influence E
of housing systems, stocking density snd protein leéela‘nnf

.||
productive traits in cnicken vas investigated by Rao pt ﬁlg

(1983) who reported that irreapectng cf the housing syatema
and densitiesa the birds with 18 per cent protein gave. siqni~
ficantlj better egg preductian than kirds on 15 mner cent

il
i
|
il
|

!

!

protein, The protein level had a signiﬁicant effect on |
' |

!



27

feed consumption in that the 18 per cent piotein fed birds
consumed signdficantly more feed than those on 15 per cent
protein level. In general the birds fed with 18 per cent
distary protein performed better than the birds fed with

15 per cent protain,

In an experiment, Vogt and Krisg (1983) ohaerved the
influence of dififerent crude protein levels (20.5, 10.4 or
13,4 ¢ daily) in the feed on the parfopmance of layiaé hens
and opined that with decreased protein intake, egg yield.gnd
feed efficiency were poorer but protein efficisncy ilmproved
by about eight per aenﬁ; Iaying heng were given practical
diets with varying protein levels viz., 16, 18, 20 and 22
per cent and concludsd that inoreasing protein from 16 t@flg
per cent increased average hen~day egy production significantly.
It was also reported that increasing protein heyond 18

per cent had no further sicnificant effeet (Onwudike, 1983),

While studying the factors influgncing early ego size,
Sunmers and Leeson (1%83) opined that incressing dietary |
protein or methionine level had 1little or no effect an egé
sire. The effect of sorghum tennin (low and high ) and
protein lavel (11.5 and 14,5 per cent) on the performance.
of laying hens maintained in two temperate environments
{22 and 28°C) were studied by Sall ek al. (1983), EBgy

production and feed efficlency were raduced and weight loss



wag increaaed by 11.5 per cent protein as compared with

3445 per cent protein,

The influence of dietary sand on the performance and
‘eg9g shell gquality of laying hens fed dscressing protein
regimes were investigated by How-iong Hsieh and Rewlapd
{1983}, laying hens were fed with diets containing 2850 |
¥oal ME per k@\ét three protein 1évels Vize, 15,0, 13.5 and
1240 per cent, diluted with either zerc or six per cent
buiiﬂeré aand. 'There‘wéa & ée@re&ﬁg in egg production as
dietary protein levels were rgéucéég Egg elze and bhody
welgnt decreased significantly wheg-gie?azy protain levels
wore rYedueed. When the zero and sixﬁn@f cent gand grouns
were conmbined, egg shell nercentame and feed cmﬁ%ersion

values were increaszed when dietary nr@t@in levels éecr&ased.

Pragad gt al. (1984) cbserved sigaificaatly superior
ey ﬁr@duwtian (66,22 per ‘enﬁ}'ib 18 per cent diectary
protein fed birds ap compared to those fed 15 per cent
dietazy protein (61,52 per cent). The protein levels had
no significant effect on feed coneumption. The birds fed
with 18 per vent dicta&y protein nad significantly better
ﬁaad.eﬁﬁicianay as compared to 15 per ceznt dictary proteln
fed birds. It was alse cbserved that there were no sionifis
Qant~éiﬁférénc@a iq body weight gains and per cent livability

of birds due o different protein levels studied,
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Reguirement of Energy

Energy content le considered as the most eritical
nutritional factor of & vation since the feed intake and
vherefore indirectly the iﬁtake of ether mutrienks is
igfiusﬁced to & majbr extent by its energy content, Like
protein, ensrgy requirement of chicken is dictated by
neny £a¢tars like age, eize,jetage of production and

environmental temperature.

Uaing three straing, Owings (1964) tested four Levalé
of produgtive energy viz., 775, 8%0, 935 and 1000 Calorias
per powxd of diet and ong level of added L-lysine with 2
1345 per cent pzatéin diet for ten 28«day periocds. During
first £ive poricds there was a sicnificant improvemsnt in
8gg production due to increased dietaery energy. Though this
trend was also noted during the last five periods, the
differences were not statistically significant, mncreaéiﬁ@
the Qletary energy significantly reduced the feed raquiredl
£O produce one dozen eggs durdng the £irst five periods.
This reduction was aloo ogbserved during the iast half of
the sxperiment but the differences were not significant,
Body weight was also significantly influenced by enerqgy

leval.



Coligado and Quiseﬁhergy (1967) compared an energy
phaéé feeding system with constant energy, using lavers
housed in cages of {wo sizes with three d@ﬁaitiea. The
birds fed constant energy received a 16 per cent protein
diet conteining 932 Calories while the enepgy phasa fed
birds regeived diets withh 1032 Calories for four, 28=day
- pariods, 982 Caléries for the next four and %932 fér the
remaining four. It wag observed that feesding & high encrgy
diet at the onsect of produntion significantly deprecsed
8gg number and body weight gain but inereased egg size ond
feed afficlency with no effect on mortality. IEnergy phase
fesding did not changs the carcasgs content of protein, Fat,
moisture; calcium,aﬁd phosphiorua but total agh was slichily

lower on energy phese fed birds,

Bxagg and Hodfjmon (1869) studied the effect of ﬂi@tary
- energy level on the performenge of taged layers, Dietary
treatments inclwﬁed three levels of metabolizeble energy
viz., 2794, 2570 and 2354 Keal per kg 'in fsonitrogencus
(156.2 yér cent proﬁein}'whgat~aagab@an meal laging rations.
The ration contalning 2354 Keal per kg was divided into two
parts and low energy‘&asﬁoﬁta;néé by adding wheat bran or

.

wheat straw at the eupense of wheat, yielding two dletary
treatments at the low energy level. The results ghowad no

difference in eqqg productien between the three levels of
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dletary energy or between low energy rations. Egg weight
decreased slightly from high o low dletary energy byt Ho
change was observed between the twe low energy rations,
Fead consumptieon increaged sionificantly as energy wes
degreazed in laying rations with a concomitant change in
efficiency of feed utilisetion. However, efficiency of
eneray utilizaticn improved as dicticry energy was deoreasud

£rom 2794 to 2354 ¥eoal per kg of the ration.

Palafox and Flegal (1970) employed Thite Leghorn
pullets raised under sublreplical condltion, frem 20 throuph
74 waeks of age, to study the effect of 16.per cent
protein ratlon containing graded concentrations of tallow
o ﬁraﬁiﬁe 2576, 2682, 27%8; 2884 and 3000 HZoal M8 per g
in the diet on efficlency of egy productich. Quileta fed
the 2894 Keoal ME por kg @let 1laid egoe at a significantly
higheyr rate than those fed 23576 and 3000 Kpal ME per kg
Aicte,. The birds fed 2682, 2788 and 2894 Xeal M2 oer kg
did not éifﬁer significantly with regard tm'ﬁﬁﬁ.ﬁreéuetiﬁﬁg
pullet baéy weight increased, wherces dally feed consumed
@ef agg produced decroased iine&rly with increosze in
dictary energy level, For optimum overall efficiency,
pullats fed the diet which contained 2894 Koel MI per kg

ware superior to others féd other lavels tested,



Relationship of dietary energy, egy number, fatty
iivar and tissue composition was studied by Palafox and
Flegal (1971). The birds were fad with 16 par cent
protein layer diets contalning O, 165, 30, 4.5 and 6,0
por cent tallows Patity liver inersased linsarly with
increase in dietary energy. Liver fat score of pullets
fed 4.5 and .0 per cent tallow was gionificantly hicher
than those of pullets fed zero per cent tallow, Correlam
tion studies ashowed that liver fat score wag positively
correlated with egg number, liver total linids and plasma

total lipids.

The Influenca of various dietary cnergy levels on feed
consumption, calorie intake and iiver fat content of White
Ieghorn hens meintained at & tomperature of 16.5°C was
determined by Ivy and Neshedm {(1971), The diety contained
1150, 1350 and 1550 Calories M par pound with an identical
caloris~protein ratio. Daily feed concumnbion inoreased
indtially wﬁeﬁ hens were switched te the high energy diet,
then declined to below the intake of the intermediate energy
group within 7-10 days, During the same period the feed
intake of hene fed the low energy dict plateauved, alﬁhmugh'
- dailly calorie intake was below for beth hicher evnesrgy

treatments. The low energy fed birds had a significantly
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lower liver f£at content than the other two treatments,
No difference in liver fat wontent was observed hetween

hens receiving intermediate and high energy diets,

Chauhan et al. (1972) conducted a study in which 18
heng were fed on diects with 15 to 16 per cent mrotein and
2850, 3152 or 3350 Heal ME per kg for 54 daye and reported
that theAaifﬁergnt energy -levels studied did not have any;
infivence neither on sgg production nor on eqgyg qualliv. |
In order to relate egy produsticn at hich temperature to
the daily energy inteks, Wilson et al, (1973) conducted an
gxperinent undsr cmnﬁrelled tempazatufe conditiong with |
Leghorn pullets, The birds were fed rations of either 23200,
2600, 2800 or 3500 Keal per kg of ME and kept at tempera-
tures of elther 15, 26,7 or 32°C for either £ive or 14 doys.
The results obtailned re?aalﬁ& diﬁﬁerenaae in the enargy
intake on egy forming days in contyast with the intake of
non=eqg forming days., The layers did nipt adjust theiy
calorie intake to the energy level of the feed. Based on
the resulis obtainsd, the authors stated that the acsuracy
of estimates of encrgy requirements, based on averages wheﬁ

the temperature was not controlled appearsd guesticnable,

In a factorial trial seven monthe old dwarf and normal

laying hens ware kept at 22° or 307 and were given
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metabolizable energy intakes of 250 and 350 Keal per 114 g
'Eeed,‘ The ﬁigher energy content and the higher temperature
each redued feed intake by both types of hens, Hewever,
actual energ? intake wag not raduced by high enerqgy fesd:
but was redwed by heat, EBog gﬁ@éﬁaéian was adversely
affacted by high energy dist (Ahmad st al., 1974). The
influence of different 1@?@1@ of cnergy viz., 2829 or
3GIQJRba1 ME per kg and lyelne wiz,, QQ63;-9.75 or 0.85
pey cent on the egy yield of laying hens was investigated
by G@nﬁms.gg als (1975)*‘ gy production was not signifiw
ﬂéantly affected by ﬁiﬁf@renu diets but tended to incrense
for heps given 3010 Kaoal psr kge Peed intake Eér-uniﬁ
weloht of egas produced tended to Be lesg in those glven :
3010 Koal per kg, There were more deathes amdnyg hens oiven

3010 than among thoga given 28300 Feal per kg,

~In a trial, Petersen (1975) reduced the energy intake
of ﬁens by the additlon of high fibrg, low ernergy ingre-
dients such as barley, wheat bren and barley hulls, from
300 to 340 Keal ME per bird daily to 230 to 240 Keal,
Laving houde temgeratureé Aiffered,. There ware little
differences in egg production or ego size, In @ further
five years study, all birds got the sane dailv intake of

all nutrients and guantity of feed, the only variasble
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‘beiﬂ@ §Veraga gaily intoke of energy. Inergy intak&{gaa
200 to 300 Koal MB per bird and houde temperaturea were |
50, GQ; 70 end 86°F, Egg production rangeé.frnﬁ 46,? tcﬁ
80s1 pﬁr cent; Results were poorest with the lowest T

energy intake at lowest tempsratﬁres,’ When the éaily |

ll

intake of energy wasg 269 Keal ME pe¥ bind, e€gg yroductioﬂ
was 75454 7548, 77.2 and 80;1 per cont at houss &

temperatures of 50, 60, %0 and 80°F, respectiively, J

Corresponding values for eqy veiont ware 56,5, 5647, 56.3
anﬁ 55.7 De

f

[
|

1

i.
ﬁuke gt al, (1975) conducted an ewperim@nt with four
¥hite and six brown breeds kept in deen 1itter or cages on

ﬁiets af 2650 or 2800 Keal ME per kg to assess their

performangde.  The low sporgy diet resulted in a doubled

- mortality rate and surprisingly there were more deaths |
|l

dué to fatty liver syndrome, There was only very little

difference between the different ensrgy fed birds in .j

It

resnuct of the number of egge, the egy wmass and the lawind
neroentages Peed congsumption per adg undt was not aignifir_
cantly difﬁerénﬁ betwgaﬁ diffarent dlets, The possible ﬁ
1n£lugnce of d1E£arent enérgy levels on f£at deposition in f
'the.livar of laving ﬁena wag investigated by Haptflel and !
Tuller (1975), For 24 weeks the Sirds were given feeds l
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with ME 2509,-2709 or 2500 Keal per kg. Yith the low -
le1erg; fegd they logt 90 g Lmdy welght each and laying
decreassd by five per <ant, Inergy consumption per unit
eqy substance was £airly si{miler.. Enepgy intake per bird
was 284, 299 and 305 Keal, oo that the extra-anergy
available above egg production was 209, 219 and 222 Xeal,

which mioht explain the incerease in liver fat,

Lillte gt al. (1976) determined the dletary enerqy
requirements of caged lﬁvers ag influsnced by relative
huﬁiéity and temperuture variations. ALl Llrds were
“&£§DSC6 to a 14 hour lisht ragime anu to ong of four
relaﬁiVE numiﬁity levels vizm., 50, 60, 70 and 80 per cent
and one of thrée dry bulb temperatures viz,, 13.0, 21.5
angd 29.5°C, Is@nitrogenaus diets of varving energy levels
viz., 3080, 2648 and 2220 cal ME @ez by were fed
ad libitum. égg préﬁumaion wag significently greater on
the low energy diet than on the high energy diet (2/0.013.
The intermediate energy diet did not differ 3ignifi¢aﬁely
from the other twe dietary energy levele in this respect.
The high enerqgy diet ﬁesulted in lower egg welghts (EQQ.QEi
than aid the intermediate and low ehergy dists. Specific
gravity score and Haugh units vers uneffected by dietargy

energy y2n inveXse ypelationship was observed betwesh
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dietary energy and feed intake that was congistent among

thirea snergy levels. The differences were significant,

oo (1976)'eanducﬁe@ an experimeﬁt in which laying’
hens of 47 weeks of age werg offered fouy iscensrgetic |
diets eilther full Ffed or about seven, 14 angd 21 per cent
less than fully fed control hens, ﬁastﬁic&ing the enargy
intake by gseven por cent, giving an estimoted daily snergy
intake of 273 ﬁ@al ME resulted in egy production and eggy
.mﬂss output eguivalent to the contral, Graater‘iestrictian
deprogdsed egg production and egg mass oubput, Teed
efficiency was improved by energy restriction. Ugg welghts
were not affected by ensrgy restriction. In the restrictéd

heng body welcht gains were lesa,

Palafox {(1877) cbscrved the cffect of increasing dietary
energy levels on performance of laving pullets, White
Lechorn pullets were given diets with 16 per cent orude
protein and metabolizable cnergy 2576, 2682, 2788, 2894 or
3000 Koal per Kdge As metabolizable eénergy increéased body
waicht algo increased, but dally intake of ﬁaeé and protein
and per egg decreased, Best overall efficlency was
- ohserved with FE 2094 XKool per ko diets Two levels of bird
“Jengity viz., four and five birds per 18" m= 167 cage and
aix levels of energy conzentration vize, 23000, 2925, 295@;|

2775 and 2625 Keal ME per kg were tried in commercial
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pullets to assess their performance {(Hinners gg,gé,;l???j.
Per esnt hen-day egg production (77.7) was the highest

and per¥ cent mortality (9.12), feed cﬁnﬁumﬁé per dozen egos
{1.79 ko) and Kiiocalories of ME (414) per egg were lowest

at the 2775 Koal level. Feed consumed per hen @er any I
{(112,8g) was the lowest at the highest energy level, but
Rilocalories consumed per hen per day {(311,3) was the

lowaeet at the lowest enercy level,

To determifie the snergy and protsin,raquiﬁémenta of
laying hens, Sunmmers and leeson {1578) carried cuk & stuﬁﬁ
in which Wnite Leghorn pullets were fed diet with 17,8
per cent crude protedn and verying metabolimable energy
levels of 3085, 2060, 2640 and 2420 Keal per kg. It was
revorted that egyg production, egg welght and conversion of
feed to egg mass wag not affeoted by the dlet, Pullets on
the dlets with mest energy took 42 Xeal swre daily than
those on the diet with least energy and this zesgulted in a
difference of 15 per cent in body weicht. Inoreased proteln
intake assowciated with the low energy diet Jid nobt lmprove
performance.

The production performance of hens as influenced by
dictary energy at verying temperstures was studied by

Vohra gt als (1978), Diets containing 2830 and 1580 Keal
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per kg {(high and low ensrgy, respectivaly) wers fed to
Laghorn hens kept at 15,6 apnd 26¢7°C‘ambiemt.temper&ﬁure%e
The everage metabolizaeble energy intakes per day were 231
and 287 Kceal 2t 15.6°C and 200 and 242 ¥oal at 26,7°C Sog
the low and hich energy diets respectively, Within thiav
temperature range, the feed intéke decreased by 1.21 and
1.41 per cent per ong degrea C rise in amblent temperatuée
for the low and high energy diets xeaﬁe@tivelﬁa Neiﬁher‘
egy producticn nor shell thickness wag influenced by the
treatments, but egy weight was significantly depressed =%
26,7°C as compared to thoge at 1546°C, %he'éﬁaxgetim
efficiency wag increesad for the gonversion of ME intake to
eyg energy either by increasing the ambleint temperature a&

by lowering the dietary MS.

Effect of distary ensrgy concgntration on the performance
af heavy aéé type hens at various densities 4n coages wag
studied by Carew gt al. {19080). Three Qietary energy levels
viz., 2737, 3003 and 3322 Kaal ME yeﬁ ko w@?& enmployed at
densities of 1320, 660 and 440 on® of floar area per hen,
Eﬁgtéry energy levels tested did nov gignificantly olter
overall hen-day egg productiof. Hﬁwev@r, @gg'pfaﬁuctiwm o8 .
the highest dletary energy level declined more rapidly in

the latter monthz. Therefore, a high dietary energy content



wes not conducive to sustalned egg production, There was
ﬁe sicnificant interaation heéwean hen Gensity and. 1
Adetary energy leval, Aa d&etarj eneryy level iacreaaan.'
£pal intake ﬁeereasgﬂ and ferd efficiéncy increasmad, Th%
highest éieta?y apergy ¢aused an &n@tﬁaﬁe 1n-eg¢ aiﬁe ?~
ﬁurinr the miﬁ part of the exnerimenta @therwise, enarqy;
1ave1 did not aﬁfeat egg weight, shell strength, Haugh
unite or blagﬂ and meat spots, It was-canclud&@ that ?
feeding of high cnergy r&tians tavhanﬁ'houaed-ﬂé high
densities in cages may not be advisable, since egg produc %

tion consistently got Jowered under these conditions. ‘

- Fotoohi gg,g;} {1930) investigated the biologlcal and
economic impact of certain feeding ragimes on commercial E
259 type hens. Two lsonltrogenous dicts, viz., 1547 ﬁ

!
par cent proteln and 2728 or 2828 Keal M2 per kg fed to

- large and small body eized hens from the B&ﬂﬂ Crosy prn&ugad
gimiler rates of egg ptaductian; £eed per dozen eggs, eggé
welcht and livability. Hens on the hich energy dist |
produced eggs with the thickest ghella, An aconomic cvaldau
“tion suggested thet smeller sized hans performed more ﬁ
profitably on tne low energy éiﬂt, while large hens gtmduﬁeﬁ
greater profit when f£ed the high energy eiet. Rowland et al,.

K
{1980} studied the effect of varying energy levels viz,, |

|
\
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2650, 2725 and 2800 Koal MB per kg on the calorice efficie
enay and indiceted that with an increase in the esleoric
content £rom 2650 to 2000 Moal there was o 5.5 per cent

improvement in calerie effleiencys

Four straing of White Leghorng wers giveﬁ 100 g glet
daily with protein 16 per cent and meiabalizable énergy
2800 or 3000 Keal ME per kde Eégs wele c@liec@%ﬂ randomly
throughout the laying pericd énﬁ stored in groups of 200
for zero, three, seven or fourtemn days &t 239, It was
obgerved that egy guallty and y@lk'ehwlésﬁerol were not
sionificently affcoted by energy level of the diet |

{Campos and Ferreira, 198l1).

In &wo expariments; Eluinger (1981) tried different
energy levela.viz., 10:7, Ii.z, 11.7 or 12.2 ﬁJ paf ko with
three strains on egg production, It was observed that
Ancreasing the dietary energy content resulted in a lineax
ircorease in energy lntake, heaviaﬁ cqgs, improved feed
conversion efﬁiciencylbut DONEer energy conversion
efficiency, increased body weilghta and more abdominal fat

and poorer feather condition,
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Enerqgy @ Frotein ratio

The importance of protein and engrgy and their intera
relationship have been fairly well established. Several
studies have been conducted under a varlety of exp@timeﬁtél
conditions with a viaw to arpive at @gtimum calorie-protain
levels for best production performances. Inspite of the
voluminous research f£indings, one cannct pogsibly pinpoint
the exact requirements of these well established nutrients,
prozably dug to the exlating micro and macro-envivonments
in the experimental flocks. In order to highlight the
available information, works related to engrgye-protein

ratios are reviewed here,

Me Daniel gt sle (1959) studied the effect of dictary
fat, caloric intake and protein level on the performence
and occurrence of fatty liver syndrome in caged laysts,
Three levels of protein viz., 15, 20 and 25 per cent were -
gmploved and each level was fed at ensrgy levels of 750 and
560 Calories productive enerqgy per pound. The 15, 20 and
25 per cent protein levels were also fed at energy levels
of 540, 880 and 800 Calories PD per pound, reepectively,
Resultﬁfyh@weﬁ that the three protzin lavels fed at eneray
levels from 750 to 960 Cialories per pound Aid not show any
significant influence on egy production. Sicnificant

differences in seyum cholegtercl were found te exist between
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protein levels fecd and to be significantly corrslated
{positively) with total liver fat, par cent iiver fat,
gerum lipid phosphorus, total gerun protein and total
serum albumen. Dietary protein and ensrgy levels atudied

did not have any effect on total serum lipid levels,

Three intake levals gach of pratein; energy and
vitaminemineral mixture upon the performance of laying hens
were investigateé by Gleaves gt al. {1567)s Yor meximuen
eqg production, energy conswumption apnroximated 323
kilocalories of ME during the £irst 52 weeks of aég produgt-
tion, 294 Keal fram 53 to 76th week of egg production and.
an overall intake of 318 Heal of ME per hen per day Suring
the entire 76 weéks‘egg production periods Protein intoke
per hen per day for the gmme tim@ intervals were 17.6, 15:¢
and 17.1 g, respectively. A alight inerease in egg welghi
was observed as energy and protcin consumption vere J
- increased, [Maximum egg weight was nat obtained with those
efiergy and protein cohsumption Qevels which supported
maximum levels of egy producktion. However, these differences
were relatively small. A gain in body veight wao observed
with thoge energy consumption levels which produced moximum

levels of egg production.

Speers and Balloun {1967) reported that there woe a

distinct difference of protein rveéguirements hetween



differenﬁiétrains of White lLeghorn hens, Two gtrains
performad wall on @ 15 per cent protein ot an ghergy
level of 2860 Keal ME per kg, wheress another gtrain
required only a 13 per cent diet, Vhen onergy wasg
increased to 31%0 Keal, all the strains r@quireé higher

protein levels.

Quisenberry gt 2l. (1967) compared energy and proteih
phase feedlng with conatant diets using commercial pullets
housed in cages. Protein levels of 16, 17 and 18 per cent
and productive energy of 927, 932, 936, 946, 582, 1000 and
1032 Calories were umed, Iﬁ was obgeryved that a combination
of energy and protein phase fesding was supsrior to eithﬁ:
“alone. Protein phase feeding resulted in hicher eguy
production, lover weight, same egy pise, d3ily feed and
prntein consumption, but fe%&r ealoriss than cnergy nhase

Ffeedint.

Creck (1970) explained the methemotical analysgis of
protein and energy reguirements., <Calculstions revealéd
that the slope of the ¢alorigeprotein ratio for & corne
soyabean meal blend variss considerably more with respect
to change in nubtrient quality with adult birds or laying
hens then it does in the broiler range., Thus the caloriew

protein ratle does not have & congtant meoning at nractical
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p@iﬂﬁsa: Expt@@ﬂiaﬂ-@ﬁ.énergyupreteinjreiatianzhipé in |
terms of “per cent protein per megaealorie” showed qgitaﬁ
clearly that the slope is ;elatively conatant and has i
equivalant meaning. It was recommended that protein be |
| expressed as "per cent per megacalsorie” rather than the |
aalorie-protein ratié.
Three experiments were conducted to examine the |
effecte of three levels of dietary protein viz., 13, 16
and 19 g, three lavels of dietary energy, viz,., 259, 275
and 300 RKaal Mﬁ, volume, welght and eﬁvironméntai

temperature upon feed conoumption and certain preduction

anaracteristics in laying chickens {(Gleavas and Dewen, :
\

1971). Dietary protein and gnergy did nct exert a sigﬂifi~

cent influence on feed canaumbtion. As dietary energy. waa
increased feeﬂ 1ntake aecraaqed, but the effect was not i

sicnificent becauyse of the small range of levels used. L

E&etary protein and enerqy significantly influenced P i
livebility. Iivability was gpnerally best among hens thaﬂ
were f£ad the two hicher levels of dletary protein ie., 16{
and 19 g. Livability was glanificantly influenced by }
dietary energy only in the summer experiments, in that i
nase as diﬁﬁarv ensrgy was increased, livability dearsased.
As dictary protein was increased egg production incre2sed L

!
significantly, along with a sicnificant increase in body

S



weight gain, The effect of energy wasg aicnificant only 15
the enerqgy x volume fastorial trial, In this case pody |

welght gain increased as dietary energy was increased.

Gardher and Young (1971) stuﬂied the effect of four ?
ﬁietary protein and two energy lavels on the chemical andu
phyeical compositicn of the agg and reported that |
increasing the dietary protein level £roem 12 to 13 ﬁar ?
Sent resylted in an incrcasa in total egg weight and in :
the weight of all egg components, Increasing the dietary
energy level £ram o47 to 1003 Calories per pound pr@@uced|

enly minor ﬁffacts on relative weight of egq ccmpanent parta.
f

Sadagopan et al. (1971) investigated the effect of
dififerent levels of protein, energy and thair ralaticﬂahig‘
on egy praduction and feed amnveralon on dlets eantaini tf
mediuwg and high energy levels with feu; levels of proteinl
viz., 12, 15, 18‘and 20 per cent in White Leghorn nulleta.{
There was no aignificant dif€erence on eqga production withk
diets cantaining 15, 18 and 20 per cent protein with meﬂium
and high erergy levels ie,, widsning the calorie-protein
ratio £rom 135¢1 té 17911 (Keal MR per kg'to per cent
protein)s But widening the ratio from 179:1 to 206:1 at {
15 per cent prételn level . showed a slight decreage in egg .|
productions Feod r@quiredlta_praduce one kilogromme and

one Jdozen e€ggs wes progressively decreased as the protein
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| |

content of the diet increasea. Though inereasing the - |
enc:gy content in the game protein seriaes Aid not affect‘
tha €99 production the féed efficiency was 1mproved. i

However, maxzimum feed efficiency was observed with ratinns

(

containing 148:1 to 16131 ratio=s at 18 and 20 per cent f

preﬁezn.levcla,

Yoshida and Hoshii (1572) reportea'that abdominal ]
fat of hens increased with the hich enercy diets and
- decrassed with the low energy dlets, Dietary protein
level had little effect on ahdominal £at, ﬁith.ahickang E
the diets with lese energy resulted in lese abdominal fat |
and the extra protein iﬂ4ﬁhe diet alsgo reduced abdominal f
fats, The protein and energy requirements of laying hens;
in summet temperature was datermined by Rybina and 'f
Reshetova {19725, The hens were fed rations contelining i
protein ranging from 13.0 to 19.% per cent and energy fraﬁ
260 to 304 Keal M2 per 109 4. Averagé monthly temperaturek
£or the trial was above 20° from June to October and from ?
26.7° to 32,4°C in July and August. The groups given L
protein 19.6 per cent and snergy 304 Roal had the highest ;
avﬁtage summer eqg yield at 72 per cent, with 73 and TEeS !
per cent,respectively, in July and August, Egg praductionr

. for the groups given 17 per cent protein and 271 Keal
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anergy or the normsl protein and energy levels for caged
layera, was from 5.6 to 10 per cent less than yleld for
the groups given high protein and evergy levels. There
was a definite poasitive relation between waeight of ego and
level of protein in the feed, The groups given protein

16,9 per cant and energy 301 ¥eel had the lowest feed intake,

Harunajeewe (1972) studlad the effect of twp protein
levels viz., 15 2nd 17 per cent cach with two eneray
levels wize, 2660 Hﬁﬂ 2340 Hoal ME per kg on the performancs
of three strains of different kody weightse Birds of
glther level of protein laid at similar rates and had
similer agg gredggé@mn on hen housed basgis, Birds aiven
more enargy iald mS;;“eggs on- hen houvead hasis than those
glven less energy. Egg size of dlfferent strains differed.
There was & signiffcant interaction between protein and
anergy content on egg weights. Fogs were lichter when 17
per cent protein wos given with lesg energy. Birds fed
15 per cent crude protelin with 2840 Keal M2 per ky wae ths

most efficient in this trial,

Gleaves et al, (1973) conducted two experiments to
¢stimate the maintenance levels of protein and energy and
the effect of eqgg production upon feed consunption of
laging hen, Twentyeight week 0ld pullets were fed nine

different 120 g dists containing all combinations of
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12, 13 and 16 ¢ proteln and 200, 250 and 300 Koal of ME.
The £irst experiment included normal and overilectomized
pullets under controlled environmental temparature. The.
seaend experiment included normal and progesterone

injected pullets under controlled environmental temperature,
Average pr@auéticn was 0.189, 04085 and (.740 eggs per hen

per da

£

-t

for the overlectomized, progesterone injected and
normal hens, respectively. Dody weight gain éaa 068, 0.6°
and le14 g per hen per day for the reswective trestments,
'Feed intake levels were sionificantly different at cach
enexgy level, There was ng significaﬁﬁ effect of protein
upon faed intake. Fgy productlon for normel and "nofie
laying® hens increased slonificantly with ecch inorease in

dietsry protéin.

5 experiment wasg c@méueted to compare the laying
performance of seven strains of White Leghorns housed in
cages under twe Qifferent intensitice when £ed seven diets
Aiffering in protein (ranged from 11.1 to 16.5 per cent)
and enargy (rahged from 2590 to 2860 Koal ME per kg) levels
(hitken gt al., 1973). It was concluded that protein |
Intake was the‘dietaxy f£actor mogt closely assoclated with
large effects of diets on gains in body weight, eqy

production, egy size, feed conversion and slbumen height,



Average dally crude protein intoke of 17 ¢ for the laying
year’appearéd adequate and there was né slonfficant strain
difference in dietary effects, Lffect of wation oh ey
quality at 450 deys of age was relatively minor. The low
level of protein was associated with smaller egg size, a
lover rate of production and hence with hicher albumen

height and Haugh unit score.

With the ocbiective of déetermining dietary protein and
energy réquiramént of laying hens in the trapic, Hhoo (1974)
conducted @ trial in which birds were freely offered six
diete with protein 15, 17 or 19 per cent and metaboligable
energy 2.5 er 2,8 Heal per g, It was feun& that fox
highest egg production daily intske of 280 to 300 Xeal MR
per hen was requiréﬁ. A diet with protein 15 per cent and
ME 2.8 Keal per g was found to be adequate for good egy
production and feed efficiency expreassed os kg feed per
dozen eggs or g fced per g €. ?ggtein of anergy counkent
of the digt had no significant effect on sgg production,
albumen helght or shell guality; hﬁwefer; there was on
interacting effoct of protelin and snergy ﬁn egq welcht.
Mean body welght gain was grester with 2.8 than with 2,6

 Keal per ¢ diet,
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The effect of three energy levels, viz., 2850, 2750
and 3050 Keal ME par kg each with two protein levals viz?.
15 an& 18 per cent on the performance of cuged layers in
the tropica has been lnvestigated by Sugandl st al.
{1978). The trial lastsd for ong year and the average
monthly temperatures during the laying year ranged f£rom
125,6° to 26,5°C. Pullats on higher protein levels laid
significantly more eggs (F/Q.01) ﬁhan»thése on the lowar
protein level, The groups £ed the higher protein levels
consumed 17 to 18 g of protein per bird per day and those
fed the lower level consumed 13 to 13 g. EBEgg production
at the highest energy level as significantly lover (P/0.085)
than at the two lower energy levels which d4id not 6iﬁ£erl
£rom sach other. Peed converasion was significantly
better (B/0.01) with the higher protein level than the
lower one. Increasing the dletary snergy level resulted
in a highly significant decrease (B/0.01) in feed eunsump-
tion, Feed consumption of birds fed the higher protein
wag greatar (F/0.01) than that of birds fed thé lover
levela, Egg welghts increased slowly during the vear and
reached a plateaun with no sherp decrease at any timve.
Shell thickness and Heugh unite declined some what during
the year. Egg welght, shell thickness and Haugh unlts

were gimilar to reported temperate zons valuwes, This



experiment supported the use of 17.5 per cent rather than
15 per cent protein and en energy level of 2650 or 2850

Kol of ME per ko.

Ivy and Gleaves (1976) conducted an experiment to
estimate the minimun protein and energy regulrements of
laying hens at different production levels. FEgg
production leve ls of 4.2, 20,8, 49,1 and 70.5 per cent
were actually obtained with progestercne therapy. The
effects of eggy production levsl and dictary energy level
on feed consumptich were statistieally significant, As
egy production increased feed intake lncreased and ag
enerqgy lavel increased feed intake decreased, The protein
and energy consumpticn at egg productdon levaels of 4,2,
20,8, 49:1 and TD.5 per cent were 9,3 and 182, 11.4 and
197, 312.5 and 250 and 13,5 g and 269 Meal ME per kg,
respectively. The maintenance rsguirement was estimated |
to be 6.1 ¢ of protein end 156 Koal ME per hen per day,

It appearad that 15 ¢ of protein and 299 Keal ME per hen
per day would be adsquate for birds producing 80 per cent
oy more, 2As egg preduction declined to 70 per cent,

13,5 g of protein and 289 Keal M pecsmed adeqguate., Finally,
when production declined to 50 per cent, 12.5 g'of protelin

and 250 Keal MP per hen per day appoared to bhe sufficient,
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Mathey gt ai. (1976) cérxied out an experiment to
gtudy the influence of dietary energy, protein and
gnvironmental tem@agatuxe on £eed intake and hen perfor-
man@d.s he treatments acnsiateﬁfaé three levels cagh of
éﬂﬁfgyTVi24; 200, 250 and 300 Keal ME and protein viz.,

13, 16 and 19 g in 120 g feed and two envivonmental
ﬁémpexatures viz., 14 and 30°C, Thers was a significant
inverse relatimﬁ$hipvbeaWeeﬁ dietary eneryy level and

feed intaké and protein intake and @ positive relaotionship
with body welght chénge. The energy intake of henz on thé
low energy dieta was gignificently lower than for the ‘
nediunm and high.enﬁrgy diets. The treatments Jdid not signi-
fimungly influence egg production, albumen height, Haugh |

uriite and livabdlity.

Hybrid laying hens were offered for eignht wecks with
one of the three diets, with erude mr@tein 17, ¥7. 7 oxr
18,3 per cent and metabolizable enexgy 2750, 2860 or 29?3
¥l ygr ko, eech eontaining thres, four of five per cent
galeiun (Halaj and Kovag, 1976). With increasing protein
and energy eqg weloht tended to £all but salcium content
haﬂ,ﬁ@ effect,

The effect of three lovsla of calcium.viz., 1.8, 3.6
and 544 g, three levels of proteln viz., 13, 16 end 19 g

and three levels of M wiz., 200, 250 and 300 Keal in 120 g
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facd on feed intake, eug shell guality and hen performance
wag studiecd by Gleaves gt al. (1577). ﬁveraée sgg
production was best with diets containing 1? ] pratwin,.l
200 ¥Yoal ME and S.4 o calcium. Voluntéry feed intake was
influenced sicnificantly by distary energy ond protein,

As protein level was increased, egy produstion increased
and consequently feed intake increased, Protein was the
only varialle that signifieantiyvafﬁeaﬁeélegg waeignt, Hans
fed the low level of protein produced asggs that were 0,28
to 1.5 g lower in welght than hens €ed ﬁée other two
protein levels, The hems on the high levels produced
lichter welght eggs than those fed the intermediate laval,
vut the effect was not significant. There wes & gradwil
but 3ign;£icant improvement in albhmﬁn helght as é&ﬁtary

protein increased, -

Vyas et al. (1977) tried two levels of ddatary ensrgy
Vize, 2650 and 3400 Xeal MB per kg dlet cuch with two levels
of protein viz., 16 and 22 per cent in caged layers, It
was observed that the dict with less energy and more protein
gave fewer eggs than the othere in the oold month of
Jenuary and move than others in October and March, Hens
given it required more protein per 12 egys than the other

aroups. Diet had no significant effect on size of eJyus.
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Mohan et al. (1977) had taken up 2 4 x 4 factorial
sxpariment with 11, 13,,15 and 17’é6f.cﬂnh Aletary .
srotein levele, each with 2550, 2650, 2750 and 2850 Keoal
MEZ per kg to £ind out the relationship of protein and
gnergy in caged layers. The results showed a signific&ntly
heattey egg production and feed efficiency on 15 and 17
pexr éent dictayy protedn ievélnaa c@mpéred'ta 11 or 13
per gent éietaty protein level., The proteln x energ§
interaction or increase in energy level in diet Gdid not
haye any siondficant effeft on feed efficiency but affected
the egy production. The averayge egg weight and bedy welght
gein increased with corresponding increase in protedn
level. With the increase in protein level fram 11 to 131
DET maﬁt there was a decrease in albumen gquality. However,
an increase in albumen giality was noticed when the'energy
lavel was lncreased from 2550 to 27%0 xnai-ﬂﬁ Per K. |
Both albumen gquality and averaqge egy Welght were affected
by protein x energy interaction. an increase in dletery
protein level resulted in increased carcass moisture and
carcéss protein content, while an incresase in dietary
energy lsvél regulted in decreased moisture and protein
content with simultaneous increagse in fat content of
carcass, It wes concluded that a calorlew-protein ratio of

177:1 with 15 per cent dietary protein end 2650 ¥cal M¥
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per kg appears to be edequate for optimun performance of
m Lm £

caged layers.

®hoo and Beh (1977} conducted an experiment in Whi@ﬁ
three levels of dietary protein vig., 15, 17 and 1% per
cent each with two levels oﬁ‘matabciiaable enerdy ViZze, |
2.6 and 2,85 Keal pRr ¢ were tried to £ind cut the
performance and nutritionsl raguivements of dwarfs and
nonetwayf lavers, Iﬁ'w&s noticed that althoush the outpub
from neither genotype was significantly affected by the
dlet there was a tendency for the dwarfs to produce more
eggs £rom the diet with more protein and 2485 ¥oal MB
DOY G

White leghorn hens, previously having & restricted
intake of féed for three weeks, were fed with dicts
conteining various levels of energy (MEK), viz., 930, 1109,
1270 or 1435 kI daily and protein vizs, 1443, 17,6, 21.2
or 24,5 g daily (Voreck end Kirchgessner, 1979) and
reported that with increéasing energy of protéin laying
increased progressively from about 85 to 94,95 per eent,
Vo waiéht was increased congiderably Py increazing protein
sunply @lthough not with 24.5 g daily. Body welght of hens
was inoreased most by increasing the intake of enerqgy, |
although incressing the protein also had a positive effcot,

The effact of four levels of Heoorrectsd matabolizable
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energy {(MB) viz., 930, 1100, izﬁa and 1440 kJ daily and
four levels of crude protein viz., 14.3, 17.6, 1.2 and
24,6 o dally on the nitrogen balance of caged layers was
studied by Voreck and Rirchgessrner (1%80a). It was noted
£hat the N balance was slichtly negative aven with 24,6 g
crude protein, although the daily protein loss decreased
£rom 0.16 to 0404 as the protein supply increased. |
Greoter distary energy did not reduce N logg even when

dietary protein supply was suboptimal,

In another study, Vorsck aﬁd Rirohgesaner (1930h)
xeéazted that depending on the energy ang pr@iein intakes,
the mean daily proteih retention by 96 hybrid laying hens
varied from 4.7 €o 7.l g. Retention was more influenced
by the protein intake than by the total ehergy intake.

The crude protein utilization renged from 24,0 to 36,0
per cent. Increasing the crude protein intake decreased
the utilization, while increasing the ensvgy intake
increased the utilization, The crude protein utilization

for egg production was 40 per cent of the totals

The effccts of four levels each of dietary ensygy
(renced from $30 to 1440 kJ per hen daily) and orude ‘
protein (ranged from 14.3 to 24,5 per cent) on the metaboe

1izability of dry matter and organic contents of the dlets
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I
i
. - . ’ . . . ; . p
vere investigated '(Voreck and Kirchgesener, 1980c). With

increasing levels of protein the utilization of both dry |
matter and organic matter decreased, but lncreased with {
[
II
ascribed to the varying degrees of utilization affaietary“

an increase in the energy supply. Trestment effects are

pgctein vwith diﬁferent’énergy'an& prohain.intakas.

|
Vorack and Rirchgessner (19804) conducted another 1

|

experiment in which laying hens at the peak of thair «gg |
)

production were given diets with varying energy and ?
protein levels that were similar to the previcus trial. i
The high energy content of tihe diet resulted in a feed '
conaumption per kg eggs of less than twoe kg, evan when t hé
hens had largs gaing in body weight. They also mbserved {
that supplemsntation of diete with extra protein did not F
influence the feed and energy intakes per kg of eggs, or ?
|

the energy utilization. Results with 14 g crude protein |

were less favourable than with higher levels. ,

In a study taken up by E} Boushy gg‘ég, (iﬁaﬁ) cagedh
birds were fed one of the £ive diets, in which the energy4
protein retic was constant, Piets one to £ive had crude |
protein 12,0, 12.9, 1440, 15,0 and 16‘9 per*cent and E
matabolizable energy 8.71, 9.57, 10,27, 11.10 and 11,7 es::
pér kg. From 24 to 64 weeks old, egy production of hens |
given diate one to £ive was 71.46, 71,33, 72,531, 71,13 aa@
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£9.99 per cent re@ggétively. cofrespanﬁihg-valueﬁ of mean
egyg welght, weekly feed intake and efficizncy of fead |
cofiversicn wvere 60,51,'65.47. 61,11, 631,02, 61.07 g ¢
157,16, 147.56, 142,03, 130.37, 126.72 g7 3.674, 3.460,

34262, 3,031, 3.014 kg feed per kg egg, respectively.

Toran gt al. (1980) cbaerved the response of 20
gtrains of egg type pullets to four laver dicts differing
in protein and cnergy levels, Dlet one contained 15,1
per cent protein and 2770 Ksal ME per kg of feady diet twn,
15.1 per cent protein and 3030 Keal M2 psr ko diet three,
17.2 peér ecent proteln and 2770 Koeal MR per kg and diet four,
17,2 par cent protein and 3010 Feal ME per kg of feed, ?ﬁe
hefnis 0n'ﬁie£ fogr lald at a significantly higher rate ﬁhﬂﬁ
the hens on diste one or two., Hens receiving 3?.évpez cont
protein laid 2,19 per éent more eggs than hens recelwving
15:1 per cent protein, Tﬁg'higher caloric laval i@prcved
egg production by only 0496 pei cents Ag protein level
increased and caloric level (wﬁthin each protein level)
incresged, egy size incrsased, feed reguired to myoduce @
unit of egg decreased and bedy weight increased. Tywe of
diet fed had no statisticslly significﬁnt effect. on interior
egy quality expressed as Haugh wnits .or upon mortality,
Protein level of the diet Iincreaged eg§ size more siqnifi»

cantly than caloric level,
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The effect of four levels of metabolizable eneryy
{nitrogen~corrected) viz., 930, 1100, 1270 and 1440 kJ
daily, sach with four levels of crude protein viz., 14.3,
17.0, 21+2 and 24;:5 g .daily on the body composition of

“laying hens was studied by Kirchgessner and Vorsck {(1930).
Rt the start of the experiment, hens had an indtial kody .
weight of about 1600 g and contained an average of 45,5
per cent dry matter, 23.3 per cent crude protein, QB.E

per cent total fat and 125 kI energy per g live weight,
Turing the 40 days of experiment, the varying energy and
protein supply resulted in major chengss of body campasitﬁcn,
depending on whether the hens gained or lost weiqhtf ory
matter varied from 41 to 49 per cent, crude protein £rom %@
to 24 per cent and total fat from 13 to 24 per cent of the
whole body in relstion to the differences in energy and
protein supply. Differences in £inal body compositlen of
the hens were almost exclusively affcoted by the verying
energy intake, ILower energy inteke resulied in a reduction
in fat content, decreased body welght and accordingly
increaged protein content, Conversely, hicher energy
intake brought about a lousr protein content of the wh0195

body because of the increessed deposition of fat,

Reid angd Maiorino (1530) investigated the effects of

dletary protein and metabolizable engrgy on the laver
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performance employing four levels of energy vize, 2+42,
2.64, 2,86 and 3.08 Keal per ¢ of diet and three levels
of mrotein viz., 14, 16 ond 18 per cent in a 4 % 3
factorail design, At the 14 per cent protein level,
increasing the dietary encrgy prodwed & prograssive
decreasge in egy productlon rats, but an improvement in
fead cotiversion efficiency, The protzin intaske levels for
birds fed these diets variced from 18.3 6 15.0 ¢ per bird
per day as the dietary energy was increaged, Birds fed 15
pex cent protain showed increased egg production as the
energy of the diet was increased, Regression analysgis
suggested a 2435 par cent Increase in eggp production for
gach 0+22 Keoal ME inorease per g fsed. Protelin intake
varied £rom 19,4 to 17.0 ¢ per bird par day in this seriea,
The 18 per cent protein diet resulted in protein intakes of
19:2 Lo 22,1 § pey bird per day and less response in eug
production than was cobtained at 16 per cent proteln with
increaged levele of energy. The gcaleulsted protein Intake
requirément during the first éwelv@ weaks wag 17,92 ¢ per
bird pér day to support 84.8 per cent eqgg pfaéueti@n.
ﬁuring the second twel?e weeks, the requirement wasg |
gotimated at 16:5 g protein per bird per day at 77,2 per
cent egy prcduntign,'ﬁhile during the lest twelve weeks a

reqgquirement of 13.0 ¢ gﬁr'bira per day was determined at a
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protein needed per egg duriny cach of the three periods

yislded values of Z1.1 to 21.4 ¢

In & study, four levels of protein viz., 12, 14, 16
and 18 par cent each with four levels of metabolizable
sneray vize, 2540, 2640, 2740 and 2840 Heal per kg were
trisd to find out the production traits of caged layers
{Reddy et 2l.,1%80)., There was significant improvement in
. per cent hen=day agg production, feed consumption, feed
efficiency and agg welghts with inorease in: each level of
dictery protein., Increasze in dletary enargy levels signi-
£icently decreased egg production, fesd consumption, feed
efficiency and egy weight.- A maximun productive response
was obtained with 18 pery cent protein diet in cemhimatimﬁ
with dietary energy levels of 2540 and 2640 Heal per kg
in reapect of eqgy production and feed eEﬁi@ian@y, The 14,
16 and 18 per cent protein diets were similar in affecting
the egg weights,. Increasing levels of dictary protein
resulited in declins in both albuﬁen and yolk quality,
while incieasing levels of dietary enerqgy impro#ed albumen
quality with no effegt on yolk guality, Proteln x energy
interactions were simnificant with alllthe héai%s. It was
concluded that caloric-protein ratios of 141 énﬁ 147 with

18 per cent dictary protein and energy levels of 2540 and
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2640 Koal per kg appeared to be satisfactory for optimun

performance of caged lavers.

Doran gt al. {(1581) ccnéucﬁed an axperiment tovatudy
the effect of four grower=layer dictary ﬁseéing systema on
‘caged layer performances The feeding systems were as
follows: System A = 16'pe§ cent protaein, 2950 Keal ME per
kg £rom 12 to 16 wecks of age, 19 per cant protein, 2900
Keal ME per g f£rom 17 to 21.5 weeks of age, 16 per cent.
protein in the layer phagep 5yét@m B-~ 18 per cent proteln
in the layer phase; System C - 16 par cent protein, 2750
Keal ME per kg fsmm.lz talléyweeka, 1% par gent prag&in,
2700 Yeal ME ner kg from 17 to 21;5 wecke and 16 par cent
protein in the léyef phasé and Sygtem D - 183 per'cent
protedn in the layer phase. HEn;aa§ egqy production for the
dletary systems, A, B, C and D were 74.25, ?5325,‘?3,51 andg
74,95 per cent, respectively, Corresponding valueg for egg
weight vere 57,85, 58.88, EB,04 and 538,75 g, respectively,
ﬁnalysia of the deta revealed that birds subjected to |
gystem B had a.significantly higher rate of lay and feed
efficiency when compared with system C. The increased
nrotein level during the laying period in@xeasea egy sice
aicnificantly,. It wag alse obeerved that feeding system

had little eﬁfaeﬁ on body weight during the laying phase,.
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an experirent was conducted to £ind out thé eﬂﬁﬁci 6f
éietéry:pratein and energy content on laying hens expos&ﬂ
to maan daily‘ﬁaximﬁm temperatures from 33,3° to 42;2ﬂc
{Thatte gt al., 1%81la). Dietary protein levels rahqed
from 14 to 28 per cent and energy levels from 2511 to 2811
¥eal ME per kg diet. The protein and energy levels
emploved in this trial did not have any significant
influence on egy production, egg weiéht and body weight
gain/loss, However, egyg production was hicher on higher
protein ievels and egy weight inareaéed upts 20 per cant
protein level, hut 5@& beyond. Most birds lomt weight to
the extent mf'nine to 15 per cent regardless of energy or
protein level or protein qgalitya It was observed that
insdequate energy intake rather than protein, appeared o
result in depression In egg production, ¢gg waeight and loss
af'hady waight, The authors also suggestad that protein'

requirements sppeared to he 18 per cent or higher,

In enother study, Thatte st al, (1981b) employed
varying protein levels ffcm 14 to 24,5 per cent and energy
levels from 2511 to 2811 Keal ME per kg under the tropical
alimatié'caﬂﬁitiens'to estimate thelr requirements., MNo
gianificant difference couldnbe obgerved in average eqq

production, egg weight, =gg9 mage and body weicht gain
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hetween varying protein and @ﬁ&#@y levels, exgent that 14
per cent protein diets resulted in si@niﬁiaantl?‘lawer

egg production and egg mass. In general, egg production,
eqq weight‘ané body welight gain wereg highef on hicher
protein levels, Lower. energy diets showed hicher egy
@rcducaicﬁ Tt égg w@ight and hﬁéy.waight were hidher on
‘higher energy levels. Feed conversion efficiency (feed per
dozely egge as well as feed psar kiimgramme ﬁ@g'mass)‘wea
better on higher protein andvhigher ensygy levels. Protein
eanvefsion was hicher on lower protein levels ané\hi@her
energy levels, Energy conversion showed the reverse trend.
An average dailly ME intake of 301 to 303 Keal sunnorted high
production, Dally iétake o Is‘ta'zo g protein supported |

higher ‘egg producticn, egg weight and body welght.

Madrid et al. (1982} cerried out three experiments to
avaluate the effects of body weight, age, dletary protein
and tallow ievglsvan rerformance, nuirient intake and energy
utilization of laying HEnS . 014, moulted and young hens
{72, 106 and 27 wecks of age, réap@atiVelyB,'ﬁi?iﬁed into
heavy and light body weighﬁ groups were Qmﬁlsygﬁ for ﬁhe'
Astuﬁy. They were fed with 10 diets cantainiﬁg iz, 14, 16,
18 and 20 per cent dietary protelin iﬁ combination with one
or four per cent supplem@néai fat, Egy oubput was increaged

with the supplementation of tallow in only the young bilrds,
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Estimated daily protein intake requirements were 16,8,
13.3 and 12,8 g per day to support production ievels of
84, 64 and 66 per cent for the young, old and mpulted

birds, respectively.

The effects of feeding three protein levels viza., 16,
13 and 20 per cent,'each at threa metabolizable enerqgy
levels viz., 2400, 2600 and 2800 Keoal per ko diet in the
tropies were ctudied with brown ega type layers (Olamu and
Offiong, 1933)s: Dietary protein had no silgnlficant effects
on hen=day egg production, egy welght, Haugh unity, feed
intake, feed conversion, feed cost per dozen eggs, calorie
. intake, egg weights and final body weight, Protein
consumption on &ll levels of dietary protein wés over 20 g
per bird per day and increased significently with increaces
in dietary protein. Mortality was lowest on the highest
protein level., The highest energy level almmificently
depressed ey production and feed and protein intake, The
feed costs per dozen egus inoreased sipmificantly with
increases in dietary energy leével. Calorie intake &nd
f£inal body weilghts were similsr for the medium and hichest
energy levels but significantly higher than that obtained
on the lowest energy level.: Egg weights, Haugh units, faod

per dozen egge and mertality were not significantly affected



67

by energy levels, Inspite of the average maximum monthly
temperatures, ranging from 26,8 to 35,27C, annusl egqy
production wag about 71 to 73 per cent for the best groups,
£igures cumparable wWwith those obtainable in temperate
elimats, Egg weight and Haugh units were gimllar to
reported tempefaté zone values, This experimeént supported
the uge of 16 per cent protein and a MZ level of 2400 ¥oal

per kg diet for brown egqg type layars,

In two factoriel trials, léying hens were fed oh dietsz
'#ith meﬁahgiizahla energy 11,7, 11.3 or 10.9 MJF per kg diot,
or with 11.7, 11.3, 10.9 or 10,5 MT per kg and crude protein
21.8, 2048 or 19,9 g per hen daily (Vogt, 1983), It was
5bserved that decregsing energy in diet had no effedt on
laying pexforménee bat it increased f£eed intake and decreased
fecd efficlency. DRDecyedsing the protain iﬁﬁéke from 21.8 to
19,8 g per hen dally decreased the layiﬁg rate slightly and
decroased feed effiolency and enerqgy efficlancy by 3,5
per cent, but increascd the arude protein efficiency by

6+8 per cent.

Khan and Baghel (19383) condugted an experiment in which
duerf pullats were fed with diets containing three protein
levels viz., 14, 16 and 12 per cent each with three energy

levels, viz., 2600, 2800 and 3000 Koal MU per kg diet in a
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factorial design to exomine their gerfsrmanae.‘ Bgg produce
tion improved frvom 62 to 73 when ocrude protein waw
increaged from 14 to 18 per ¢ent but decreased from 73 to
58 sgge wvhen Sletory engrgy increased, The protedin x

energy Interzction &ffects were not sionificant,

In & faretorial trial, Meumans and Kirchuessnper {(1993)
atudled egg vields of laying hens given varying enerqy
concentrations, viz., 1070, 1242 or 1410 kY (nitrogen
correétgé matabolizable energy) and eruﬂe'pratein viz.,
16.2,_17.? or 19,2 g ga2ily. Individual ego welght and
compeosition were not changed by the protein or energy '
intake, so differénces in_tatallﬁaily output‘§f energy and
protein depended on the number of eggs. With incfeaeing
| intaké the production of eggs was 68, 71, and 77 per cent.

Protein intake of 17,7 g or over gave maximum egg preduction,

Musharai and Sgheele (1933) eonénctea a2x3x2
factorial trial, employing metabolizable energy at two
levels, 2605 and 2915 Keal per kyi metsbolizable energy
(Keal per kg): crude protedn (¥%): and lysine (%) at three
levels, 100035,910,19, 1000:5,910.24 and 1000t7:510.24; and
ME ¢ fat (W) at two levels, 1000:1.9 and 1000:3.5, During
the study the ambieut temperature wasg cyclic 38°C by day

and 27°C by night 2% 50 per cent consiznt relative humldity.
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High energy diets reduced feed consuvption, irproved feed
efficiency but had no effect on egy weicht, Increasing
protein level improved feed efficiency and egg weight but

no effect on feed consumptiol.

Imammert and Giessler {(1982) conducted an experiment
employing three levels of metabolizable energy viz., 10.5,
113 or 12.1 MF per kg and three levels of erude protein
vize, 14, 16 ovr 18 per cent, to study the egg vield =nd
fead intake of layilny hens. With decreasing cnaray, feed

inteke increased, so that daily Ancestion of ME wag fairly

nd cgo weight weie not

L

nilar at all levels. Egy number
affected by energy level., Protein level affected faed
intake only with M2 at 11,3 M7 per kg. Sog nuvber and
weivht were less with 14 than with 18 per cent protein and
feed required per kilogramme agg‘yveﬁuaed WaSs DOre..
Performance with 16 per cent protein wag also sub optimal,
For practisal laying feede ME ot 1045 0 12,1 MJ per ko was
recommended. With eboubt 11.5 MT, protein at 2ll stages

should be akout 13 par ¢ant.

The results of gtudles presented in‘the foregoing
section clearly reveal that the energy end protein reguire=
ments are poverned by multiplicity of factors, tne ma jor
ones Leing the genetic potentizlity, climatie promi’e of Lh"

region in which the birds sre grown and stagg of production.
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With the development of commercial hybrids for"hiqhsr eqq
production we have almost reached a plateau in geneético
improvement and therefore the efficienay of utilization ﬁf
nutrients 1z the area that needs attention to make poultry
farming econcmicaliy viable, Further the changelin v stens
of rearing as for exmmpla from Jegp litter to ecages also
agfecte efficiency and therefore recommended nutrient
allowance henceforth has to be more precise for specific

ajtuations.
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MATERIALS AND METHODS

An experiment was designed and conducted at the Depart=-
ment of Poultry Science, College of Veterinary and Animai
Seiences, Kerala Agricultural Univereity, Mannuthy, to
evaluate the dietary protein and energy reguirements of
caned White leghorn strain cross layers under the prevai-

ling environmental conditions of Kersls,

one hundred and ninety two strain oross (IWN x TVP)
Single Comb White leghorn pullets of sgame hatch maintalned
at the All India Comordinated Research Project (AICRP) on
E@ultryifar Pags, at the Monnuthy centre were selected at
random for the experiment, They were 176 days of age at the
commenesment of the trisl. The birds were wing kadged and
housed in 64 California type colony cages with three hirds
in esach. The cage dimenaions were 60 om 2z 435 om x 40 om

2 area per bird., The cages had been

gize oroviding 900 em
erectad in a well ventilated anﬁAwall lighted @cult:y house,
Four levels of protein viz., 14, 16, 18 and 20 per cent and
Ffour levels of metabolizable energy of 2400, 2500, 2600 and
2700 Kbél_per kg were employed in & factorial dasion. Thus,
in all, there were 16 treatments and each treatment was
.replieateé four times and each replicate had three birds.

e allotment of pullets to Aifferent treatment groups 3o

well as to the different cages were made at random.
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The birds under the different treatment gréups were j
£ad different layer rations varying in protein and enerQyE
content as outlined earlier, The aamﬁaaitian of the - i
different treatment dietd is glven in table 1, The
ingrsdients requirdd for the formulation of the dlet waré:
procurad 1n one lot and were analyaed for proximats mamp@siw
tion. The feed was mixaé four times during the entire
period. However, after.qach.mixing the mixed feed was '
analﬁaed for its protein andg enar@y content, OFf the | ?
1ngreaients, the level of f£ish meal, bedng the animal
pretein aaurce, was kept constant in all the diets, qawevar,
marginal adjustments were mada in all the other 1nqrtdienec
to obtain the required protein and energy levels of the |
dlets, The 1néivi&ual iﬁgraéienta an wall as the mixsd |
rations were analysed eagh time ﬂer thelr orude protein ané

. anergy levels, The metebolizable energy valueg of the
ingre&ienés and rations weye ealan&a?gﬁ-using the gﬁedi@t#@n
aguatian‘auggestea by Carpenter and ?&&gg {1956)s The i
gvailable carbohydrate was estimated by the application of
anthrone reagent (Clegg, 1956), The proximate eamp@sitieﬂ?

of ingredients o» ﬂeil.aa rations was estimated according |
to the procedure describad In A,0.8.C. (1970)s

Feed and water were provided agd 1ib. The routine manage-
" mental practices were followed throughout the ég@&rimﬂntalf
perind,



The meterislogical variabliesof maocroclimate such as
texperature angd reletive humidity of the region vhere the

experinent was conducted werg recorded monthly.

The general observations WEre‘maéé for 12, 2Bwday
periods and were subsequently pooled to form four phasss,
e8ch phase representing @ specific ﬁeéaan of the vear,
baged on the eclimatic profile reporited by Somanathan and

Rajfagopalan {1983) for Mannuthy,.

Individual body welghts were taksh ot the beginning
and end of the experimentsl period to study the pattern of

body weight gain under the different feeding regimesa,

Daily egg production, under the Jdifferent treatment
grouwps was recorded during the entire experimental period.
From this date, hen<day egg production was calenloted for

each phase.

Feed intake data wag recorded at the end of each 28wday

pericd and was caloulated phase wise,.

Feed efflciency was caloulatsd baged on hoth egy nuvher
{kilogramme feed per dozen egps) as well as egy mans

(kilegramme feed per killogramme ega).
The layer house mortaelity during the experimental pericd
was recorded for agsessing the livability of ecach treatment

GrOUp.
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During the lagt three conaecutive daya of ercgh 2d=day
mericd, ﬁaﬁr eggs £rom cach treatment were saved at random
every day for egg cquality studiess They w&revmarkad,
weighed individually end st@reé in a refrigevator for
internal quallity studies aﬁ the next day,., The hoight and
width of albumen, height and giemeter of yolk and shell
thickness were recorded, From these data albumen index,
yoll ihﬂex and Haugh uvnit were calculated aé poy UsDh
prodedure (Anon, 1975). While breaking open the egge for
quality evalustion the incidence of blood spot and meat

spot, Af any, was also recorded.

At the end of the experimental pericd, four birds from
each group were chosen at random for cstimation of total
aerum lipids, serun inorgani¢ phosphorus and total serum
protein, albuwen and A:S ratio, For tﬁe eatimatlon of
hloecd ?&rameters bloocd was collected from the brachial wveln.
Tatol serumn lipid was es&iﬁatea agoording to method
-dgscribed by Joevln (1970)s The esitimation of sﬁf&m
incrganie phogphorus wag done by the mgﬁhed'of Fis%e and
Subbarcw (1925). Diuret method (Cornall et 2l., 1949)
was emploved for the determination of total serum protein

and albumen and hased on the above MG ratic was caleulated,

The haamoglobin of the experimental birds wag estimated

{four birds from each treatment) employlag the traditional



acid haematin method using Sahli‘’ae haemmglobincmeﬁer» The
values were corrected by uging the following correction
factor 8s recommendad by Reo (1981).

sahlites value + 1,57

D.98

Corrected hssmoglobin vaiug =

Ethylene diamine tetra acetate (BDTA) was used ag the antiw
coagulant. The packed cell volume was also measured
gentrifuging 2 sample of blood (2500 = g for 20 min) and
ealeculating the per cent volume occupled by the packed red

calls {(Wintrohe, 1961).

During the last day of the twelfih, 28~day npericd, one
biré from each treatment was selscted at random for carcass
analysis studlies, The birds were fasted for six hours and
Kilied by cervical dislocation, The proaedﬁré outlined Ly
Mohan gt 8l. (1977) wae smployved for the prepuraticn of
aarcass for éhemical analysié, The carcass was made into a
homogenised mategpial and en aliguot was used for estimating
muisture contefit. The remaining portion was drled and finasly
ground and used for estimation of proximete principles das par

F#e‘-’:‘ c?‘» 0’30 (197@) -
During slaughter of blrds for cercass analysis studies,

ong plece of liver from each bilrd was saved, merked and

seaied in polytheng bag and wasz stored in dsep frecmer for
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subssquent estimation of protein and lipida, The liver
samples were thawed, dried and £inely ground before
analyais, Estimation of pretein and ether extractives of
the liver samples were made employing the procedure
described in A,0.A.Cs (1970).

puring the last phase of the experiment, excreta
eollection was made for 24 hours for altrogen haiance
studice from two cagss from each treatment, The ézsppingﬂ
woere welghed and a sample was taken for molsture determin2«
tien, The balance quantity was placed in a polythene bag,
sealad and kept in a deep freezer for nitregen determination.
. This ;r@ee@ure was repeated., HNine birds In three cages werea
kept without any feed for two days for egtimating the.
endogencus nitrogen loss, Using the data en'nitragen content
of droppings, feed and egy, feed Inteke, egy praduction and
endegenous nitreogen loss, the nigxagen halaﬁae was
asleulated,

The data colleated were subjected to statistical

analysis (Snedecor and Cochran, 1567).



Table 1. Percentags composition of emperimental dicta.

Energy 2400 Yoal ME/kg 2800 Koal ME/kg

Ingredients :

‘ Protein {0%) ’ 14 15 18 20 14 18 i3 - 25
Groundnut ofl cake 700 12,00 17,00 22.00  T.00 12,00 17.90 22,00
Yeliow maize 49.00 45,00 40450 38,00 53.50 49,50 45.00 40,50
Fisgh meal B 800 800 B00 HOO 800 B0 B0
Rice bran 32,00 3100 30450 30,00 27630 26,50 26400 35,80
isheil meal 200 2400 200 2400 2200 200 200 2,00
Mineral mixture 1.75 1.75 175 1,75 1,75 T.T5 0 1.75 1,75
Salt D28 a5 De25 0625  0.25  De25  0.25 0.25
Srovimix 28,0, (g) 25 35 25 25 25 25 255 28

S1dve 520g) 100 100 10 100 190 100 100 100
aoalysed Value _
Eneryy {Keal E/kg) 2409 2622 2414 2407 2503 2512 3530 2508
Protein (%) ‘ 14,20 16417 18,34 20,10 14.13 16.20 18,10 20,1%

Cczﬁtd’.\-: - 0¥

LL



Table 1. Contdeeasses

Eneray _ 2600 Keal MEfkq 2700 Keal ME/KG

Ingredients Protein () 14 16 16 o 14 16 15 35
Croundnut oil cake 720 12.00 17400 22400 Te00 12,30 1700 2200
Yellow malze : 58,00 54,00 49,50 45.00 62.50 58.50 54,00 49.50
Pigh meal BOD 8O0 P00  8.00 80D 2 o0 8,07 2.00
Rice bran 23,00 22,90 2150 21.00  18.50 17.50 17,00 16.50
Shell meal 200 . 200 2200 200 200D 240D 2400 200
Yvineral mixture 1075 1475 1475 175 1.75  1.75 1,75 1.75
salt ' 025 0025 De2B D25 0625 D25 0435 0,25
Zrovimix AB,Dy (a) 25 25 25 25 25 25 25 25
3uav. 52 (g) 10 100 100 1o oo oo 1o Ioo
Analysed Value '

Energy (Keal ¥5/ky) 2608 262% 2628 2635 2718 2724 2711 2705
provein (%) 314026 16,12 18,30 20416 14.23 16,17 18,24 20,19

1. Poultrymin {(Aries Agro~Vet Industries Private Ltd.) conteined Lalcium (Min) - 32,00%,
Phosphorus (Min) = 6,00%, Copper (Min)-100 ppm, Cobalt (Min)-60 ppm, Mangenese (Min)-
2700 ppm, Iodine -« 100 ppm, ZANRC - 2600 ppm, Iren - 0.1% and Magnesium - 1000 pom.

2, Rovimix ;?34-%324»533 (Rocte Products Ltd.) contained witamins A,B, and Ds at levels of
40,000 I.U., 20 mg and 5,000 .U per g, respectively.
3. Biv. 52 pouder {The Himalayan Trug Co.)e
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RESULTS

A 4 x 4 factorial experiment with different diﬁ:taz'y%
levels of protein and energy, as outlined in the meermgls
and Methods, was conducted to decipher varietion, if any‘"’,
in the requireament of energy and protedin for layers housed
in cages, The re&ults obtained are presented in this

.chapter. ‘

The me2an minimum and meximum temzaetaturg 38 well a‘tsiE
relative humidi§§ (mnthwisef from -Qetobef 1983 to August
1984 (period of é:s‘;gerimnt) of the campus where the i

e:xpéfimﬁtaticn was undertaken is depicted in table 2.

Table 2+ Mean monthly temperature and relative humidity
during the period of experiment, i

ey Relative
inimum hur?idityl
' § A%y

Month

October 83 | 31,8 L 2342 ' 8049
November '83 31,0 2243 75.1
Dgcember *'83 3042 - - 2347 7067
January "84 3.6 22,7 64,3 |
February 'S4 33,9 24,1 65.0 |
March 04 3445 2440 Mo |
April '84 T 3349 2349 75,3 .
May  *84 34.8 2548 71.9
June '84 2846 2341 8840
July *B4 . 2%.1 2346 83,0
2ugust ‘sS4 29,0 23.0 862

A R T B T B S S Y e S T o T Yo Sy R e |



PROVUCTION PARAMETERS
Body weight gain

The gain in body welght of the birds fed varying
dietary levels of cnergy and proteln {(Table 3) showed a
numerical increase as the level of these two nutrients
WQré increasad, ﬁﬂWever, the statlstical analysis of the
data pregented in table 4 revealed that the magnitude of
difference observed in either aaaﬁ wag not significgant,
It cﬁuld alaso be seen from the analysis of variance teble
{(Teble 4) that there was no intersetion effect, ' Of the
various eambinati@ﬁa of eneryy aﬁé protein, the lowest
gain in weight of 149,38 g was observed in 14:2700
combination and the highest galn of 497.5 g for 19:2%00
proteinsenergy combination, The initial and final body

weilght of the experimental Birds is shown in appendix I.

Table 3. EBody welght gain of layers fed varying levels of
protein and energy {g).

Eneragy (Kcal Mo/ kg diet)

Protedn (i) Zdon | 2500 260D ZT00 Mean
14 281,92 347,78 325,50 149,38 281,05
16 286467 316,43 441,11 428.33 379,235
16 205,50  361.67 342,37 497,50 357.22
20 333,33 336,67 337.92 467.50 369,00
Mean 296,53 342,06 358,21 385,15

B T T S T T T g B T o T e S e e o g YO S o R b e i wy i cebira oy ry oy Sy S is m m ma e
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Table 4, Analysis of variance of body welght gain of layers
fed varying levels of protein and enerqy.

- - - P

b

Source ag - MSS g

Protein 3 144969,05 . 2+43 NS
Energy 3 119373, 72 2.01 N8
Intersction 5 30635465 0«51 HB
prror . 129 507192,41

Total 144

e R R TS o SR ST e O RS

NS - Non sionificant

Egg production

Igg production of tﬁe experiméntal birds over a pericﬁ
of 12, 28wday p@ti@éa calculateé4as par gent héne&ay ey
production 13 presented in table S.anﬁ the gtatistical
analysig thereto in table 6. If energy level alone ia
considered, the lowest eqg pﬂmﬂﬁctien of 68,75 per cent wag
ochaerved among bhirds fed a diet containing 2700 Xoal ME per
ké and the highest of 67,15 per cent for the dlet eomtéinimg
2600 Koal M per kg. Likewise, vhen protein alone is
considered the lowest rate of 53,49 par cent production wag

obsarved in those birds fed 14 per cent protein, whlle the
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!!
highest value of 71.15 per cent was chserved in the group
fed 18 per cent protein diet (Fig; 1¥s It could be seen’
from the analysis of varianae’data {Table 6} that the L

differences cbeerved in per dent hen-day egg production !
among veriocus dietary energy levels employed were not ﬁ
statiatiaally aiwniticant, whereag the differences ebaerved

L
amony the protein levels ware statistically significant )

F
(?(_,Ql). Egy grodustian was signifiﬂ&ntly lower among i

birde fed a diet containing 14 per cent protein while it'

!
|

ccatainiﬁa 18 yer cent protain. ﬂawevar, the eqo preduchion

wag signiﬁieantly higher for the birds fed 28 dict

-oLtazneé Erom biréa fed 16 per cent and 20 per cent wvre.

not statistically different, Likawine, those between 18|
\:
and 20 per cent was also not significont, Statistical |

analysis of the egqg production dats aleo vevealed that ﬁ

there was no 1nteractian effect batveen protein and eneragy.

t

In as much ag the p@rioa of experimentation lasted

abguh elsven months the possible influence of season ovar

egg proéuction and interaction effecta with scason was f

studled, The data vwhen clasgified according to the four ﬁ |

seasons prevalent in Kerela showed statistically signifie?nt

difference (P/0.01) in'hen%ﬁay eqy éreéuctieﬁ_amoﬂg the ﬁ%nr

sezsons (Table 6}, It was also cbserved that the interacgion

effect between energy 3nd season was not significant wheréas
|
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Table 5, PeRr gent heneday egy production of layere xed
varyinq levels of protein snd eneray.

o Znergy (Kcal Mufia aiet) .. e
Protein{®) 545 350 Se0 m70q Mean
14 6403 56.50 58,20 55,21 53, 48"
16 67482  66:43 65,51 &5, 36 664267
18 71,44 71,49 T B0 79.89 71.15%
20 63418 71,92 74,408 71453 70« 185
' Mean 66.62 66,59  67.15 65475

Values bearing the same snp@rqcxirt do not differ sionl-
ficantly.

Critical difference
EProtaln = 5413 _ Season x Protein ~ 6,33
Seasomnm - 3.19

Table 6, Analysis of variaace of per cent hen=day egq produe
ction of layers fad varying levels of protain and

@nergy.
Seurae 3£ _ MEs 7
Protein 3 2132,17 10.19#%
Enerqgy % Proteln g 204.14 (338 NS
Bnergy 3 21446 Dol HE
Brror A 48 208,50 |
Seagon x Protein 9 199,51 2,35+
‘Season @ Energy 24 61,33 0.72 B3
Season 3 2342421 | 27 By HT
Interaction 27 8067 .60 NS
Error D 144 84,98
.mmmumsm:nzamx:wm:z&m:anmmnzﬂmmﬂ::mﬁwmmamz . b EXDATIIAT IR 3=<4

% Significant at 8% level
& significant at 14 level
HE Non Significant
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that between nrotein and saaseﬁ wan gignificant (PAD.O%)Y.
Cn further analysis it was revealed that during warm vet
and warm dry pexiods & dletary protein level of 18 pear

. @ent resulted in cptimﬁm eqgg »roductlion, while 16 per
cent dletary protein would be sufficlent during hot dry

and ¢old wet seasons,

It could &lso be seen from the data on egy productien
categorised based on geasons, that the maxinum heneday egd
production of 73.93 per cent wag obtained during warm Jry
perind., EBgg production during hot dry, cold wet and warm
wet Scagons were 68,25, 6£4.22 and 59,69 per cent, respect-
ively. The statistical analyvsis of the meane revealed
that the egg production was significantliy highest during
the worm dry period and the lowest during warm wet period.
The egqg production during the other two seasong wag inter-
mediate eventhough productlon was significantly higher
duting heﬁ dry when cormpared to cold wet scason

{Appendix 1T and TIT),
Feed intake

Data on mean daily feed intake of birds €ed varying
levels of protein and epnergy ig given in table 7. The

range of mean daily feed intake per bird verled from

. 99,77 g to 120,9 g. Vhen the data vere subjected to



r
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statistical analysis, the magnitude of diﬁfex&h&e in daily
fmed inteke per bird among vordious protedn levels or-
among energy levels was not found to be different (Table 8).
However, the daily feed intake per bird between various
seagons showed statis;ically significant differences
{Apprendix IV and V). It wag significantly lower for the
warm vet seasen (100,30 g} and sicnificantly higher for the
cold vet sgason (119.84 g). The differ aices in feed
consumption during worm dry and hot dry scasong were not
staﬁiétically significant eventhough thase were sionifl-
cantly higher than the warm wet geason.
Table 7. Mean deily feed intake per bird fed varying levels
of protein and energy ().

o S, 5 -

Protein (%) 240&Enerﬂ§E®§eal B . at%?@@ Mean
14 120.32 108,52 09,77  100.36 107422
6 104,77 108,53 114,74 199,35 100,65
18 | 116,78 113.22 115,69 108,32 113,55
20 , Zlé.mé 12096 '113s§6 11609 115,77

Mzan 113,48 112,06 111,04 109.81
fiecinin it Bl g it 4 ASIOTTTTERNIT QNN oy s - e Bt Siomd dmiruir S hoow i} o bt o dant o b bt

Critlesl differsnce

Season = 3,93
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Table 8, 2aAnalysis of varlange of fesd intaks per bird per
day fed varying levels of protein and Snergy.
Source d£ Mss P
Protein 3 1039,25 1.92 HS
Bhergy = Protein § 664,50 1.22 N8
Energy 3 - 270,00 Qusb e
Erxror 2 4a 541,72
Season x Prokein 9 217,25 1,78 18
Seagon x Ensrgy - 9 157,92 1,29 N3
Season 3 4257.17 34,88 *¥
Interaction 27 129,56 1.06 N5
B¥ror B 144 ,, 122404
B R P I 2 2l SO IS T Ty o S T R R O TR T T BT e A e 7

** Slgnificant at 1% level..

NS=dan significant

Feed per dowen egys

b

© Feed per &oxen egas le one of the parameters which
indicates tﬁe efficiency ©of 2 ration as well asg the hioiau
gical efificiency of the bird., Therefore a critical
evaluation of this ratio will enlighten the eqonemic superic.
rity or otherwige., The data calmaiated for f£eed per doren

efqee for the vapying combinatiens of anargy énd protein



employe& in the atudy is sat eut in table 9. ‘The atatistieal

analysis a“ tha ﬂatu pmusﬂnxeé in table 10 revealed that'tha
b
level of protein in the diet as well ag the season - P

influences the feed efficiency, vhereas the level oﬁuene%gy
does not seem to affect the £eéd efficlency at the lpvuié .
testeds, It was algse revealad that there is no intaraeti%n

effeot elther betwuen energy and protein nor betwsen seaaon
h

and nutrienta. : I ' ' a b

.- L : !

The lowest rstioc of 1,94 was cbtained with a dfet |

, , . . : i
containing 18 per cent protein, while the highest ratio of

|

2436 was obtained with & diet containing i4 per cent I

§

. . . . " I
protein (Fig. 2}, The differences observed in ths ratios

among 16, 18 and 20 payr cent dietary protein levels wereﬁnat

statistically significant, Likewise, the difference: |

obtained ﬁet@aen 14 and 16 par cent was also not significant,
I

When the feed per dozen eggs was galculated besed oﬁ
seasons (Appendix VI anﬂ VIZ) it was observed ehat the lcwest
ratio (1.89) was mbtaineﬂ £or the warm dry season and Lh;
Wighaat retis (2.41) for the 2old wet secason. The ﬁiﬁtexfnca
in rdtios-ohsgrvea between garm dry and hot dry (1.98) se%sons
waa not statistically significant. Idkewlse, that betweeh

||
hot dry and warm wet (2,.14) was also not significant, 5

[
h
:
:
[
iw
|
|
|
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Tabla 9, Feed per dozen eggs of layers fed varying levels
of protein and energy (kgl.

Protain (%) Eperqgy (Koel ME/kg diet) Maan
Z400 3500 2600 T00
14 2431 2482 2,08 2422 24367
16 - 304 % 406 2,17 2415 2., 1070
18 2400 1.92 1,92 1.87 1.94°
20 217 2405 157 1,97 201"
Mean .13 2442 2:03 2405
trogan-dkSchddbeen} ~ iy i - v 3 <t dved ginerog e D e D e T N T L P M BN R T T SR R SN IR T S

values baaring the same superscript do not differ sionifi-
Qantlyo -

Critical differenco

Table 10, »Mnalysis of wariance of £eed per dozen eggs of
layers fed varyving levels of protein and enargy.

" owina wes in ot S 4 - el 9 oo S 3 Wik S A W M S5 a0 B>
Source as MBS ¥

- Protein 3 212 3,05 #
Enargy x Protein 9 053 0493 NS
Energy 3 0o 47 087 NG
Brror A 49 0454 |
Season x Protein g 0,58 1.36 K5
S¢agon ¥ Enarsy 9 051 1,20 N§
Beagon 3 333 Te77 *X
Interaction 27 0a35 083 HS
Error B 144 T 043
P T L e T 2 I S Sy e e S R T e E~r) Mo derod ) = & e it

* Sienificant at 5% levels
**  Signifilcant at 1% legwvel,
WS ~Mon significant,
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‘Fia.2. FEED CONVERSION EFFICIENCY OF LAYERS FED
: - VARYING DIETARY F’ROTEIN LEVELS

8 Kg Feed/dog eggs,

" 4.0~ .
0 Kg -Feed/ Kg egg.

3.6+

3.2

2.4

2.0
LG

1.2.-

FEED IN KILOGRAMME

le

PROTEIN (%)
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" Fead per kilogramme ey

Information on the efficiency of fead to produce
unit weight of a product ia an@tﬁez-m@aﬁurﬁ to indicate
the efficiency of the feed ag well as the bird., The
increased consciousness for eggs with hicher weight than
number necesaitstes that efficiency he meagured in terms
of both number and weight. Thus the productive efficicnoy
i to be decided khased on the compavison of efficliency of

production both in number and welcht of the product,

The feed required to produne one kilogramme of ey
prasented in table 11 indicated thot protedin content of
the diet influenced this paramster, while the energy
content d4id not show any sighificant influence. When the
data was classificd and analysed according to season it
wag observed that the feed por kilogramme of egg wae
influsnced by the geasnn too, However, specific energye
protein cosbinstions or speeliflo season-nutrieont combina-

tions exerted no Influance on this parameter.

The méan'valueé pregented in table 11 and the stotise
tieal analysis of the data presented in table 12 revealed
that the lowest ratio of 308 was obtained with a diet
contalning 18 per cent proteln, while the higher ratio of

3.74 'wag obtained with a dietary protein level of 14



Table 11, Feed per kilogramme of agg of layers fad varying
l&V@lS of protein and energy {xgd.

et . 'Ensrayjtxcél ﬁﬁ/kq_éigg). | "
’ TH, v o
Protein (%) w55 2500 2600 2700 Mean
L 14 3,50 4,42 3,28 3.608 3,747
16 3,19 D424 3633 3432 3,27
18 .11 3407 3.15 3,00 3,085
20 3,40 3.19 2,91 3410 3.158°
Mean 3,32 3,48 3417 3,28
b fen e s et Srprtt n 3 =t paebote oo dree L 0 ettt by o s fofr o] ot i fovesnoe

Values bearing the same hupersoript & not Aiffer aignifi-
cantly,

Critical difference v
Protain - 0,40 Season - 06358

Table 12, HAnalysis of verisnce of fesd per kilogramme of egy
of lavers fed varving levels of protein and aneray,.

Spurece a€ M8 w
protein 3 5,72 4,44 #
Brierdgy % Proteln 4 ' 1.15 (289 HS
Enexrgy 3 1.08 0.84 N5
Error b 48 L ¢29
Seanon x Protein o 1.4% 1.39 ug
Secagon x Energy 2] , 1.35 ' 1.34 10
Season 3 ) Bed0 ‘ G,32 *=
Interaction 27 099 .08 5
Error B 144 1.02 '

- - " T —— ez T A TR T TR ST

2% Giemificant at 1% level.
NS « Non gignificant.
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per cent, The Aifferences ohserved among dietary leielsﬁef
. !
16, 18 and 20 per cdent protein was not statistically sionde

£icant, i
4 3
When the data were analysed based on the seagons it

!

wag revealed that the lowesat ratio of 3.02 was obtained |

during tha waym dry period, whopreas the highest ratio @f!

3.59 was obtained during cold wet season (Appendix VITI and
| IX)., However, the differences in feed efficieroy ¢a1ﬂu1ated
ag feed per kilograrmme of dgg between warm dry and hot dry
(3.05) eéasan was not statiatical&y aicnificant, sxmxlaray,

the differences L&tween cold wet and warm wet (3,58) &eaamn

|

ware aldo pot significent,’

EGG QUALITY PARAMETERS ',
;.

Eqg weight ~ | 'g',
. - . i

|

L The mesn ego weichts obtoined from the birds fed

A - |
different dietary protein and energy levels is presented in
table 13 and the connected statistical analysig in tsble 14.

The overall egg weight irrespective of the n&ctain level ar

)

energy level seems to be reasonsble, When egg welght i§.L

|
classified according to the dietary protein levels, it waé
. . , : I
found that the highest weight of 54,66 g was obtained at ;6
N

per cent prateinileval and the lowest of 53,30 g with 14 i
per dent protein level, The’ statistical analyais of the data

[\

L



8
revealed that the egy welight betuween protein levels 14 end
i8 pbr'ceht is homogenous and that between 18 and 20 pcrﬁ

, |
cent is also homogenous. Likewise, when the egy weight dats
ar<e analysed in relation to the energy content of the d%%tc
it was obaerved &me birde fed a diet containing 2700 Keal
ME per kg laid eggs with lmweat egg'wa&ght (53 23 gy, !

4
I\

whereas the birds £84 a aiet.coqtainipg 94@0 Real ME per kg

iaid eggs with hichest weloht (54,29 g). ”he atahistieam

£rom birds fed diet containing energy level of 2400 and
2600 ¥eal ME per kg were not significantly different,
Lixewise, that between 2500 and 27090 Keal MP per kg were

also not significant.

1

apalyzis of the data revealed that the egy welght ohtaine§
I
1
I
h
f
I
|

"The statistical analysis further revealed the existe #
of a significant di€ference in an intaracticn betwsen' i
protein and energy. An exsmination of the data in the liwht
of this indicated that the hichest egg weight obtained wi%n
a dietary protein-energy combination of 1812400, 1612600 énd
11632700 are homogerious.s The mean egy weight of birds |
influencéd by period, dietory pratain and energy is shgwn
in appenidix X.
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Table 13. Mean egg weight of layers fed varying levels of
protein and ewergy igl.

Protein (%)

Eﬁggav (Kb“l Mﬂlkq diot)

3400 ) 2600 700 Mean

14 54,48  53.38 54,19 51,15 53,30

16 54,03 53449 55468 55,46 54,66

%
18 54,87  53.3% 53,03 52.75 53,5177

2¢ 53.79  54.31 54,15 53,53 53,960

- uman 54,297  53.64% s4.26°  83,23°

e s A e s mR s oy oo i i s T T T s c T

Values hearing the same superscript do not differ sionifi-
cantiy.

critigal Gifference A
Pariod - 0481 Energy - (1447
Protein ~ Ded'7 Protein x Fneryy - 0,94

Table 14. »Analysis of verience of egg velight of layers fed
varying levels of protein apd energy.

Zource ag M34 iy

o s e e o e e e e et e e i S

Per iod 11 1396,23 84,76 **
Protein 3 20917 12,70 #*
Period x Protein 3z 18.22 1,11 N5
Energy 3 151 .00 G917 =t
Period x nergy 33 15,83 1,14 18
Protein x Energy g 182,1% SeBd
Period x Protein x Ehergy 99 19,96 1.21 N5
Brror 2112 16447

Total S 2303

— i e P Y e £ o e S T S SRR .

v+ Significant at 1Y level.
NG« Non significant, '



§hell thickness . - |

“The sﬁcll thickness of the egas produced by the biré?
fed Aifferent diectary régimen is presented in table 15 an%
the analysis of varlance in table 16, The effect of ?
protedn and enerqy el o shell thicknass reccrded periedwiaei
is presanted in aapenéix xx. The nﬁan shell thickness cf
all the eggs examined was 0,332 mms When tha ghell
thicknese data were analysed in relation totihe protain |
contant of the diet, it was found that the egge laid by
hene fed a dictary proécin level of 14 ner'aenﬁ had the
thickest snell (04337 tm) While that cobtained from those |
fed 18 per zent protein dlet had conmparatively thinner |
shells (0.326 )« Whan<the magnitude of difference was |
'tested gtatistically it wam revealed that the thickness oﬁ
shell of eggs obtained from birds fed-aietagy yrotein leval
- of 14 and 16 per éént snd 16 and 20 per cent wers not ;

aignificant‘

¥When the relationahip betwecn eneray l&vel and 5ns11
thickness was donsidered the egys obtained from birda fed
U diet containing 2600 Koal ME pey kg had com@aratively ?A
 th¢cker shells (0335 mm) and that obtained f£rom birds feﬂ
diet containing 2500 ¥eoal M per kg had thinner shells ?

{D.331 rm). Statistical analysis'revealed that the L
differences 1n‘sh¢11 shickness observed amorg vVarious energy

o 4 |
levels wera not sighificantly Jdifferent. '
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Table 15, Mesn sholl thickness of layers fed varying levels
of protein and energy (mm).

Protein (5%) sy {oal 18/ L)L Mean
14 06338 0341 0337 0.337 0.237°
16 Ca325 00337 04333 0,240 043355
18 0a328 0325 0326 0,326 De3262
20 0.335  0.322 06337 04332 0,332
Maan 0e332 0,331 e 335 02333

s P s, [
i oyt eper-tias st e cobla o S Jervopeior G ot I afioveads Lrrls oo pia f ok b e~ brce-vito- oo TIIE P Bk o

Values hgaring the a2me supersoript 4o not Aiffer siondfle
Qaﬂtly »

Critical differerod
a1 i - 30057 Protein x Fnergy - 00,0065
Protein - = 0032 '

.
g

Teble 16. »Analysis of variance of ghell thickness of layers
£ed varylng levels of protein and energv,

Sourge as Ma5 . b
Period 12 G306 7,57 %=
Protein ' 3 00128 15,71 »%
Period x Protein 33 | 00010 1.23 NS
Eneryy ) 3 30011 1.35 N8
Period % Tnergy ) 33 Oe00DE D58 NS
Proteln x Bnargy 9 Q00347 5485 *%
Pariod x Protain x Bnergy pels D O06 083 N&
Brror 2112

Total , ' 2303

Y Y U I e ey ST 408 SR, et ey ] - o o o Er iy Ty s e ER e R I DA e IR SA NS TITR
#t  Sionificant at 19 leval,
H2. Non signifiicant.
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Table 17. Meen Haugh unit score of layere fed varving levels
of protein and snergy.

fi—~. }; ‘Aénggqy {Keal ME/RG diet) )

Protein (%) 5300 3500 3600 5700 Mean
14 82,08  B2.65 85,00 82535  83.27°
16 83,00 81,08  B1,97  83.28 82,33
15 81,13 77,15 79.44  G0.42 79,530
20 80436 V7674 T9e42 76423 78 ,44°

Maan 81.836% 75,662  01.,46°C 80,570
PO N g ey Ol (e R SR S gt S i s e e W oy ik ey o o gorivoe .ok Lok ¢ e s e e S v g prtedme

Valugs bearing the same supergaript do not differ silgnifi-
cantly.

Critigal difference -

Pericd - 1,53 Energy w 0,91
Protein - (3e51 Protein » fneroy - 1,83

Table 18, Analysis of varianco of Haugh unit score of
lavers fed varying levels of protein and energy.

Source _ ' ag Mss )iy
Period 11 4148.35 66415 ¥
Protein 3 . R5892,00 47,66 w*
period » Protein 33 82,55 1432 NB
BEneydy 3 567667 Q.08 Fi
Period x fnergy 33 60621 D96 NS
Protein x Energy o 233,00 372 #F
Period x Protein x Fnergy 99 52438 084 S
Lrror 2132 62,71

Total 2303

pr St p it b o b =} & ~fad R S T T T T S ey T A TS A e R e SIS IS TIIEIINY

#x  Sionificant at 1% level.
G- Non sicnificent.
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The Haugh unit score for egga‘ébtained‘iramvhéna fad
A} snergy lgvklkef 2400 ¥eal M2 per kg had the hichest ‘-
score (21,89) wh&le.ﬁhah.for‘zsag»kzal Hé_par'kg wasg 79»&6
which was lowest, The magnitude of difference obtained |
between energy levels of 2500 and é?@@land.that betwean i
2600 and 2700 and between 2400 and 2600 vere not statis ;
ti¢a11§ signifiéanﬁ. The paaeib&é influenéé'cﬁ period onz

Haugh unit score as affected by various distary proteine
|

enerqgy combination ia presented In appendix XII,

' 'The protein x energy interaction waich revealed

statistical significance indicated that @ protein x,energﬁ
combination of 1612700 and 1412600 resulted in cemparativély

ketter Haugh unlt score than others.

Albumen index

I
1

klb&men index {2 ancther measure of the internalregg;
guality of egos similar to Haugh unit score. The albumen .
index of the egge teceived from layers fed varying lavels |

of protein and energy werd computed and are precented in |
.table 19 and statistical analysis thepeto in table 20. '

Irrespective of thé consideration for anergy'ievels,~when}

protein levels alone are considered, the mean albumen index

. . i . N ' II
score ranged from O.084 to 0.093, the former baing the |
lowest representing 20 per cent protein and the latter thel
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highest representing 14 per cent proﬁein djet. The ovarﬁli

trend indicated an inverse relationship between albumen
L - , f
index and protein percentage in the diet, Statistieal |
analysis alas confirmed this trend, o

When the effeat.af enargy lavel in the diet on albuman

1néex was considared withaut.eanmern L Ao pﬁotﬁiﬁ 1EV@1, the

- ange observed was fxCﬁio.ﬂsé to 04091, There waa no ?
gpecific trend in relation to anergy. The lowest albumen

- Andex score was 0,094 observed with a dietary snergy ievei
of 2500 Koal M8 ger kg which wés significantly ﬁifier&nt L
£rom the other ener@y levels. The highest’ acore Gf 04091’
waa oba:zved with an energy level of 2400 ané 9506 -Reald MB
per kg and a medium value of 0,089 was observed with an f
energy leval of 2700 Real ME per kg, However, the W‘-m?%ﬂ&al

differences ohserved among the Zbove three levels of enexgy

I|
' !

were not significant statiatically,

The statistical analysig of the deta further revealsd
that significant differences exist among va;uesjqbtainea‘r
£c§ the paremeters among the 6if£arent,pe#i¢da (Appendix-L
HLI¥). Purther, interaction effects kﬁtweém protein and 1
period and between protein and energy were also significent.
Inorder Lo deﬁiphcr the beat cambinatian of protein and |

energy for obtalning optimal albuman dndex, the mean veluas



Table 19, Mean albumen index scove of layers fed varying
lavels of protein and energye.

v_,  . ;g | f%negﬂ? (Keal Mﬁ*q@g“kéfégﬁk} — "
Proteln (%) G060 2500 2600 Zioo - een
14 0,003 0,083 0409 0.0 0,093
16 0.000 0.085  0.005 0,100  0.092°
13 0.002 0,081 0.088 04087  0.087
20 0391 06030 O 034 0,000 e Pia s LA
. ’
Moan 0.091° 00842  0.091%  c.089°
o e e 2 T T e e A e T T T e e R S ey e : 20%

Valucs bearing the same superscript do not differ signifle-
cantly.

bayiced - 00043 gnergy - GeON24
proteln ~ w 50024 Protein x Snergy = 0.0049

Periond x Protedn = (00806

Teble 20. »Snalysie of variance of albumen index score of
layers f£ad varying levels of protein and cnergy.

i i " 2 M 0 i s Al ol . Sy 552 TR Y - s : L >
Source ag M38 r
Period 13 002804 GDL1Y #7
Protedrn 3 0,01114 23,02 ¥
Pericd » Protein 33 1.00133 2,90 ¥
Enexqgy : .3 000795 17,07 **
Pariod x Tnergy 33 000058 1,26 HS
Frotein x Energy 9 0200256 5050 **
Perlod x Frotein x Ensragy 94 000046 1.01 48
Exror . 21z O 046
Total : . 2303
o T e ot o EaTmTAR Rt .w:::m:a:m; N T T SR S T AN T

% Significant at 1% level,
Hs-Non significant.
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were sereened employing critieal differencee. It revealed
that the protein-energy combinetion of 1632600, 1622700
end 14282600 vere shovm to be the idea) combination for
'@btéining~eptimum albumen index values under the conditions

of the experiment,

Yolk index

The results of eveluetisen of yolk index of eqys
collected from layers fod varving levels of energy and
protein is presented in teble 21 and its statistical
gnalysis in table 2é¢ The analysis reveals that the yolk
index ls influenced by perind, protein, energy, period x
protein, peried x energy, protein x ensrgy and period x

protein x energy.

The influsnce of protein on yolk index indicated thet
there is an inverse relationship betwsen protein levals and
yolk index values, highest {0.455) with 14 per cent
protein, lowest (0,440) with 20 per cent proteln and the ’
others intermediary, However, the v&lua@ obtained with lé
ner cent protein level was significantly higher than these
okhtained with other protein levels. Likewise, that obtained
with 18 and 20 per cent level of protein wes significantly

lower when compared to 14 and 16 per cent protedn levels.




Mean yolk index of layers fed verying 1evala of
prmte_n angd energy. :

Yrotein (%)

Energv (Hbal ME/EQ ﬁi@t)

2600 2?@0 Mean
14 aa449 D456 D459 0.455 o ¢455%
16 D.451  0.445 04447 D443 0e849°
18 0.449 D423 0,449 04447 0,442°
20 0241 04445 0,439  0.437 De440°
Mean 0.447°P 0.443°%  0.448° 0.447°F

ey Sty Sy s Saert e tiva e et b s R AT ST 2y T T R BT N A TN T T ITTEDTTI TR DI QAT

Yalues bearing the same superscript do not diffey signifi-

cantly.

rariod
Protein

Period x Protein

Table 2Z,

Critical difference

- (40064
- 00037

varying levels of

Energy

Period % Energy
Protein x Dnergy

- .0037
~ 00130
- 0.6074

Analysis of veriange of volk index of leyers fed
protein and cnergy.

* s&;na£i¢ant at 5% level,
w* Siomificant at 1” level.

Soures ag Mes B
Pariod 11 0624309 G215 =
Protein 3 Os02533 24,77 "
Pariod x Proteln 33 04004458 $433 ®*
Energy 3 O«0321 J.14 ¥
period % Enerdy 33 | G00370 3,67 °%
Protein x Energy 9 T+00B49 Be30 %
period x Protein x Bnergy 99 (3400525 5,14 v
‘Brror 2112 0001072

Total 23063

ey e e R T S T R e R S T N e S R R ST SRR
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Byt the values obtained for 16 per ¢ent o protein was signi-
£ilcantly Antermediary.

The yolk index values when gonsidered on the basgis of

T
iN;

energy levels alone did not reveal any specific trend. The
highest value of 0,448 was ghtained with a éiat containing
2600 Keal ME per kg which was statistically similer to
those obtained with & Aletary energy level of 2400 angd
2700 Koal ME pér kge Similarly, the lowest value Of 0,443
cbtained with & diestary level of 2500 Keal ME per kg was
gtatistically not ﬂiﬁfa&enﬁ from the values ebtained with

an anergy level of 2400 and 2720 Koal U2 per Kg.

Combination eﬁfeét indicated thet sicnificantly better
yalk index could be obtained with a protein level of 14
ner cent and an enefgy level of 2500, 2600 or 2700 Koal MU
per kg diet. Any other combination had signifiecantly lover
valuas for thig parameter. 7The influence of period off ymik

index is szet out in appendlx XIV,
BIOCHEMICAL PARAMETERS
Serum 1ipid

The influence of the dlfferent dietary regimes employed
on the gerum lipid of the layers is presented in table 23

and the statistical snalysls thereto in table 24, Tt could
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be secen from the table that tha lowent serum lipld lewvel
0f 1.68 g per cent waz obtained with a diet of 20 per cent
protein and 2400 Keal MB per kg and the highest level of
2488 g per cent for a diet with 20 per cent protain and
2700 Keal ME per kKge The statistical analyeis of tha dJata
revealed that the &ével of dietayy protein dld not
influence the serum lipid levels wheveas the digtary energy
level had sn influsnce (P/0.01). The mean gerum lipld
levels for the four different ﬁiét&ry snerdy employed in the
study revealed thal therelie an increasing trend as the
energy level in the diet isg increased, The serum lipid

levels with & dletary ensrgy of 2700 Koeal ME per kg was

Table 23. Mean serum lipid of layers fed varying levels.
of protein and energy (0 %) e

AR D IS M i

s o | Trioray (Keal ¥E/Ka dist " ~

Protein (%) 5400 ZBO0 2600 3700 Hean
14 2418 2,08 2445 2.68 2,34
16 2,13 2,40 %643 2483 5,44
18 9,43 2425 2,58 2463 2 46
20 1.62 1.93 2435 2,68 2,51

Mean 2,302 2,167 2.4 2,75°
’ Wmmmmmmmmm*«ﬂwrﬂa‘”*n—4 v Lm”’“‘“”mﬂﬂﬂmﬁzaﬁ:ﬂﬂmm:ﬂ

VYalues bearing the same superseript do not differ signific-

antly -

Critical Alffershoe

Encryy

“ $sdD



105

Takle 24. Analysls of varlance of serum lipid of layers
fad varyinq lavela of protein ond energy.

Sourae a8 _ M3S o
Proteln 3 . 6.22 1.35 NS
Enerqgy 3 1,42 C B.37 ¥
Interaction ] Oeld OeB4 HE
Brror 48 A 0e17

Total 63

oo datir g to] =i ot Fo iy Dty e e 2 3 TEREL 73 "“‘:7&-- T T TR I e N ket A e ey

** Significant at 1% lcvel
Noalion siognificant,

sionifiicantly highest (2,73 g %) whereas it was sionificantly
lowest with a diet containing 2400 Hoal M2 per ka (2.1 g %).
The 6i£férenﬁesr@hserveé‘iﬂ\th@‘mean @erum.lig@é vaiuesg
betveen the diets containing 2400 and 2500 Heoal MR per kg
wag pot aignificant. Likewise, the values for 2500 and 2600

Keal MP per ko was homogenous.
Serum inorganic phosphorus

The serum inorganic phosphorus levels as inflaenced by
the éifﬁerenﬁ dietary treatments is set out in table 25 and
analysis of variance in table 26, The lovest serun inorganic
'ph&SPhcrus of 5.00 mg per cent was obtained for the dietary
comipination of 20 per ceant protein apd 2400 Keal MZ per kg

andg the hw@hest level oOf 6438 mg por cent é@r the
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pombination of 14 per cent protein and 2700 Keal ME per kyg.
NMeither protein nor energy levels seemed to influsnce the

serum incrganic phosphorus levels.

Table 25. Mean serum inorganic phosphorus of layers f{ed
varying levels of protein and cnerqgy (m3 %).

. . _Energy (Mosl ME/lq dlet) .
Proteln (%) 5300 SEnG T T Mean
18 5e53 5,80 607 6438 5,04
15 5290 5.49 5602 604 551
in 6407 5,04 5,97 B5e73 5490
20 500 5450 Geld SudT 573
Mean 5662 566 8480 6910
ftensa- > e g o L g Y v e e g T Ty R N ey IS I R T RN Ty e mg one Fy e s OSSN O MR IR RIS I

Table 26, XAnalysis of variance of serum inorganic phosphorus
of layers fed varying lovels of protein and enerdy.

Sourae af M58 b2
Proteln 3 038 D47 NS
Energy ' B 077 095 15
Interaction 9 0469 085 H3
Brroy . 48 G851

Total : &3

b Bt it b iy e i i e itk Yot - > Tado e peng s ik Sk e it Sy it e -errat e o grgi e ay o4 . ¢ g

NS « Non sicmificant.
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Table 28, Analysis of veriance of serum proteln of lavers
fed varying levels of protein and enerqgy.

Source AE mss F

Protein 3 0416 0«41 NS

Enexrgy 3 035 : 0,93 NS

Interaction ] 0639 . 1,03 N8

Errom 42 038

Total 63

NS = Non sisnificant,

Tabla 20,

Albumen ¢ Globulin ratioc of layers fed varying
levels of protein and energy,

\ in (o —Engrgy (Keal ME/kg diet) .
Protein (%) T400 2500 3600 5760
1é Ce38s1 Q.4241 ' 0!5431 0,401
16 0.3021 Oed7t1 0,62:1 - 0.58:1
R R Hedtied 05381 DeTi21 Q7081
20 OeB281 05831 OeB4sd D.63:1
Wiy T ity BRI Epelaapatn ot Pt s s res ot =3




Facked cell volume

The packed cell volume of layers ag influenced by
different dietory combinations employed in this study ie
presented in table 30, which showed & lowest value of 2840
per cent in dietary ammhinatians‘of 16 per cent protein,
2800 Hesl ME per &gg 1B per cent graﬁe;n, 2600 Keal Hﬁlper
kg and 18 per cent.protain, 2700 Kcal’ME per kg'énﬁ a
higher value of 3140 per cent in 14 per cent protsin, 2400
Keal M@ per kg dletary combination. In gensral, the values
are under normal vange which is an indication of normal
physiologicsl conditions of hirds subjected to varying
dictary regimes, The gtatistical analyzis of the dets
presented in teble 31 showed nelther protein nor encrgy

nave any sicnificant influsnce.

Table 30, DPacked cell volume of lavers fed varying levels
of protein and energy (9.

?rmiein (=) éégggeraygéggal.Hﬂégggdégg}27éo Mian
14 ~ 31400 29,00 20,95 29,50 29,56
16 29,00 28200 28 475 29425 - 28,75
18 28,450 28,25 28,00 28,00 2Bel®
a3 28425 08,00 28,25 29,00 263,38
Mean 29,19 20,31 28,44 28,94

B regoe ST T e sy SRR L o TS R SR EE NI
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Table 31. Analysis of varisnce of paaked cell valume of
layers fed vorying levels of protein and energy.s

Source d€ M58 F
protein 3 5,94 1,97 WS
Snerqy 3 2,73 .51 NS
Interaction ) ‘ 1.6 0439 NS
BErroyr | -4é ) ’ 3.&1’ |

:Tbtal , 63

SRR ey - eI ET e S e T e AT R e T

NS = Non gionificant., -

Haemorlobin

The effect of varying protein and énergy levels unon
nhaeroglobin of layers iz set out in table 32, A low |
haemoglobin value of 9,71 was observed with a dieﬁary combie
nation of 20 per cent protein and 2500 Xoal M8 per ko, while
high velue of 10,7 was observed with 14 per cent protein
and 2400 Heal ME oer kg cemb@nati@n. The gtatistical
.analyais of the date presented in table 33 showad bhoth

~energy and protein €i8 not have any sipnificant influemcs on

haemodlobin.
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Table 32 Haemoglobin values of layers fed varying levels
of protein and energy {9 %le

e o “Eneray (ueaz ME/kq diet} | T

Protein (%) 24@3 25&@ ~ Gt s Mean

14 1o,70 12,15 in.in 10444 10,38

16 ‘ 10457 D0 lo.00 G.89 10.09

ig 10.21 10,00 10,02 1@@13 1@5@9

20 10,05 .71 10.10 1052 10,09
Mean 1038 9494 10,05 10,24

bt tomton foo o bamtior 1o o INEIRITNTR TR A s s T e st el Y9 T AT T T e Sy e S iy ey

Table 33. Analysie of varisnce of haemoglobhin of layers
fed varying levels of protein and energy

Source ag HMaG r
Protein 3 De27 D05 NS
Enerqgy 3 Q.62 2020 NS
Interaction 9 0420 070 NG
Error 45 Yo 263

Total 63

G e R A fo el i e e ey U S T T PR R R S RN Y =t - Sy g O ST TR TR Y T I I SRS TSI

N5 = Non signiﬁieanta
Liver 1lipid

The total liver lipid of randem birds fed different
levels.aﬁ energy and protein revealed that both ngﬁrianta
influenced this parameter. The liver lipid values prese-
nted in teble 34 and its analysis of variance in table 35

indicated that as the encergy levels increased the liver
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Lipid content algo chowed an increasing trend., However,
the differences obgerved in the percentage of liver lipids
on a8 diet containing 2400 and 2500 Keal ME per kg were not
statistically eignificant. Similarly, that obtained on a
diet containing an épergy level of 2400 and 2600 Keal ME
per kg were also not significent, Tﬁe'ﬁigheet level :
(50,7254} obtained in the groq@ fed a ﬁietary enérgy level
of 2790 Keal ME pey kg wag atétistiaaliy not ﬁiﬁferent

from thoge cobtained with 2600 Keal ME per kqa.

The mean liver lipild per cent pooled based on protein
lavel alone were 54,26, 42.39, 28.00 end 33.69 per cent
. for diets containing 14, 16, 18 and 20 per cent protedn,
respactivelys The numerical dlfferences in ths values for
liver lipids were statistically not different in reapect
of diets containing 14 and 16 pér cant, 16 and 20 per cent
and 18 and 20 per cent,

Table 34. Per cent liver lipld of layers fed varying levels
of protein and energy.

Protein {%) %%gggv€%§§éQME,mg§6ggvgia§%OO Mean
14 39,18 53,21 70.26 54,38 54,265
16 44,32 33,90 39,60 51,68 42,39°C
15 21,86 10,02 29,74 50,39  28,00°
20 20,28 25,00 43,06 46,43 33,6972
Mean 31,43 30.55% 45,67 50,75°
rpe i T s e e s iy aeycy ‘ g pmamuss o pren e e e ey ettt b B h ot )

Valugs bearing the same superseript do not differ sicnifi-
cantly.

Critical) differenta - 14,92
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Table 35, Analysis of variance of liver lipid of layers
£fed varying levels of protein and energy,

Source g Mas P
Energy '3 413,00 4,71 *
Protein ' 3 52370 5,97 *
Error o 87.74 '
Total 15

b o3 et a | ”ﬂmm#x‘Au-mwﬁ-»;M——‘gwgwhﬁ;dun~~wwa»aﬁqswwm'uil.;}‘:.‘;l‘—-‘

* Sionificant at 5% lewal,
Liver protein

The percentage liver protein in_birdé feﬁ-varyiﬂg levelsg
of enerqgy and protein is presenteé in toble 36 2nd the statide
tical aﬁalyais in table 37. Tt could he seen that liver
protein is influenced both by ﬁhe vel of protein and cnergy
in the dlet. Vhen protedn level in the diet slone was
- considered, it showed & linear trend with 39,76 per cémt an
the lowest with 14 per cent pratéiﬂ and 58,59 per cent with
20 per cent protein, The values obtained with 16, 18 and 20
per cent dictary protein were not statistically different,

80 also those with 14 and 15 per cent.

Level of liver protain as dictoted by energy level did
not ghow any speecific trend. The highest valus (57.471) was
obtained with an chnergy level of 2409, while the lowest value

weg with a diet containing 2500 Kool ME per kg {32.50%),
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Table 36. Per cent liver protein of layers fed varying
levels of vrotelin and energy. .

o ~; " ,-JEn@gﬁymfﬁéélﬁﬁ&zkﬁ diég),: o "fj"
Protein (%) s T500 Z600 ST Hean
14 50496 42,54 25,92 39,61  39,76°
16 © 47.32 56458 54,96 32,90 40,177
18 65,63 70411 51,96 44,72 53,117
20 65695 59,87 49,92 46,61 55,590
thean 57,47 32,50% . 45.67” 41,219

T e T e T R g e T C S T S R o S T T T S T T S my g S o e e ey S T T e by

Values baaring the same supsrsoript do not differ siguifie
cantly.

Gritical difference = 11,74

Table 37, »Analysils of varience of liver protein of lavers
: fed varying levels of protein and enerqv.

Source aE ' MSS 3
Energy 3 272412 G065 *
Protein 3 272,70 5,07 *
Error 9 53.83

Total . 15

R o T T o T e T T B T oy e o iy S s S8 Eor e o Ty AN

* Sicnificant at 5% level,
MORTALITY

The mortality among the experimental birds which
oecurred durlng the wholas period of experimentation is

tabulated and presented in table 38, The overall mortality
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of 253 per cent owver 2 period of 12, 2B-day peried can be

@anaiaere@ as notmal.

Eventhough, there are numerical higher values 4n
mortality at certoin energy x protein combinaticns, the
auntopsy of the birds had not revealed anything sugoestive
of the influente of thess nutrients,

Table 38« Mortality pattern of layers fed varying levels
of protein énd énergy {(number).

v, (Koal ME/ka Siet)

Protein (%) 2400 ' 2500 2600 2700
14 1 3 2 4
16 8 5 3 3
15 2 3 1 6
20 3 3 0 2

szopormumm FoAS e e T R 2 e B B T e T P KR Ty TR S S Sy T s By e ety

3

CARCASS ANALYSIS

The results obtailied on the analysis of the corcagses
of birdo fed varying levels of protein and cnergy are
presented in table 3%, The values did not show any.
effective trend because of the eawrgy or protein levels,
The values obtaired are well withim th@‘narmal hiclogical

limita.
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Table 39, Corcass analysis of layers fed varying leavels of
protein and energyi¥).

Fther  Nitrogen

Proteine .
XU ion PRotein  dibre Oh gxbrioe fmee
1432400 44,08 1,07 7459 40.68 6+18
1412500 42,90 2439 0,65 38,57 6447
1482600 31431 0475 6424 58,43 3,27
1422700 42423 1421 6.75 42,77 704
1632400 38472 1.35 6,63 49,91 3239
1622500 45,56 1415 641  44.69 2,19
1612600 48,66 1,64 10,21 34,99 4,50
iszz?aﬁ 28427 1.1% 5401 59,24 6,29
'*zS:zéeo 43,15 3.18 585 35441 741
18: 2500 49,76 1.86 782 34.56 60D
181260 44448 2.42 6.5  43.12 3.44
1822700 38496 2483 5,34  49.54 3.33
2012400 45,52 1,53 6,96 40464 5435
201 2500 50.08 2430 6:64 29,18 11.80
2312600 39,62 1,74 6,67  48.23 2.74

2052700 35,43 1,09 6433 535436 1,59

P it e v e ek 2y we S e M SRS I TR S I IR PR LR IR SN S tond x4 .} o b rbo bt g foe £ S o bomrimd. -1
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NITROCEN BALANCE

The nitrogen balance gtudies of birds fed with different
diestary protein=ensrgy combinations are prosented in table
40, On examination of the nitrogen retenition data it was
ohasrved that all the hirds ahséad.a rositive nitrogen
halance irreapeatiﬁé of the protein or energy level in the
dlet, As the level of protein in the diet increased theée
was an apparent increase in the retained nitrogen, With
respect to energy levels in the diet the pattern did not

“show any specific trend,

Table 40« HNitrogen retantion value of birds fed varying
levels of protein and energy ().

iy e

et 15 __Eneray (Keel Mu/ke diet) ,

Protein (%) . ga=e==-uon 2600 5700 Mean
34 _ 1.37 1,06 . 006 ) Q.‘?? 1,07
15 1.59 1,26 133 D653 1.18
13 C 2653 2.03 1.03 1,43 1,51
Mean D150 . 3459 - 1,15 1,08
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DIBCUSSION

PRODUCTION PARAMETIRS
Body weight gain

The mean body weight gain ranging from 251 to 379 g
for the fouy 1eve;s of protein and from 296 to 385 g for
the four energy l@?ﬁla im well within normal limits for
layers. The statistical analysis of the data revealed
that rnieither protgin nor energy levels influenced this
perameter, Thatte gt al. (1981% using an energy level
from 2511 to 2811 Kea) MT per kg diet and a protein level
from 14 to 24,5 per cent also reported that no signifieant
dlfference could he obtained iﬂ‘h&dy welaghit galn, After
emﬁducting an experiﬁen“ b@ study the effumt of four
gtewet-laycr éietary feeding syatems en caged layer perfore
manee, Poran et zl. {1981} also reported that feeding
aystem had little effect on body weight during laying phase.
Mohan et al. (19§7) reported that the weight sain was
_;hiéhest in birds given 17 per cent protein diet while it was
the least in birds on 11 per eent préﬁein dlet, They
further cbserved that there was no significent difference
betveen 11 and 13 per cent protein levels, Olomu and
Offdong (1983} and Pragad et al. (1984) aleo observed that
rody weight gain waz not infiuenced by protein level in the
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dlet., Thus congidering rasults in the pregent study and
those reported by other workers it la reasonsble to presume
that satiefactory physiclocical well being could be
achieved with a protein level of 14 per cent and an energy

level of 2400 Keal ME per kg in the diet of eoged layers.

Egg production

Per cent hen~ddy egg production at all protein levels
except with 14 per cent protein and with all levels of
energy used in the experiment appears o be in the optimal
rangé. Biet coﬁtaining 18 por osnt protein resulted in
gignificantly higher eqgg production (71.15 per ceng) and
that with 14 psr cent protein resulted in significantly
lﬁ@eat egg production (58.48 per cent), The absence of
apy statistically significent difference in egy production
hatween-le and 20 per cent protein end betwesn 16 and 20
per cent diet suggest thot birds will be able to deliver
satisfactory égg production with a digt containing 16 per
cent protain. The present results confirm the chservatiocna
of Deaton and Ouisenberry (1964}, Sadagopan gt al. (19?1);
Ouadratulla (1976), Babatundes and Fetugs (1976}, Mohan gt al,
(1977), Reid and Malorino (1980} and Olomu and Offiong (1983)
who reported satisfactory ego production in caged lavyers

with diestary protein less than 18 per cent. Though,
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Sagagopan et al, (1971) suggested that the protein reguire-
ment of caged l&y@xsiliag botween 14 and 1& per cent,
avservations made in thig study with 14 §ar'cent prote in
does not subseribe to the lower limit suggested, It could
he possible that the conflicting reports on the lower level
of protein might be due to the bioeavalilability of amino
acids from ths feed ingredients used in the formulation of
diet, In developing countries like Indis whore ingredient
quality control does not exist it is msafer to rationalise
on @ slightly higher level of protein than loweyr leval

DEE S0

Egg production was not affected when energy level alone
was considered without teking cognlsance of protein.
Increasing the enetgy cantent in the game protein level fn
the &let also di8 not sionificantly affett egg produdtion.

‘Miller et al. {1957) reported a non significant effect on

egy production when metébolimable energy i1 protein ratio
varied from 36 to 81 {This suggest that the energy levsl in
the diet is not as critical as pfateia level in caged layers).
Hochreich et 21, (1958) and Mo Danlel gt al. (1959} reported
that varying the energy level on 16, 17 or 18 par ceni
protein diet did not show any effiect on egg~praduation.'
Bragy and Hodgson (1969}, Petersen (1975), Lilliie gt al.

 (1976) and Summers end Leesen (1973) also reported that
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lowering the energy level 4id not affect egy production,
In fact, Lillie et al. (1975) cgula.chserve significantly
higher egg productlon at an snergy level of 2220 than at
3080 Hpal ME per kg in the diet, Thus it caula ha safely
aurmised that a diet containing 16 pér cent protein and
2400 Kozl ME per kg dist can bring about satisfactory egg
production. |

The analysis of thg deta revealed that seamon of the
year exmrﬁe& appreciable effect on égg production,.
Scasenal influence on protein regquirement of layers hss been
reported by Reld end Webker (1973) and Chawla gg al. (1975).
The enalysis further revealed that while Season x energy
interaction is aot signifieamt.‘the interaction effect of
‘geason x protedn is significant (B/Q.05), The eqy producw
tion was highéat (73.93 per cent) during warm dry season
and was significantly different from other eeasons. It was
signifioantly lowest during warm wet ascason (39,69 per cent)
comprising of Gctober and Novembar months., It is difficult
to draw positive conclusion on the best seagon for eqg |
production in a8 much 8s comparable layers werc not started
during cther seasons inorder to decipher cyitically the
sEfent of RESgon. HoWwswer, the trend seems to suggest that

warnm dry period bedng ideal for egg production,
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Yeed intoke

The overall mean feod intake wag 111.29 g per bird
per day. The daily fead intake by the layers wag not
shown to be inflﬁeneed by the levela of either protein or
of enerqy employed in the séaﬂy. The doily fead intake due
to varying levels of energy and protein in the diet az
repdorted by various workers sre quite conflicting. Reddy
et al. (1980) reported that daily feed consumption per
bird increased sismificantly with increasing levels of
protein and decreascd with inereasing levels of energy.
However, Reid and Melorine (1920) observed higher feed
intake with lower protein dilet. Uith high energy dist
feed intake was lower, Olomu and Offiong (1983) opined
that dletary protein had no effect on feed intake vhereas
high energy diets reduced feed intake, After studying
tuo protein levels, Prasad gh 3l. (1984) also reported
that protein had no effect on feed consumption, Wilson
C et al. (1973) gtudied the iﬂﬁlueﬁce<0fltem@exatare an
eneray ilntake and stated that layers did not adjust their
aalorie intake to the cnergy level of the feeds The
veaults of the present study also agree with Gleaves and
pewan (1971) whe raported thot dietary protein and energy

d1d not exert a significent influence on feed consumption.
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The abssnce of any significant influence on feed intake
due to varying energy levels employed in the present study

might be Jdue to smaller differences between levels used,

The feed intake per bird was influcnced by season,
being significantly highest during cold wet and lowest
guring warm wet season., This is quite rcasonable in as
much aa Suring céld wat season, the bird reguires nore
energy for madintaining 1té body tempsrature which in
accommodated by inoreased fesd intaka,

Fead per Jdozen egys

- The mean values for fecd efficiency expressed ag feed
per dozen egge ranged from 1.87 to 2,82 for the varying
enzrgy protein combinations. The figures are well within
the normal range acceptable for &gy produsing stock, Thig
gives a pozitive indlcation on the genetic as well as
biological efficienay. The feed per dozen eguy considered
on the basig of protein content alone showed that 18 per
cent protein ig the best (1.94) among the protein levels
tested while the feed per dozen egas of 2,36 for 14 per
- @ent protein diet was the poorest., Howaver, 2 16 per cent
srotein diet was a borderline leval in so far as feed per
-déaen eggs 12 considered. Likewise, 20 per cent protein

diet had not shown improvement in the feed efficlency over
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13 per cent protein diet, Therefore, the reaults tend to
suggest that under conditions of the present experiment,
18 or.18 per cent protein dlet is ideal In so far as feed.
per dozen egus is considered.s Sadagopan gt al, (1971)
observed that it reguired Jless fzed to produce one dozen
egyge with dietd containing Ié»mrbzo per cent nrotein level
when campared to 12 or 1§ per cant protein., The fred pex
dozen eggs between 18 and 20 per cént proiein lsvei was not
significent. Prasad gt al. (1984) confirmed that 18 per
cent dietary protein fed birds had significantly superior
feed efficlency 39 compared to 15 per gent protein, Reddy
ggig&. fl?%ﬂ) also reported higher feed efficiency with 18

per cent protein at all energy levels fested by them,

Similar results have alan been reported by Hochreich
et al. (1958), Miller st al. (1957), Ouisenberry and Bradley
al. (1977).

(1952) -and Mohan gt al
The energy renge from 2400 to 2700 Keal ME per kg,
eventhough showad & numerical improvement with increasing

energy, was not statilstically significent. Agein for a
given protein level to increage in energy did not result
in significant fmprovement in feed efficiency. Thus it ia
evident that protein rather ﬁhaﬁ.energy is more critieal in

improving £eed per dozen eggs. However, Sadagopan et al,

(1971), Reid and Maiorinc (1980), Doren gt al. (1980) and



125

Thette et 3l., (19318 reported that increased chergy content
in the diet reduced the foed required per dozen egows, |
¥hereas, the results of the present study is in ¢lose agreew
ment with Mohen gt al. (1977} and Olomu and Offiony (1933)
whe feported that encrgy levels in the diet di8 not have any

effedt on feed reguiresd to produce one dozen €4Us,

Feed per kilogramme eggy

Expressing feed regulred to produve kilograomme egs is
a @ap@er meanure over feed per dozell gogs in 88 much as the
nutr&éht depocaition in egg ig quantitatively mmagured in
 terms Of weight than numbers In the preeent experiment
when data on feed intake and egg weight are analysed as
feed per kilogramme of egyg, the value ranged from 2.51 to
4s42. Tha statistical analysis of the date revealed that,
the trend of results wag very éimilat to thoge ghtaimad
when feed efficiency was galculated based on egg number
{facd per dozen eggs). However, it wap cbserved that the
£egd per kllogramme egg among protein levels of 16, I8 and
20 per cent were statistically eimilar, while that for the
- diet containing 14 per cont protein was significantly
poorey than sther protein lavels, Similar rxesults have baen
reported by Sedagopan gt 2l. (1971) and Thatte gt al. (1981b),
Thug when the overall results on feed efficicncy (both per
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dozen and per kil@@rammab ie conaidered a protein level of
16 por cent ssems to be sufficient for supporting good egg

nr oduotion.

The reaults of the pregsent experiment also revealed
that varying energy levels employed in the present trial did
not exsrt any significant inﬁlﬁence. This i3 in agreenent
with snméegs\and leeson (1978}, who tried varying eneryy
lavels from 2420 to 3080 Kosl) ME peé kg and reported that
conversion of £esd to egy mass wam not alffected by the diet,
However, Thatte gt al. fzﬁﬁib) rérorted that feed per
kilogramme egg masg was better on higher energy levels. In
the absence of any significant effect on feed afficiency by
energy levels in the present 1n§éstigatiah. it iz reasonable
to surmnise that a diet containing 15 per cent protein with

2400 Hoal ME per kg ¢an be considersd as economical,

BEGG QUALLTY PARAMETERS

In meeting the :equiremante‘aﬁ nutrients for production
of large number of gggs iz also eséeﬁtial to examine its
sffiediency in producing egge with sound qualitys Furthermore,
sertain of egg quality characteristics are also known to be
" dnfluenced by the housing system employed which can ke to a

great extent corrected by judicious feeding management,
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Thus, sound egg quallity traite not only influence its
acceptablility by the congumer but also a2ffects the marketoe

biliity of eggs.

The mean egg welcht obtained from lavers during the
course of experiment without consideration of cnergy or
protein was 53,86 g which is an acceptable market weight

for Leghorn type of layers,

The eagg waight was inflgenced»hcﬁh by protein and
anergy. laevels (Table 14). The resulis on the hagis of
protein level in the diet alone indicated that 16 per cent
protein in the diet resulted in eggs with highest egy
welont (54,7 g)a The difference in eyy weight héﬁwean 14
and 18 per cent and that betwaen 18 andlaa per cent dist
were not statistilecally sicnificant. MacIntyre and Adthen
{(1957) noticed that higheyr level of protein are neceséary
fmi maselmun egy weight. Similar to that of protein, the
influence of energy 4ld not also show any definite trend,
Diet containing 2400 Keoal ME per kg resulted in egos with
hichest weight which wag statistioally not differsnt from
that obtained when a diet contalning 2600 Xeal MR per kg
was fed. Likewiae, the dilfferance h@twegn egqg weights on
2500 an@ 2700 Keal ME per kg wes also not signiﬁicantly'

different, These erratic difference could be due to an
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interasticn hetween nutrients, That thie is so evident from
the statistica) analysis of the data, which indigatg that
there is highly signifigant (©/0.0l) interaction or combinam
tien effect; It appears, therefore, thobt the protelnecnergy
combination of 1632600 or 2700 Keal ME per kg or 18:2400
Keal ME per kg is ideal under the conditions of presant

experiment for obtaining satisfactory egg weloht.

It has been estimated that a shell thickness of atleast
De33 mm 18 nesded 1f the egg is to have & better than 50
per cent ¢hancs of moving through normal market handling
without breaking (Stadelmana, 1977). Judging by thds
vardstick the mean shell thickness obtained lu this ctudy

aan be safely adjudsed as normal and ecoeptable.

The gtatistica) analysis of the data revealsd that
-ﬁretﬂiﬁ ax well a8 a specific level of protein and energy
had influenced this ﬁraiég Howaver, it is paradeoxical to
note that shell thiokness is better (0,337 mm) with lower’
protein levels than higher protein levels, This could be
poasibly due to better efficiency of utilizetion of protein
at lower levels, The best protein-encrgy combination
appears to be 14 per cent orude protein with 2400 Keal M@
per kg, 16 per cent protein with 2800 Keal ME per kg and
18 per cent protein with 2400 Xeal ME psr kg,



One of the major indicators of interior egg quality
is Haugh unit score and the auxlliiary measure is albumen
index. The oversll mean Haugh unit score of $1.0 and
mean albunen index of D%@Q indicates that irrespective of
tpaathont all egye cxamlned had good albunen quality.
However, there wasg 4 statistically si@niﬁi@ant Gacrease in
Haugh undb 5@@35'35 well ag albumen index ap the dletary’
rnrotein levels inpreassd. These results are in agreemenﬁ
" with Harms and Douglas {1960)p Hurms et al. (1962) ang
Mohan et 81l. (1877) who reported an ineresse in albumen
guality with dearaﬂé@ in‘@ietafy protein, This éouid b
an indirect effect due to lowersd egg production at lower

levels of distary protein,

The other m@aaufe of internal quality is the yolk
@uality ag indicated by &olk indekd The yolk index value
in the present trial renged D.44 to 6;45; Averade values
- for Eresh egg falle bLetveen .42 Lo 0:40. Yolk index
valuee of 0.25 o lower indicates a weak yelk (Hesheim
gt 2l., 1979). Tho overall yolk index obtained in the
gtudy cén be considered matisfootory. The yolk index
decreaged with increase in dletary proteln as with Haugh
unit acords The trend in respect of dictary energy level
on yolk index is inconsistent. Scanning the literatura né

evidence was available releting either distery proteln
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leével or enecgy level asg factors either directly or indire~
ctly éffecting volk index. Yalk index being & measure of
standing up quality of yolk i3 governed more by storage

condition than dietary fastors,
BIOCHRMICAL PARANETERS

The results of biochemical parameters euch as levelé
of heemoglobin, derum protein, serum lipide, gerum
inorganic phosphorus, packed cell volume, li§Er‘px@tein
and irveﬁ 1ipides obtained revealed that the values
recordaed are within the normal ramge for healthy birde
indicating thereby that the dietery cnergy or protein
lavels tested had not adversely affected the physiologlcoal
well being of the birds under @xperimentation,s  The
variation in values oktained in gerum lipid az a
consequence of chenge in dietary energy levels is also a
) normal phenomenon. No definlte cenclusion can be drawn
from values for liver protein, liver lipide and carcsgs

analysis since the cbservations ware based on a small sample.

WITROGEN BALANCE

Nitrogen retention 1g sn indication of sufficiency of
dictary protein for tissus growth, feather development,

egg production as well se formation of proteln reserve.
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Thus the positive nitrogen belance noticed in this study
for all dletary ceombinations indicated that all the diets
supplied sufficient protein and eﬁergy for normal |
physiolagical processes, The trend of result 18 in agree-

ment with Zavgorodnyeya and Rodionpva {1974).



_gammﬂy




SUMMBRY

A 4 x 4 factorial experiment dasigned to study the
Aletary requirements of protein éﬂﬂ energy for ¢aged egy
type layers under the hot humid conditione of Kerals is

repoxted in this thésis,

one hundred and ninetytwo Single Cond White Ledghorn
gtrain cross pullets (IWN x IWP) of the Mannuthy centre of
AXCRP on Poultry for Egas formed the &xperimentél animala,
The birds weére randomly alloted to 16 dietary protein-
- gnergy covbinotion groups with each treatment having four
raplicates anﬁ'eaéh replicete having three birds, The
dietary protein levels employved were 14, 16, 18 and 20
per cent and that of energy levals were 2400, 2500, 2600
and 2700 ¥oal ME per ks The obsérvaﬁians of the exy@riw‘

ment were recordad over 12, 28-day periods.

Feed and water vere provided ad libitum. The routing
managemental practices were followed throushout tho experi-
méntal,perioﬁ. Dadlly egg'@x@ﬁuctioﬁ was recorded and from
this date heneday dgg pzoduction was arrzived at, Fead
intake data was recorded at the and of each 28-day perlod.
Feed wfficiency was caleunlated baged on both egg nunber
{kilogramme feed peyr dozen eggs) 38 well 38 egy mass
(vilogramme feed per kilogromme ega).
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Data on egg quality traits such as egy weight, shell
thickness, albumen index, volk index and Haugh unit were

recorded pericd wise,

The biochemical parameters such as gerum lipids, serum
“inorganic phosphorus, serum protein, packed cell volume,
haemoglobin, liver protein and liver lipide were also
estimated during the course of the experiment to ascesa

the physlological status of the birda.

The overall performance of the birds fed diffaerent
dletary reglmen in respect of the production parameters,
eqn guality tralts and biochemical cliseyrvations are
" presented in table 41, 42 and 43, rveapectively, The

followling observations were made from this lnwvestigation.

i. The varying levels of protein and engrgy emploved
in this study 4id not have any significant influense on
body welight ¢ain,.

2« Birds fed 18 per cent dietary protein had signifi-
cantly higher hen-day egy production and egd nroduction
was significantly lower (F/Q.01) for birds £ed 14 per cent
dictary protein. However, the egy productlon ébservgd
between 3gﬂaﬁ& 20 per cent and that between 18 and 0

per gent protein were not statistically significant.

3. Hen=day egy production was sgtatistically simllar

emong various dietary energy levels employed,
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4, The daily feed intake par bird par day was not
influencad by the levels of ératein,aﬁa encrgy employed

in this experimani,.

5. A dietary protein level of 16, 18 and 20 per cent
ahowed significantly superior (P£0.0l) feed efficiency,
when expressed both in terms of fecd per dozen egge as
well az feed pex kilegrammwe egs than 14 pef'aent protein
lavel. The differences observed amongy 16, 18 and 20

per cent protain wers statistleslly not different.

6, Feed per dozen eggs as well ag feed per hilogramme

 eqgg were not influenced by varying enexgy levels employed,

7, The maean ago welght (53.86 g) ohtained from bilrds
irrespective of the protein level or emergy level seems to

he reagonablea,

8. The eqdg welght was gignificantly influenced (P/0.01)
hoth by protein and enﬁsgy levels, However, the change |
axerted due to fegding of various <dictary c@mbinati@ng aia
not ghow any.ﬁéﬁinite trend,s The highest €gg welght was
@btainaﬁ with a dietary protein x energy combinotion of

1822400, 1612600 and 16:2700.

2, In ceneral, the mean shell thickness obtained in

this trisl cen be considered as normal. The stetistical
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analysis showed that protein eignificantly influsnced this

trait wheraas energy lévels @4@ not have any effect,

10. Irrespective of dietary treatméntg, all egge
examined had good albumen quallty an@ Haugh unit saore,
However, thera was a statigtically significant decresge
(P/0401) in albumen index and Haugh unit score ac the

dietary protein levels increased,

- 11, Though, the Haugh wiit acore and albumen index
was influenced sionificantly (2/0.01) by the ensrgy . level

in the diet, it d1d not show any apecifiic trend,

12, In general, the yolk index decreased with Increase
in protein content in the ration, whereas it was inconcise

tent with the dietary energy levels.

13, The data recorded for bhiochemical observations were

within the normal range for healthy birds.

14, Bicchemical parameters such as haemoglobin, aarﬁm
protein, seruwm inorganic phosphorus and packed cell vaolume
weye not influenced either by protain or chergy levels. The
level of dietary protein doss not influence the sexum iipi&

levels whereas the dicktary energy had influenced (PZ0.010.

15. Tha level of protein and energy in the diet
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. mignificantly influenced (B/0.05) liver lipid and liver

protein, However, the trend noted was not speaific.

16, The values obtained on carcass andlysie were well
within the normal biologleal limits and did not show any
specific effeot either due to dietary protein levels or

enaeray levelo,

17. Though mortelity of birds among certain dietary
pxateinaeﬁargy eomblnations were on 3 higher side, the
autopsy of the birds did not reveal ony findings guggestive
of the protein and/or energy combinations as a cause for

mortality.

/

16, 511 the birds showed & positive nitrogen balanc

i

irrespective of the protein or energy level in the diet,

19, Seascn of the year exerted appreciable effect on
production parameters. However, it 1g agiffioult to draw
@ggitﬁveConclusion on the heast scason in as mueh ag

comparable layers were not sterted duping other seasons,

Congidering the above obgervations it can be inforred
that the level of dietary protein énd shnergy required oy
optimum production for layers raleed in coges are 16 per
cent and 2400 Koal ME per kg respectively, However, in

practical feed formulation were amine acld balaneing



aspecially that of the critical aminc aclds being a tight
rops walk in devaloping countries it is suggested that a
dletary protein lavel of 18 per cent can ke considered as

Gptiﬂk’il 'S

Table 41. Over2ll NENMEGEEEEEE rcductlion paramecters of
birds fed varying levels of proteln and csnergys

Protein~ | . Henisday Feed Fega Feed per
enercy ' Pody w§ig§§ gy Nroe iutéke_ per kil@gru
conbination 9ein {g) ¥8 gJuction (g/bird/ dozen amme egg
= {s8)** day}l NS igﬁS(h@) {hg) e
1452400 261,82 64,03 120,32 2,31 3,59
1422500 347,78 - 56,50 108,532 2832 4,42
1412600 325,50 38420 93477 Z W08 3428
1422700 149,38 58,21 10026 2422 3465
1622400 286 .67 6782 104,77 2404 3.19
1622500 316,43 66,43 108.53 2 406 3424
1612600 441,11 65,51 114,74 2417 3,33
1632700 478,33 65436 109,55 2.15 3.32
1812400 285 450 71.44 116,78 2.00 3.1
1822500 261.67 71.49 113,22  1.93 3.07
18122600 342,27 70480 115,69 1,92 - 3.15
1842700 497,50 70.89 108,52 1.87 3.00
2012400 333,33 83,18 112,06 2417 3,40
2042500 336467 7192  120.96 2205 3,19
203 2600 337,92 74.08 113.%6 1,87 2491
20:2700 467,50 T1e53 115,09 1,97 3.10

** Sienificant at 1% level (For detalls refer aonalysis of
variance table. '

NS-MNaon significant (for detaills refer analyeis of variaence
talle, B ‘
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Table 42, Overall, ]ﬁiﬁi--lilllﬁ ey gquality troits of
’ birde fed varying levels of protein and enerqgy.

2 2 Ve ey Shg 1. . .

1452400 | 54,48 04338  83.08 0,093 0,449
1432800 53.38 04341 82,65 0,088 D,456
1452600 54,19 04337 85,00 0099  0.459
14427060 . 51.15 Qe332 82,35 | 0,090 458
1632400 T 54,03 0,325  B3.00 009 04431
1632500 - 53.49 0337  B81.08 0,085  0.440
1622600 . 55.68 0,338 81,97 0095  0.447
1682700 35.46 0,340 83.20 0,100 0,448
1812400 54,87 04328 81,13 0,002 04449
1852500 . 53,39 0:325  77.15 0,081 0,423
1832600 53,03 0326 79.44  0.088 0,449
1832700 52475 0326 50,42 0,087  0.447
2022400 . 53,79 04335 - 80.38  0.091 0,441
205 2500 ‘ 54431 0322 7774 54080 0,445
2012600 54415 04337  79.42 0,084 0,439
2012700 53,58 04332 16423 0.080  0.437

R T T S T T D S O e T S I S e ST S T R T e e e s e e e S e P e T R S T TR S S TR SR e ey T

»* gionificant at 1% lavel (For details refer analysis of
varjiance table.
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Table 43, Overall rerssmmowsee=t blochemical observations
of birds fed varving levels of protein and
ENEYGY s
Proteine Egrum éerum Serum Patked Hagmo-
eneryy lirid inorganic protein cell volume globin
combination  {g}** phosphorus (g%) N8 (%) N8 {9 N5
. ' (mgo) NS

1412400 2418 5,53 5450 31,00 10470
1422800 2,08 5,50 6e30 29,00 10,15
1422600 245 607 5.89 28,75 10.10
1482700 . 2.68 5,38 5,20 | 20,50 10,44
16524800 . 2413 . 5.90 8,59 29,00 10457
1632500 . 2440 5,48 5.53 28,00 9,89
1612600 . Z.43 . 5,02 S.71. . 28,75 10,00
1622700 . 2,83 6.04 S.77 . 29,35 9,80
1812400 . 2443 6407 5.1 28459 10421
i8:2500 2828 5,34 5029 28425 1000
1812600 . 2455 5,97 6,14 . 28,00 15,02
18:2700 . 2463 5473 S5.58 28,00 10413
2032400 . 1.68 5,00 5484 28428 10405
2082500 . 1493, 5450 $.8¢ | #ZB.00 9.71
303 2604 . 2435 6.14 B.56 28425 10,10
2032700 . 2.88 6627 5.23 a%Qm@ 10452

Crmri T R e S Y e £t e e P A e e % ey e e Py T TR TR S A T T S S S TR TR N2

*#%  Gignificant at 1% level (For detiils refer analysis of
yariance tablal,

NS Non significent (Por detdlls refeyr analysise of variance
table).
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APPENHDIX

Appendix I. Inditia)l and £inal body weight of layers fed
varying levels of protein and energy (g).

Protein-energy Initial Final
aombination body weight bedy weight
1442400 1383.33 1674,09
1412500 1206467 1647.78
1452600 1366 ,67 1686,50
1412700 131C.42 1465.63
1612400 1282.50 1703.33
1542500 1397.50 1633,.57
1612600 1300, 42 1744.44
1652700 1347.92 1821,67
1832400 1298,75 1591,50
1812500 1326,58 1690,56"
1832600 1368.75 172773
181 2700 1400,.00 1876.33
2082400 1312,50 1652479
2042500 135%,25 1675.56
20312600 1405.42 1743,33
2022700 1330.83 1792,50
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Appendix XX,
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Per cent hen-day egg production a8 influenced
by season and dletary protein,

Dyeense N Saagon e

Protein (%) warm wet warm dry hot dry c¢old wek Mean
14 55,57 53606 58,48 56.23 59,48
ia 63427 BO«21 72457 68,56 71.15
20 65683 79,75 71434 63,78 T3.18

S I e T e P A T i or S ioe bt o ORI e o S pe e g oty ey

hppendix III. Per cent hen-day agg production os influsnced
' by seascn and dietary eneragy. .

Energy = - Season

{#eal Mﬁfkg'warm wet warm dry - hot dzy cold wet Mean
2300 5866 T6422 ! 68445 63,74 66,62

. 2500 50,49 74593 70417 61,75 66459
2600 61,83 T2.66 68430 65,81 67415
2700 59,39 71,92 . 66408 65460 65.75

Meah 55,69 73,93 . 68,25 64422

S R T I T IS T M D I LopmmTIre 2O N Ty ST e 2 EmmIIINImEnTs
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Appendlix IV, Meah dally feed intake per bird as influenced
by season and dicetary pratein (g).

¥ ' : S - Season ' .
Frotein (%) wmrm wet ‘warm dry hot 6ry‘ Gold wet 1ean

P

14 : 89,14 - 10B.91 103,59 117.23 1o07.22
15 95,73 105,71 132,75 120,41  108.55
is 100.28 119,48 113,97 120,49 113,55
20 106.07 120469 115,08 121,22 115,77
Ypan 100.30 11370 113,35 119.84

R S T N e O o I O e TR T o P e Ry Ty Yo T o Syt oo v o e 3: Sy afis 2 b CEry rera ety

m@pendiz‘v.lﬁean daily faed intake per hird as influenced
by season and dictary energy (a).

N N _ s

ERaray Sgagon

(tcal %E/kg) warm wet  warm &ry Tiot diy  Gold wek ean
2400 100.83 121417 114406 117.88 113,48
2500 L 102,50 109,71 113,32 122,68 112.06
2600 89,56 112,78 111,76 120,09 111,04

2700 : 92,33 111,16 106,24 118.70 108,61
Mean 100430 113,70 111.35 119.84

NPT IR IR I T S e o P bbb Xa : 2 xdei isof > o b o bictantwt Lot e boon b Pavt e s
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Appendix YL, Feed pey dozen eggs as influenced by season
and dietary protein (kg),

»gasm .

> - 1 (e . , ‘
Protein (%) whrm wet Warm ory hot dry cold wet | Mean
16  Z40 1,88 1.93 2,20 2410
in 1.98 1:79 1.89 2411 1.94
20 2:00 1.82 1,94 2430 2,01
Mear 2414 1,88 1.98 2442
:nmﬁmzmﬁmamms:zmmmm:::::mmnm& x : et g

Appendix VII. Fead per dozen egge @s influenced by season
and dtietary energy (ko).

Tnergy e Season . Moan
(Kaal ME/kg) warm wet wearm dx.nr hot Ary ccm wer

2400 2023 1.94 2402 2,33 2413

2509 ' 26158 1.87 1.94 2,911 2622
27@@ 2013 3@89 ’ 1.95 2018 2.95

Mean : 2414 1.89 1.93 2,41

o vt = s tre ,..;.“x..,‘..mumm—mmzmmmmmam:mwmmwwammra
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Appendix VIII., Feed per kilogramme of egge as. influenced
by geamon and dietary protein (k).

< den for N L1 0o VSR VI
Procein (%) e verm oty hot ary - oold ver Vesn
14 3.72 3.38 333 4,54 3.74
i6 387 387 2.92 2622 3,27
i8 3.34 4098 295 3.15  3.00
Maan 3458 3402 3408 5.59
£ I T e I S A I ST A R TS I R A Y b L e SEmene Eont et b

Aopendix I¥X., Fead per kilogramme of egg’ as influenced by
sgagen end dletary energy (kg).

&l BpEpTPe— - e -

. Energy N Seazson « — Mean

(Kesl ME/kg) warm wet warm dry hot dry  cold wet ‘
2460 375 ‘3406 3407 . P 3,32
2800 3457 2495 3202 4439 3.408
2600 3.34 3,00 3404 3:28 3.17

27@@ 3.5? 3098 E 3.08 3.25 SQZB
Mean 3.58 3,62 3405 3456 '
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Aprendix X.

Mesan egg weight of layers as influenced by pericd, distary protein
and ensrgy (9)e

period et 70 Mean
1 47,73 492,41 . 42,08 - 403,55 43427 48,34 49.10 48,11 48.46
2 50438 51,27 50,58 52460 61,11  51.82 51,07 55.83 51.21
3 49,96 51,07 51.27 52.65 31,48 52,42 50.65  50.40 51.24
4 52,62 54,70 52424  53.65 53.86 53,38 53,57 52,31 53.30
5 53,78 53.95 - 53.22 - 53,36 54.45 53,25 53,51 53,211 53.58
6 54.00 55.82 54,21 54,33 55,11 55,06 55.22  53.07  54.61
q 53,38 53,89 52.41 53,70 53,43 52.53 54,98  52.39  53.33
a 53,57 54473 52.78  53.87 54.24 52.94 54,95 52.82  53.74
9 54,94 56,35 55,55 54,63 56,38 54.68 55,36 55,05 56,234
10 56,04 57.70 56445 55,54 57.31 55,96 56,99 55,88 56,53
11 56,18 58,64 57.00 56.65 57,18 56469 57.46 57,22  57.14
19 56407 58.52 58,05 57,67 50,60 50.68 58,25 57.59 - 57.80
Mean 53,30 54,66 53.51 53.96 54,29 53.64 54,26 53,23
T T I T S TR T U A Y RN B R T Ty e e e o L P T N I D A T e DI s S SRt ey ey e S TR e e s e e it
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Appendix L. Mean shell thickness of layers as influenced by _perim%; dletary protein
and energy {mnd.

Period 1% eela gl — S el Rk Qe wean

1 D345 ©.345 04335  C.238 Ue333 D340 0,348  G.343  0.341

2 04356 0356  0.341  0.347 0e348 06351 0,349 0,382 0350

3 0e357 02352 0.357 0360 Ce386 0,353 04359 0£,358 e 337

4 04328 0339 0,321 0,319 D327  Ge331 04324 0,326 0327

g 0e334  0.333 0,327 0C.321 0333 D328 0,327 04326 5,329

& 0332 0327 0312 0.326 0.332 0324 0330 0.321  0.324

7 0e324 G320 0.305 0,316 0.314  0.311 04320 0.318  ©.31¢

8 0322 0.315 00306 0,321 04315 - 0,317 0317 0,315 0,316

9 D.340 0.341 0,331 0.340 06339 0.336 0,342 04337 0.33€

10 0e324 0.329  0.323 0.326 0326 04323 0.326 06326 0,326

11 De34B 0336 0,335 0336 0e337 0.336 0,344 0,337 04330

12 0x336 04327 0,323 04329  0.332  0.325 0,328 0,331 ©.329
Mean 0ed37 0335 06326  0.332 Ca332 04331 0.335 04333

681



Appendix XII. HMean Haugh unit score of layers as influenced by period, dietary

protein and energy.

Protein (%)
i6 s

Pariod ie BT Hean

1 B89.40 91,48 a7.15 87.44 9071 87,56 B9,56 B7.63 83.86

2 87.75 87.60 984,31 B83.58 8769 85,18 85,48 84.90 = 85.81

3 89,71 90413 87.65 87.42 50417 86433 0077 87.63 88,72

& B4eS6 84454 8067 79,927 83,50 8S0.56 B3.T5 82,27 52,52

5 8219 79,25 77.33 80.04 79.83  T8.52  B0LBE  79.52 T

6 B1e81 79425 78.88  77.52 79435 78429 T8.96 S0.83 79,36

7 B1.19 0004 7582  75.25 79,98 76,06 IB.83  T7.52 78,10

B Ble75 S0.44 79,00  TB.29 80e38 7935 79,27 BO.56 79,89

o 12413 81,38 79.69 73,81 00427  TT10 79,33 080,29 79,25

10 V8415 T5.95 T4e48  T0.79 T4e88 73485 74,58  T5.65  T4.54

11 7860  T3e23 75,10 72.44 79.04  T4.71  TH.60  T4.02  THL00

12 B1.60 7960 T4.21 74,01 76.94  78.27 7808 76,02  77.58
HMean B3.27 82,33 79,53 73.44 81489, 79,66 S1.486 BOLS7

R B R B e T T T o T T T T S A e ey e Sy S ey e e T e
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zsp;_:enéix XIIT, Mean alburen index goore of layera as influenced by peried, dletary

nrotein and enemy.

Protein ( %)

Energy (¥cal ME/xg diet)

Period  —gr—"%g 18 55 3800 2500 2600 2905 Mean
1 0,308 0.116 0,300 0,100 0.112  0.102 0,10 0.0l  0.106
2 0,103  0.104 0.094 0.092 0.104 0409 0.097 0.096 0,098
3 04316  ©0.117 0.108 0,108  0.116 0.104 0.120 0,110 0,112
4 0.100  0.099  0.088 0,085  0.095 0.080 0,097 04092  0.093
5 0,001  0.0B1  0.8095 0.080  0.080 ©0.081 0.085 0,081 0,082
6 0.088 0.084 0.080 0,077 C.082 0080 0,082 0086 0,083
7 04096  0.096 0.080 04080  0.091 0.083 0.091 0,087  0.098
8 04094 0,093 0,088 0,086 0,091  0.087 04090 0.092  0.0%0
9 0.096  0.094 0.086 04074  0.089 0.082 0.028 0.09 0,087

16 0.080 0076 0,071  0.072 0078 04069 0,074 0,078  0.075

11 04069 04072 0,079 04075  0.077 0.063 0082 0.073  0.074

12 0070 0076 0.0 04075  0.082 0.066 0.081 0,083 04078
Mean 0093 0092 0.087 0,084 04091 04084 0,090 0.989
= TRERLIDITIN o e e - 2 IRAE SRR TR b B e fiidior o pT S ORI T S S R IR ST N T SV SR
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#Mean yolk index value of layers ag influenced by period, dietary
protein and enersy.

Protein {)

Feriod I3 16 T T tean
1 0461 04455  0.458 D.454 Ded55 04459  0.460  0.452 D e457
2 ‘0451 - 0,438 . 0.379 - 0,431 04435 - 0,383  0.437 - 0.444 - 0.425
3 - 0af63 0.452 . 0.459 . G452 . 0,455 D455 04458 04459 - 0,456
4 U4 Ca440 - 0433 - 04437 - Ge439 - 0.440 G444l - 0,430 - 0.438
5 0458 00447  0.446 - D.438 0,446  0.443 - 0445 - 04451 - 0446
g:) 0440 0.437 G433 0.425 S 0ed3T7 0438 0.427 - 0433 0,434
7 De435 . D835 - 04931 - 04410 0.432  0.430 - 0,433 0.436 0.4
B 0a433  0.427 . 0ud31l - 04828 0,438  0.430 - 0,432 - 0.426 - 0,439
o 0ud63 - 0.463 - 0.462 . 0.447 0450 0,857 . 0.460 0.461 - 0,459

10 0e860 04457  0.454 0.441  0.454 0.452  G.452  0.455 - 0,453

11 04476 QudT8 . 04865 0467 0.468 0,460 - 0,477 0.472 - 0.4%

12 Qad74d  0.858 0455 - 0452 CedB2 G,462 . 0,459 0,455 . 0,459

Mean 02455  0.449  0.44% 0.420 0a447 0443  0.448  0.447
R S S e S
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ABSTRACT

A 4 x 4 factorial trial designed to study the dietary
requirements of protein and energy for caged égg type
layers under the hotehunid conditions of Kevala is
presented in thie thesis. Single Comid Waite leghorn
atrain crosg pullets (IWN x IWP) of the Mannuthy centre of
AICRY on Poultry for Hggs formed the experimental subjects.
The birds were randomly alloted to 16 dietary protein- |
‘anergy conbination groups. The dietary protein levels
amployed were 14, 16, 18 end 20 -per cent and that of
enargy levels were 2400, 2500, 2600 and 2700 Keai ME per
kg diet, General gbégry§t4mga @ﬁ gﬁé experincnt were

recorded over 12, 28«day periocds,

The varyiag_leveia of protein and energy employed in
thig study did not have any significant influence on hody
welght gain. DBirds fed 18 per cent dietary protein had
gionificantly higher_heﬁaaagve@g pradustion and it was
sionificently lower for birds fed 14 per cent distary
proﬁein.4 Egg production ohsexrvad between 16 and 20 per
cent: and that bétweeﬁ 18 and 20 pér cent protein were not
atatistically significant. Hen~day egg production was not

influanced by various distary enexgy levels employed.



The dailly feed intake per bird per day was not affected
hy the 1evelé of protein and energy employad in this:
experivent. A dietary protein level of 16, 18 and 20

per cent showed significantly superior fedd efficiency,
,Ehen expreseed both in terms of feed per dozen sggs as
wall as feed per hRilogramme egde Feed conversion
efficiency wae not- influcnced by verying encroy levels
employed., The egg‘wéight was sioniflcontly influenced both
by protein and energy levels. However, the chenge exerted
dus to feeding of varlous dietery combinations did not
shetv any definite trend, The mezn shell thickness was
ajonificantly influenced by életary protein levels vhereas
encrgy did not have any éffeat. There was & skatiptically
glanificant decreass in albiumen index and Haugh unit score
as the Jdletary protein ;evels inereased, The Haugh unit
acore and albumen index wag inflvenced significantly by the
energy level in the diet., The yolk index decreased with
increase in protein content in the ration, whereas it was
inconsistent with the distary energy levels, Biochemical
parameters such as haemoglobin, serum protein, serum
inorgenie phosghorus and packed ceil volume vere not
inflvenced either by pfctéin or energy levela. 7The level

of distary protein did not influence the serum lipid levels



whereaa the dietary energy had influenced. The dletary-
protein=engrgy combinations in the dlet gignificantly
infiluegneed liver iipid and liver protein, The values
obtained on carcasg analysis were well within the normal
biciogical limits and Aid not show 2ny specific effect éu@
ko differant dickary treatments. 211l the birds showed a
poaitive nitrogen balance irréepéctiv@ of the protein or

energy level dn the dlet,

on the vasis of these resulte it ¢an be inferred that
the level of dictary protein and gnergy required for
optiman prmﬁuaﬁ;en far layers raiged in cages are 16 per
cent and 2400 Xeal ME per kg, respectively. leowever, in
practical faed formulation vhere amino acid balancing
egvecially thot of the critfcal amino acids beling a problem
in developing countries it is suggésteé that & dietary

protain level of 18 per cent oen be considered as optimal.
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