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muy prografmsss had been planned and implemanted in tin®

past with vairying (Segre^B .©£ suceess for 3^io«economlcs

uplift of the t-^eaksi? sections o£ society* Aitiong them

l^ultry Sajrming has establislied itself as a viable enter

prise for impsroving the .mral eaonoin^*. The tismtk^hle

progress irsaae by the poultry industry in oar county duririg

th.® last 'two. aacaaes bears testifa©ny to this £aet. The

poultry population increased from 115 millions in 19S1 to^

1S9»30 million® in 1977-* Lilc«wise,» the egg production ha©

riseja frcKis 2340 crdllions in 1961 to 13500 millions, in 1983

.an«3 th© value of poultrjr prMvicts lias increased from 650

million rupees ifi 1961 to 8700 snillion rupee© in 19Q3.

Sventh&ugh, Xiidia holds seventh position an^ng oountries of

tt:^ world in total egg piro(3?2Ctiors# pereapita availability

is only 1B*9 eggs aa TOmpared to 300 to 350 in developed

Gauntries i^non, 1984),. tn order to achieve the t^get

recmiiKsrided by the National Gomraission oh Agriculture, v.;®

•have to pr.oc3tA3e mor© than om lakh .million eggs annually in

a^ition, SuGli target cars be achieved only by promoting

Imm and simll scale poultry iarsriing in ths country with

precision 'kna^Mm^ to generate raajcimyBTt prodiidtiOT without

waste inputs^



FeQ(3 cost. bsAng sliigl© r?® Jor co0% £acti©f in an;f

poultry production operation, ©ffieient feed managernent

uLll reflect itself In the |>rofitabillty. tt is asceptea

that feed cost aion€ accounts £c?sr about 70 to 75 per

the total cost of poultry ptodmztion^ Durliig tm last

few years the f««d juices in the country are increasing .

gradually^ This incrcasirig cost has not, beer^

fnatchea by proportioijate rise in em pricess. 1*5 t&

eontain t^his pressurs on prcKaoctioii coatinnQUS efforts :hav®

to be maae for the production of efficient ai3d ©cjonomic

poultry rations•

The efficiency of utilisation of a Seed is mainly

T' governed by its energy and protein coj^t^nt. Likewise, tm
aost of fsed is largely dietatsd by its pr&tsln content,

lo as rauctri as the feed eost is th€ msjor es^penee iterm in

producing egg and rnest, a balanee lias to be struck at the

'economic energy ana: protein level in the ration,

%£ eonventionsi daep i4.tter rearing system is 'being

rasidiy repaac<?d by the cage system due to the spatial and-

lafcour saving adv^ntagea of tlis latter system, CmBeqmntXf,
it has become nseesseiry to reasseas thS' nutrient require-

vis-^i«.vi3 the eag.«i environment* Khile the mxtrlmnt

r€!f53iren)ents of ehicken raised in deep litter system have



-•<_ cscfe^issively studied anrJ documerited, sirailar atten^ts

:iti f'esmcfe of cage reared chicfeen are limited® The

Natlonai Re"§eaxreh CoimciX ^ A^tietaltiaral R«eeareh

•CQuncii {iV-RG) or Indian StancJaras institution (tsx), the

iilnree maj©r organisations which s®t standaras o£ nutirient

reguirenietit for poixlt^y for adoption by £ar»©rs and

©ol€.ntista, seeme silent on the requirement £or poultry

raised in cages due to want of sitSficlent information for

STISQSKSI^ndation«

The a?€quiireri?snt ©f nutrients is also reported to be

partially iRflu(enc€d by the genetic Riakeup &£ ttw bird,

'Siilfii tlierefore f^neans that fos- ®adi genetic raoterial that

f. is being evolved for domai«reial exploitation there should

fc« eiraultaneous assessment of it© nutrient rnqniremtnt

atleast in r«8peot of major nutrients before the new germ«

Ijlasm^ is released, ^he All India Co-<jrdinateS Research

Project ihXCRP) on Baialtry for Eg-gs, ffennuthy centre has

i<S€infclfie^ a strain cross- White Leghorn cliicken vis,,

IMI K as a possible cross for commsreial. es^loitation •

for production. It ie necessary tss deternrdns the energy

ana protein requirernents of this w^train cross ao that whet^

tISils is- relsaaed tlie tarrnms can he ad\ri®ed on their

nutrient needs £©r econGmic production,, 'nws, tho present



stilly was taken up with the twin objecfelv© of agseaeing

t'ae dietary protein and enersgy requireiTjents of caged

layers in general and that of the strain cross x iwp

in i^rtlGulaff under tlie hat hwnia climatic conditioins o£

Kerala,

T-

""t





RE¥ISK OF hlTSmtrnm

Prbt€lo rlGh itsgreeiietits are eaatlier among the

,€eea soyrces used in poultry fssea raanuifaeture a.ilc3

fftey have to be judiciously selected io the formulation of

eeonomie ratim/p, Coneequently^ in reccnt f-mm scientists

x^otkA-m in the ar«Q of poultry nutrition have been

Btmrnpting to srriw at foiological optimum IqvsIs of protein

ia rations imasr various conditions £or eeojieftiic proa\ietiorj«

.Tm proteiQ i?eqiiirenKats of laying irjfliaenced by

various faetoriS# Th?; Bim, larked and strain of layer®,

envirotimentQl tfSit^ratiare,, st©ge of production, energy

Gonteirjfc of diet, typ® q£ houaing system and the. like

iiifIticrj-Oss £es^ intsjfis ultlmstGly tlis c3i€!t3E'y protein

mciniritmntsm Ths following mvim is an attempt to throw

light on the reeent researeH^g that h&m hmn coriauct«d

fc^th in 2n^3ia and outside ©n tl^e various fastaro wfiieb

iagluer^ie aietarf protein and mquimmnts of caged

layera'.,.

Requirement of Protein

•The response of four strains' o£ egg pri^tioisig birds on

^ diets contaiftiftg three cliffarent prot«2ia levels vis«, 13,
IS sn'd 17 p€r ceiit was studied fey ffcreng e|_, (1964) who
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ciaiiTjsta that straiiEi aiffer«sRces €sci@ted In pirotein requisre^

jisents# C!uis«fib®rry (1964) observed that egg produ

ction t^sss liighest at 19 p?r cent protein level and body

weiglit and egg siais at 17 per een.t« Internal egg quality
i

ill terms of Haugh mit mcomm waa. iiighsst at 15 per cent

pmt^ln leval* VJh€ii -proteiri eofitertt 15 per cent or

lower, hody insight, egg 8lss« ana feed efficiency were

#spir«s:se^^ leering jxrotein lev^l as laying aiSvanced

reduced the egg siaie and body weight significantly but

tended to ifiTprove egg p-ra^uotion m<3 feed efficiency.

In an attefipt to determine whether genetic differeneea,

if any, #xist irs protein^ requirements bett^een Soar strains

o£ egg type stockjs* aeaton and Quisenberry (1964) tried

£our (3if£erent protein oontbinatioias under two housing t:fpes«

The dioita coritainea 17 and 14 per ccnt protein for 336 days

and a 17 per cent protein dscreassd to 14 per c®nt with ©fis

p^r cent deormsQ S6 days until 14 per c«nt vme

r«aahed and 14 per cent increased to 17 per cent ylth an

.insr@a-®i3 of om p^r cent every 56 dajfs- tmtil 17 per cent was

reached'. The iraasing consisted of colony and individual ,

^ages* The results a highl^^ significant •strain x

protein intsractloa for average production,- egg

imSght arid feed effiGienay for birds in both housing types.
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h Mghij^ eiisiilfieant strain sc protein interaction was fotuicB.

£€sr average taocly weight, l-laugh unit score arja anell tliiek-

•ness In imdi^idual cage©^ i^en onlj^ protein levels was

birds housed In inaividuai cages receiving the

increasing p^otQ.^n dist laid sifmifieantly more number of

fgga with significantly heavier egg weight and batter feed'

Bir-as hoiissd in.e&lcny ©ages laid more eggs
I

t^ith a better feed efficiency and significantly heavier

eggs -Wmn receiving a constant 17 .per cent protein diet* ''

Pepper et q1» <19q7) conducted two experiments to

Inv^estiaate the possibl© inter-re lationahip between dietary

protein and csXeium' £or laying hens. In tfxQ first es^^ri™

msnt foitr levels of protein vis„, 12, 14, 16 and 18 per cent

and levels o£ daieiuai vis^-, 2*4 and 3«S per cent and

three levigls ©f tGrephthalic acid {to potentiate cation)

vis,# o, 0,25 and o»50 per cent were employed* The 12 per

protein diet r®solt@f3 in significantly i®%^r egg

produetion,- smaller sggs and poorer fee<3 utilisation than

the liiglisr levels of protein,: In the aecoiid es^periment.,

•nmm protein lev^X® vis.^, 13, 15 and 17 per cent ana three

caisi^n l«av€ls vis,, 2, 3 and 4 p^r cent were, tried in

fsetorial design. Ho signifiaant differences were noted
1

for €gg production, feed litilxsation or egg ^^eight beto^een

ttece levels protein tested. They eotlM not observe
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&nf significant Interaction between protc-ln and calcium IB

both the ©Kperirr^nts. the'reoults suggested that

.th€ highest level protein coupiea ^lith highest Uvel of

caiaiOTi gave optimJin performnee. Factors aff^Gting the

protein requlrefr^nts of layers 'yas stuaied by Spsers and

Ual%Qm "(1967) who eoriGluded that thers a significant'

•effect of strain on protsin requirenxsnt.

©wings ct al, <i967) atuaied the infiiience of distarj^

protein level ana Mfd dsfisity in cages on egg production,

end liver fatty acicls^ ifJhite Ijegliorn pullets were housed

in iO" 2c 16" cages at two aacJ threo birds per cage# They

fed with diet© contcilning thr^e proteisi levels viz.,

17*5 and 19*q p^r e©nt* '2^g performance o£ birde fetl

tbB aciovis protein diets, respectively^ was i .n)ortality -

©*03, 11.2S and 10.83? hen~day egg production i%) -» 63«8,

63t2 ^<3 6S,0> pounds of feed per dosen eggs - 4,lo, 4»2S

arsd 4,14* there was no promuriced relatlonsMp foetv;e«rj

diets or coridentratioras o£ hens per cage on the distribution

of fatty acids in the liver or the total anKSunt of liver

lipids*

WMle evaluating iour qef^sal grains Cbaxley, oat®,

t^haat and corn) srirl thr®.© protein level (lo, 12.$ and 15,0 '4)

combinations ior layer perfoEH^nce ^ l/illie and Denton (19Q7)



^served that Mghar the fsroteln levelthe greater the

• egg produGtion- and bc^y weight gsine, irrespective of

grain,- ^tortality idwer 011 15 pet cent than on lower i

|3rotein levels* E%ea consumed per ^gqs ram greater'

on 10 |3«r eent than m Mghsr protein la^vels# Blayloqk '

ft <i9&7) eordosoted three es^riniesits to- astsrucjine tHjs

protein jf«qiair0R!eEit o£ the laying TWo. ej^risnents wisre.

started during summer ami one during winter» Dietary protein

• level® ranged from, i3 to 21 ^r eerrt* Dsil^ feea intake was

SLB lav as T? g. per- bir^ p«r day <Swlng jsus^r months? and

hi^h aa lis g per bira per day dmitig winter.# 'X'hia wia« i'
ii

variation in ^ily ,f«ed intsk^ dtae to, enyirenmentai •

tent|;:«ratur© resultgd in a 'widC! range g€' <3aily protein ms\
ii

«niirgy Intakes* Tne res^Uta also inMca%Q& that the protisln

requirement of layers was probabljr no higher th:an 14 g ptr
I

bird per aay- at rates of lay upto at least so per c@nt» |
Egg weight was r€due«d at protein .intals^a h&lm 14 g.,

per bir<3 per <3ay * ;

Signifieant strain aif£«r®nce in protein r«quir*meat»

vas reported by Balloun and %ieers (1969). in an att«isipt'[
tQ sti^y the €^f€Ct of different protein Xevals vis*^, 14y ^

16 and IS per cent on layer perfornians® in two >strainiS of '!
i'

^?hite teghorm. Smith gt <1970) abaerv«<3; siani^icaytit i'

diS'ferences with respect to htn-^sy egg production, f
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p«r kilografT?ri® of eggs, average ^gg Weight and 7,2 xme'k .

foody weight, whereas n© slgirslfleant differencea were-

observed with regard to fee<3 per do^on eggs and layling

pariod mprtalitjT* Effect of protein level esi proSmtLm

traits in the flra.t ana secoBd halves of tlis 46 w^ek.a

laying p€;rlcK3 wag measured In thrs# v^trains ' (nmt aad

Altken, 1970) • Tii& hlr^s xmre fed with diets'having

protein levels vis,, 11,: 13* 15 and 17 per aent

having'th& same aralno aeia pafctern. Birds from each

protein level In tlw first half mrs randomly divided into

^oiir groups, each feeing pXBc^d on one of th.s fo.ur protein

lewis for the second half. Birds on 13 par csrit protein

^ throughout laid-significantly fm-J&r eggs tl^an birds on 15 '
per cG-nt tlirowgliout, wlille 1$ and 17 par eertt prq.t^lfi were

ccjq^rable. Birds started or^ 13 per cent ai^a ©witcjhed to

13 per cent were comparable to IS per cent protein

throughout, Strain, protein and protein x sstrali?? liEiter**

aation were, sigrjiflcant for egcr weight., A four per cse-nt

change in protein level a££ected egi'lf weight while <2 two

per cent change did not, except when tiie clmrige resuited in

feeding of 21 per cent protein in ^^hieh cae© egg weight

decreased, .^^rtality was inversel^r proportion&l to^proteip

level.
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^ Ifi (3srder to hypothssis that light weight

Mrds reqtiilre a aiffsrent, nutritional regiiT® dxaring the

las' peJciM faetliitoi and heav7 welglit folirds of the safne

strain, Wm-iXer ana O-uisenberry <1971) «2ond«et€d a trial

ana reported that hen-day prcsductloR was significantly

^if£<3r€nt. between each weight elasvs and 'waa positively

correlated to pullet body I'^ight*, Small birds ^.^ere slot-;er

in attaininej sexual matarit:/, Egg sis® i-ias directly related

t© body weight, Livability was positi^ly correlated to

l^uilet'body weight. They also reported that i.nereaslng the

protelri level resulted ifi a digKiiflcant increase in hen-day

©09 pJToduction for ti>e light weight birds but not with the

'Kiedium and ihaavy wight birds. Cimningham and Butta <1972)

conduGted a study in which pullets were given for 17 weeJcs,

SletB x^ith 2•3-3 S^al niettifoollsafole ensrgs'' psr g aR-a 1^*28^,

14#21# i6#07 or 17»95 p@r cent protein# Egg prodiictiori

inersased as dietary protein inareassd and with 12 per eecit

protein fewer and smaller egg® v^ere prDdiK:ed tten the othsr

(Siets#

The eJrfeets o£ .feeding different protein levels and' o£

changing protein l€vel3. on ©gg prodtiction, egg %^@ight^ body

ti7eight an^ fesa intake mre investigated by Fernandes al»

<1073) • It was corscluded that a diet containing 13 per G<5nt
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.parot^in and supplerfBtited with ly0ine and mefeMoaine was as

as levels oi 15, a? and 18 per cent protein for

©ifcfjorfciag opfeiroum og^ production ciiid egg sitss. The effecfe

of' protein I^vei on body t^jeigl'st gains varied. It tiJ'as also

©bserved that egg produetion did not change significantly as

a result o£ changing protein levolis after eight or ten weeke

o£ p??oia:uatiqii £rom IB, 11 or 15 per aent protein to 15 or 13

per esnt protein. I^sring t'm level o£ protein in the di<3t

a;gter IB veeks of prodiK3tion had no adverse effects on egg

producfci0iii. ,The level o£ protein in ths different tteatmenta

did not affect egg t^eigiit© es^eept wl^en a diet with 11,5

pet cent protein ii?' Wniah case it >?SiS inferior* Feed ifttakos

i, S©ir tbe different levels of protein fe<3 birds were equal,

iRei<3' and Weber (1973)' conducted two e^qs^rimsnts in

laying hens to •evaluate tho effects o£ eqvironmsntal'

t©Ei|>orature on methionine and total protsin neeas. In the

first birds t^ere housed at 21.1 or 32.-2''c and fed diets

eontaining IS,6 per carst protein vith motliiofiine plus oystifie

levels of Q»S, o«5$, 0,59 per eent or 20 per cent--protein with

O.S& per omt sulphur arnino acids. Birds honsed at 21,i®c

ocmsuf?r»d 12*5 to 14,0 g protein per clay t=?Jien fed the 15*6

per cent protein diet, while those on the 20 .per cent protaia

diet eonstnTjed 17.3 g protein ptgr day, higher tempersturG

£e<3& Gonsumption was reaiKed, in the second tri£il^ protein

-"t
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-"K. ilitak«s were equalised for birds housed at 2l an«3 35®C over
a range of 12»7 to 2o«i5 g p@r ^3ayo. siigni£icsrit iiTiproHfements

is? egg production obtainad with isiereaaed protein

<5ons«fj^tioi5 at 21®C.,, while no such incjfea.se in prodia^feion

Mm obtsin^a with inereased protein iritake at as^c^

Tkace-^ ^ (1973) ©pinsd that bens o£ six to eleven

;r5iontlis age require a 17 per cent crude proteirj layar 6iQt and

that can Ese redycea to IS per cent between II am %S months

md thermalter to 13 per cent providea that ths limiting

QR^no aciicls ars in sufficient afriourjts ami i« particular

l2^s.ine> SmBrnlno seia© and trs^ptophan, Kolstad ancl him' (1974)

tried m^w leveia of protein 12^ 14, 16 and 1© par cent

in layer fSlcts aM dbB^evm that tlie tersdancy to higheir egg

p^-oaiictioa higfmt protein content of th& diet was not

significant,nor i«/as tliere a significant effect of protein

cont€rit of «gg quality, fean protein utiliaatiosi was 28,3

per cent ana varied considera'diy witl^ protein content from

3S»0 per cent wLm 12 per cent larotein In the diet and 22♦ 9

Ijer cent witli' is p^r cant prot©lii..

In a stuay* Singli ®id Talapatra (1974) enployed five

pr^5t0lrs levels iran^lA to 28 per cent with 2377 to 2473 Kcal

per Mg diet* Eis rstio© of ensrg;/ to protein varl<sd £tQm

8*6s3 to I7,.7il* ffeither high nor low protGin content
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\ iayi,ng_» the liiaio©te<3, thAt alsotit 20 p6t[
.cent ^ot^in i!iay giv« he&t egg pro^iiction wlthiin diets ot\

m;tabdii®«^le energy arduna 24m i«sal p«r kg#,, ^vgoro^nyiya

aiia aoai<^va Ci974) assesis«d tlie prodiKnti-vHf qi^lity and I
Mteogiin, iMtaiboHsm irj piirebfed and ei?0»sbr«^ liens on

^&m€ fe®<5ifiQ* Ijeghojcn hens of Cand Dlima, l^skovir'kaiyi
i

of B and Q lines and their crosses wer« usea* iMring three
li

^ses of egg laying, from months one to three, four to nine

and lo to 12, each group of hans got a concentrate diet with

17 psr cent protein (control) or a ^iet with 19, 19 or IS

psr cent at phases on«, two or three, r«speetiv€ly# , Mne p

ligghoris the, hybrid h^na the control aiet'laia i

,i., ^lijraificantly mosfe eggs and ate 1ms pmt^in per lo ecjga ih

all, the phases than th« other bird#* ^hoae birds on the '

control diet laid ali#itiy mor® eggs during a year than thfe

€torr««|3ottdlo^ tor leghorn b the ©ppoaits was trw.

Ouring the third phas«, bird® .on the 15 per cent protein di«t
•gav« mere but lifhtier egg® than those on the osntrol diet* 'i

• I
^part £roas at the IMh month of laying, with nagatlve M

|i

balancee, the ^toskovaJcaya and Legi^orn t> hens on IS p«r card
!

p£ot^±n diet all the other triela had isositive Kf balahc«8

of 0*12 to a#-33- g per day,
- . [

^ayer C1974) condiictM two feicding -trial® to^ i'

BmeB& the daily ^ot«in intftlce r«quiir«ment of laying h^n#'*!
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tn the first trial .18- dlo-fee provided estimated protein intakeo

o£ 15 to 19^25 g and in the seesnd 24 ai.et® Iiaa £our estimated

m&rqy of |»00 to 1,32 ?47 aiid six estirnat?!d protein

intakes o£ 14 to IB g given in a 4 st S factorial design, Sie

gsrotein liit«?ke did riot affect egg produetion or weight, but

weight gains at a daily protein intake of 14 g ware aignifi^

eafitiy Isss than with intake^ ©f 15 to 19 g* 'it was

aonalud^d that 14 g protein par day couid be reeomnKJiicleid a» a

sninimum. intake for such birds <, but that 15 g per day fnlglit

allow for varyiiiig conditions# no benefit heinc darived fron^

higher intakes.

-i--

•1

Gnawla efc al. (1975) studied tlie inflisence o'£ climatiq

«oj;i<3itiozis on pretela requirement of iavers and

that for optimum egg production^, the protein reqisiren^nt of

Mhlte tmghorn pisilete lies between 1B»S to 21*6 per cent asid

3;6.«6 to 18*5 per c^nt protein in sursiner &tm t^iinter nwinthe,

re@p3a'tiiFely* Ga.I«2ulations based on egg prcdtictiorj, feed

cpnsimiptlon and average egg weight indiaated that the require-

can tee met by feeding rations containing 18 to 19 per

CQBt an6 15 to 16 per cent protein in surf^.er and xvintcr,

r$S|5€Ctively» Four feeding programmes with three different

protaiu lewis iii leoeaioric diets viz.<> programm onfi-lS

per eeht protein,, prograimne two>* 17 per cent protein,

prcQxarari^ thsre® 1@ per cent protein, ail from 22



16

tliroxtgfe 70 weeics- M ag<s aria programme four • 18 ptr mnt

•p3rot«ln tsm 22 t0 39' 17 per cent protein £r^ 4o i

ta S9 ^«el?s ana 16 •p&r 0ent protelsi from 6o- to 7o we^Jga,' •

mm «valaat«a- in brown egg type birds housed in eagas • [ •
• (MiXiar and Smithy 1975). A si^ifieant differen^je at. five

!

p.r om% prdJjaMlity Isvel was obeerifad witfi feapcet to
I"

procitjctigii* Birds on progranm^ on«, tvo &.m four had fiv4

p®r cent greater prsKauctiofi than birds on prografrrae, thr«e..ii.

fued cansumea per dozen eggs was not statistically different
€€cain^i regimessimilarly th^re '^as no,

II

statietical difSere.Rce in egg weight betweent the four |

teftdini0 progiraiisiTBSf |'
I 1^

^ In an «.2^MsrinneQt, four' ^oupa &£ i^lhito Leghorn layera'
I

mr« allottffid four aifferent protein diets vis.^ i2*s, 14*6,

1S,S or 17»0 iser cerit and prot«in inargased from 12.S to j

il:fO per mnt or ^ecreaaed from It.o to 12ptr cent diari^g

year# Tliere was no aignifiicant diff^rfsnce in weight !'

3ff}Qng groups on'the four oonstant protein contents« feat eg^
II

proauetion on th« hasia vfaa gre.atar with. 14»o per
'1

(imt <aiid also with the increase in ..protein than with ia,*5 f

psr ceftt protein throttghout C^jongh and Rode, 1976). i

mhatm&e and %tuga <J976) conducted an es^rinr^nt with !

~f White leghorn atiid '̂ fiiite Rock hens employing five levels o£ :•
protein 12, 14, 16, 23 and 20 per ecnt under tropicai
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conditions and observred that prodyetlon percentages

increased the 16i,0 pbt «!<9nt protein- diet and fchen

i30qlinec3* Fesd used for 12 ®ggs also declined liptes' the iS.o

per cent protein and tlmn increaae-d slightly# ^".11 the liens

®5ccopt those ort the 13 par dsnt protein aiefe lost, weight to

varying degrees, those on the. 12 per esnt prot«?in die.t

losinig roost* As dietarj?' protein incrsas^d, th&te mse aigni'*

fidant decreases in the i^ertsentage of agg® x-^eighing less tiian

40»0 g and thss^ weighing bet\^©en 40.0 and 49^0 g amjl

iacreases in the percentage of ssggs weighing between So.6

and S9*D g and 60*0 g snf3 above,

Ro,ss and Herricfe <i97S) observed ttie performance of

hens £€d 14 md 16 p0r cent proteiii layer di^te frcmi 2o to

74 weeks. Bods' weight gQlrig hut not egg yModmtion,

©jgiicisiiG^ of proa^Gtion, ^gg %m3,ght or qmlity^ mm

ficantly greater ^ith 1& p&r c«nt protein. With a vim to

identify the qptimwii jjrot^iri level ior 0age<3 Is-j&wsf

Ki-uegar et al, (1976) cjraded conKoarcial egg type pullets iftto

•*AS *B' and *C* quality pullets bas§^ ors: <3egree of flesiiincj

and eassli class of •puiiists wre pla«3€c3 on throe dietary

regimes via*, IS ptr cent pretein phasma upto 17 p«r CB.nt

protein, 17 per cent protein f«,a througliout thm ©jsperiment

and 18 per cent protein phased ^awn to 16 per cent protein.*
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Y M© aigniSicaat differences in rat« of egg psrcsauetion and

livabillty Goaia las atti-ibuted to the different S-steMng

regimes! employed in the stii<3j?« Peed effielen?^ hmm

consistently -beet in the groii^js reeeivin^ j7 cent

protein.

Reid (1976) designed a studif to evaltiat© the dietary

protein intake nee<3s o£ the laying hen during three taeriads

of three months each* Bin ex|»srimenta.l diets vars?ing in:

protein contmt vis,, lO-.O# 11.5^ 13,5, ,15*5, 17.5 and 19.3

per cent t?;ere £e<3 to pullets for a period o£ 36 Tte

iiata ware €31videa into three phases of 12 There was

no statistical difference in egg produatiosi obtairi«<3 is?ith

X, diets eonteining rr^re t^an i3«5 per cent pr<>t«iii* fhc

calsulated daily proteiii needs was fodnd fee bs 11 *0^, 17,,a4

an<a 14*94 g psr day for tim tiiree phases to support @gg

p^duetlon levels of 83»6, 7B,i and 6©*3 per cent,

respe'Ctively* For the entire 36 weeks of the ««p«riE?®tiit,

14,6 per cent dietary protein was adeqiista to support an <sgg

produation rate o£ 77 psr serst at an evcirage protein IntaK;®

of 16#S4 g per hen per aay^

Ghawla et (1976) stiidic-d the protein requlrstfient of

laying liens during stai^ner (¥m^ch to j'uly ) and in vintfir

(Sspt6nt>er to January), I'-Hiits Lsgliorn pall^'ts were offered

diets having 12,3, IS.O# 16.6# 18.S atioi 21«i per cent protein*

•1'
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tn 3uii£:near,^ bird® on die^s to five reached So .p«r cent

pro<3uc3^i«^?j WJi®n they 175^ 174# 173, 169 and 171 daya

qM and in winter 50 per eent production was reached

tMf xmte %m, 104^ 19S, 189>ana 192 days ©Id* In Bmrnr*

•QmmlQti'm pro&mtion £or the 122*#day psriod after 50

per cmt prodiaction was 52«1^ 55*4# 56,*4, 64»4 and 66.6

pQr cent'ana in winter it was-54,o,' 66,<,o# 6G#7, 70:.6 and

73«2 .per cent. Feed conversion effiqiency was 3*48., 3.23,

2*83# 2*63 and 2*49 kg p^r kg egg in suniraer and 3*2%,

3*24> 2«94 a.nd 2.92 kg i^er Jcg egg' in v;inter,

i^n e^periraent with tliree protein l€!vels vis:,, 12, 15

and %B per cmt eacl^ at tliree caleium levels vis*, 2,S, 3.*5

sncj- 4,5 per esrjfc on Rho^e Island Red caged layers was

CQiiducted foy A®e€nudain Ijata on lOO-day

•es^riniontal period showed that the -i^igheet egg production

obtained at 18 psr eent protein# v^Mch was signifleantl^

•suparior to that at the 12 or -15 per dent, Egg quality

tireita Ii}?e alisurnen indesc# yolk indsx/ ©lie.ll thickneas or

Haugh iii7its v^ere not affccted by the various protein Isvele

t^gstoa*. Xn three trials, Hojas-raports (1.977) coftipared

•Qwnm- ^otein leirels of 13, 15 and 12 per cent in layer diets.

In. the first and third trial &gq production and fe<3d

"t eSficicncy %iere greatest t^ith •IS par cent protein <Si#fe and

isignifiqantly loss with 12 g^r cent protein level. In the
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s^cofitS ferlai iS per cenfe protein fed birds performsd better

tharj: 18 pfB:V c'ent protdin dist®

The effect of varying proportions or protein in tlie

diet OK quaiifey csF hens egg® was studied Scholtysmk

(1.977) • protein level ox the !31.8t ranged from 13 to 1??

per cent., with Imr^aBing protein,, egg quality dlffe.rea

ilttX®# the main chmg^B being an increase in egi?, vjoight and

a Si>al±n€ in albuni«n height# Th«re wers slight changeis in

othsF eg§ criteria* V^Tbile the phase feedincj of

pullets ana laying hsns.kept iri cages# lotsyius gt alp <1977)

opined that White I^sghorn.birds fed with. 19.per esnt crude

proteifi ahiSt'^ed best results frora 154 to 336 of 17

per cent crude ptotelB. from 337 to 430 days ana 15 per cent

crude protein s^£tert^ar<aQ» Control s^rotip given a diet -vatli

rijetabollssalale energy 270 Kteal j>er loo g am crude pr©teirt

17,5 per ceBt at 300 dayis laia 12 to 17 per cent £ew@r eggs#

•The test groups als.o. gave seven to thirteen per cant more •

eggs at age 400 Fsrom 400 to 500 days, egg ylmXd
(

?3««ll0€d aiita crtia^' |jrc>t«?lii in. diet was reduced to IS per

mnt mth m 300 Keal per 100 g. Controls gave slirfhtXy

lie-axrler eggs, although the t^sst groups p.roduc6c3 eggs of first

grade

Haiailton (1S78) studied th^ eff€'?ct.s o£ dietary proteiis

level cm pr^duative' performance an,^ ecjg quality o£ four
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i

strains o£ White Leghorn hens» The effccts of a mld-iaylng
I'

jserioa re<aaction in dietary protein level was also studied#
r

The es^eriment was divided into two periods,* from 143 to

32S days and from 326 to 507 days of age* The hens on i

treatments one and tvjo received diets containing 17 and is

per csnt crude protein^ respeetiyely during both perioda* I,

For treatment three, the diets contained 17 and 13 per csht
i

protein and for treatment four, 15 and 13 per cent protein
i

during the first and second periods, respectively. The i
I'

results of this essperinnent indicated that productive
I,

performance/ egg quality and shell quality of S'^hite Leghorn

hens were not affected when the level of dietary protein ^as
ii

^ decreased from 17 to 13 per cent at 325 days of age ©r when
i'

the birds received a 15 per cent protein diet from 143 to„
I,

504 days of ag©»

laying hens were given isoenergetic diets with raetab^li-
I

isable energy 2800 Kfial per ]cg ,feed and t^/ith protein 11, 12,,
1

14 or 16 per cent and the efficiency of utilisation of feed

protein was studied (yamazaki et al», 1979a). Retention of

nitrogen was estimated when hens were 35» 46 and 57 weeks '

old. Except for the diest - with 11 per cent protein, there'i

was no significant difference in performance among groups*'
I

The proportion of ingested N.which was retained# decreased!'
I

as dietary protein increased from 12 to 16 per cent and the
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decjreass waa great^ef in yoimger birds* Efficiency o£

pr©feein utiiisafeion was a££ectsd by ags an^ protein level.

Xn yotinger hersa matalDoils^m o£ dietary energy was affectetS

Isy aietssy protein and it was suggests^ that the e££ici€Rcy

q£ protein utilisation affccted the utilisation of dietary

• energy* iTamagaki gt <1979b) CGnouat^d one moire trial

to ©®®€s«3 tne effiieisasf of ^e«96 protein ytiliisation.

White l!€gJx)rn la:^5'ing hana ^s-€re fec3 lyith diets having 2700-

Kea.i MS per kg aoc3 thre® lovsls of protein vis*, 12^ 14 or

16 per cent* Com|>are«3 with the diet with 16 iser eent.

ttis efficiency o£ protein tifeilisation was 13 per

cent greater t/itli 14 p^r cent pfatein snd was 28 par cent

fjreater with 12 per eont protsin,

Eichtsr ^ (1979) st»j(3iec3 the crude protein r€qair6"

rnsnt o£ li]^brid laying hens# From 23 to 74 w«eks., tmite

iiSgJiorn hens in cages were given diets with crude protein

from 133 to 189 g per kg-» Peed intake^ laying perfors^nce

ari?3 «gg weigJit not significantly af£Get«.d by dietary

gsrotoin, although crude protein at 133 and ISO g per kg was

amoai&ted witli slight reduction in laying performance# The

intak€ q£ crude protein e-niS intake per 100 g egg v'eight

•^lgni£i<;antly increased as the protein in the diet inareased*

Mve'. .height gsirs^ RKsrtaiity and egg quality wer«3 not

®ffecte<2 hy ahsngee in the dietary jsrotein level. These
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workers suggested mean <2rus3© ,protein i-eqyiroments of i7*0'

to 17*5 g daily foi? arj output of 225 eggs per hir& upto 5oo

^ays o£ Bge»,

siittssn dietary trestjnsfnts inciudirig £ciur protsin,

four energy ana €±ght caleium-levels were fed to pullets in

an to |>r«Vent the decline in shell quality as the lien

ages Jsy reducing the normal increase in egg weight while

msintaikiing ahisll vieight (P-ol6n<2^ 1930)* Results shox^ed

that when piill«5ts were £ed diets varying in protein £rom 2©

t© 13!»5 per'C^nit with 9 Riiniimimi, of o#5.3 per cerit, sulphur

ami-no acidg mS. with varying energy and ealciisr? levels, egg

visgight,, slieil weight, specifie gravity and egg prediietion

were not sicjnifiicanfely a^feeted# However, egg production

ana egg weight v^ere significantly neducad ^-Jhsn the protein;

level was lowered t© 11,5 per o«nt* It coaqlud^d t>iQt

tii<s rate of deor^ease in shell quality mn be reduegd or

prevented for i^tleaafe five sriontii^: by reducing the normal

increase In egg sia©.,

C^timiJCi protein levol for egg prodtjetio'ii in thr€G

stains of' ^-'hite Leg^iorns t^^as stisdied bf Siisgh £t U9K>).

Baah OK these j?traine were dividerJ into foyr groups and

provia^sd t%dth diets containing 2loo per kg of l-© and

24# 21, IQ ana. 15 p^jr cent protein^rsspestively,. Egg

prodiiatiojs was significantly i6s@ ©n 15 per dent as eompar^a

V
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to grotelri lewis and significantly more on 24 per

cent aB compared to 21 and IS per cent#, No- significant

dif£€r€frjce could be ofe©€£'\'e^ betweeri 24 aitsQ 13 per cent.

atid h^tMe^n 21 and 18 per cent protein Results

. ifidicated 18 per cent protein level In tJje diet was ,

ade^aate ia supportir^g egg production as a 2X or 24 ,p«r

C€Rt "protein diet, >Mi&n egg tjeiglit was significantly i«s3

rni iS aii(3 IS per cent protiSiii than 21 asid 24 per cent

protein levels, beiJig ms aiff^rence between 24 and 21

per cent protein levels, 'In ell thss stj-ciins egg v;eignt

iriereased with an iEJcreasc- in the dietary protein levol, ;

feed eonaiirnptioii was significantly mre on 13 per qent

protein, diigt and tlism-t:^as no difference between 24, 21 and

is psr cent protein levels* Similaifl^' feed efficicRay x-ma

ttmt with 24 per cent jsroteiii ratioa and decreased with

-deisreasing level o£ |>:rat€in in the diet.

in ari e5g>eriiiignt, egg type pullets viere fed isocaloric

difita containing 271o Itoal f«!S per kg and 16 and 13 per cent

protein eaah from thrm isoarees via., plant plus animal,

plant end- plant plus fiietliionirss♦ Groundnut cake, and fish

msal t';er€ used as plant and aoiirjal protein Buppiera«iit0,

respectively. Egg pr^uctioo^ egg mass, bcxJy v/elght g&in

and £md e£fiGl<snc.y but not ^gg might, fe.ed consiimptlon and
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, isitrogen reterition were- siqnUlGmtly Higher on hlgf-mr
protein iavel (Rothe- et 1981) .

^ (19-82) studlca tiia effect of dieters'-'

and age on H retention o£ layers hy giving pyrlfied

wMe egg protein at 12 tc> 21 mr cent as the protein source,

m. 30 m&ks Mretention inoreas^ with increasing daily

prote-itt int&km and reache-d a maxtmum of Jooo mg H par hen

^or an int®J«6, of a,fe©ut 14 g protein daily. ,At 37

JTjaxifnu^ dsil^ N retention was I3So fug#, r^cjulrina 17 g

^Mly protein intake* ht 46 weeks, Kretention was 134o mg

With a daily psot&ln intake of 19 g, At 61 maxirnm

a-ailv N r^t&mim waa, li4o rng requiring a daii^ protein

IS g-. The Wreterition ej^resa^a as percentage t-jao

42 at 30 W€«ks, S4 at 37 weeks^ S4 46 tmeks and 46 at 61

week® of 3gc>

tsamian «t al, (19S2) carried out an investigation in

mi<sh laying Hqub mrc si^piied with IB, 17 or 16 per cent

crude proteld for the %-?hoie |5eriod or t-j$re given 20# 19 and'

18 psr c®at cru^e protein for 2© to 42 weeks, then 13, 17

16 i^r cent crude protein for 43 to 6a yme'ka and firially
le,.,. IS a-rja 14 per cent eruae pmteln for 61 to 72 t^jeeks,

^,- respQcfcively, production •was greater for hisns givefj- IS
-or 17 p«r cetit crua© protein- ana for those given'
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^ , m* i9 and IS .iwr cent or 18:.^- 17 16.'p««- cent crude i-
^ . f

S^otein than for hens given 16 per amt <sxme protein i;
1

tliroii^out or 16, 15 and 14 ptr ceiit crv^e protein,. Egg ii
waai greater -during tli© period' "Hhen t,he ^@ate,®t

aaiount of proteiii given* Hsrtaiity was greater for j;

•• •'hfus 0a|*pii«a. with low protein diet tJiaifi those giwn biglt:'

protein diet* , • . !•
ii

Two. ej^rlTOnt^ with nine- strains oS mute. leghorn ''

liens t-jer« made to e.oa^re lading pesSos^mm^ of hens giveii

a diet of uniforra protein content or a piiase feeding dietiiin

which protein content if^aa r«d-uced £rora 1S6 to 148 ana then
i-

',1

to- 140 g per kg at' 273 ana .414 car 273 'and 384 days o£ age

' and Hawsilton, 1S82).* Phase,.feeding allowed aeductiona
il

4.,^ and 4.# 3 per cent in protein intake without redycin^i
It

mg^ prodi^stion#- inbrtaJity or e^^pt In one strain#, fecidy |l
ji

Itiere vas an inoreass oS 0*3 .per cent in' feed

intslceai but fee^ cost was re^oced Isy l.i3 per. cent* Itiaae ';

feeding increased Haugh units by 0:,3 per cent* Influence I';
M

of lK>using syatems, stoclsing <3ensity snci' -protein levels on;'

productive traite in ehiclcen wag- investigated by Sao et ^
C1983) who reported tmt' irrespective of the housing syateiL
ana aensitiee tae birds with 18 per cent isrotein gave- si^i»

teicsntly better egg p^ucti<^ tmu biras- on IS per cent: !'
i'

l>«^tein* Tlie protein level iaaa a significant effect on |i
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--f conaufT^tion iri that tlm. %B per ctist psrofeein £ea fo.ir^?3
•aoiisun¥3a gignifiGarifei^ RKJirs feed th3« tliose -oa 15 p#;r c^gt

protein level, m general the birds with %B per Gent

dietary protein perforrusd l^etter than the birds fed %fi^

15 per eent proZQlm*

In an expQ£imjit.t Vogt ana. Krisg <1983) «sbs.<?rved th«

influisnGs of di£:£ereiit artid® protein ImelB (20*5, i§..4 mr

13«4 g dally) in the feed oft the i^erfosTraanQe of laying Mns

and opinaa that %}±Ui decreased p'rot€lii. int^lce, «§g yi«ld ana

£6ed efficiency were poorer hm pr^tain 0£fici€«c5? iiaprowd.

ajDout Qiight; per cent. I^aying heng' i\*ere 0ii;raii practical

ai€t!5 witlni varying protein lavel© vis*,, .16^, 18, 20 and 22

p«r- cent and conclyded isereasing pratein Src^ 16 to IS

per cent increased average hfin*^ay egg production significantly,

Xt was also reported that increasing i^otcin Myona- 1.8

per cent Isad no ftsrther si^faificsnt M£mt (omuSikm, 198^),

i-tiil® studying th© taeisor® inflwc^lng ©arly e.fg sim,

simnstsi and Lesson (X9B3) opim<3 that inor^faeing disfcary '
I

protein or m«thionins level tiad little <s>r no eiifieqt ©n egg

0i26« effect of sorghuni tamin Clow and i^igh ) an^a

P'roteisi Ifiirel (11o5 ana i4,*S per e«rstj on tlie ^rf'or»rs0«'

of laying hens maintained in two envifi^onmsntt

C22 and 2B*C) imre studied hf Sell gt (1983), Bgg

^rotSuGtion and fs€^ €££ici«n<ay mwfs reciuQScI and wei-sjht
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J iaereatsa isy 11•$ per cstKt protein @s
14^fS per, mnt. protein,

tfie infli^riQeE of dietary sand on the ptrfiormance en€i

egg sJiiSii q:Uality of la^^ioQ Item fed aecireasijng pratsin

rsglmss investigated by Hsieh and Rowland "

<1903)» Ijaylng hem mm S^d.with (3i€fcs containing 2850

iS^ai m .per kg at ttoe protein lewis viz., 15,o, IS^S aiM

per cent,, diluted with eit.li.er z^ro or six per cesit

biiilders saiia* There was e ^eoreass in. egg prcduotion as

dietary gsrsteies, lewle mtQ redtK^sd* Egg aise and body

aecreasecS signifidantl^ wlnsn dietary protsin. levels; •

ucsre reauceJ* t^en ths sero ssisc per cent sand groups

v^re cc«Tifoin!2<3, egg shell pexc^ntag^ and feed eotiVQrsion

VQiueg ^re irscrease^J when dietary. pr0fc®in levels -decreasea* .

Pg-asad al« CI9S4). ofea^rved signifisantly superior

&gg p^&3mt±m <66.22 p&s Gent} in 18 per cent dletarj'

p.S^t«2itt £e& bla^s ®3 corrparad to those fed IS psr cent

dietary protein t61#53 p?sr aent}* the pmteiti level® had

m aigiijifieant effect on f€:cd eonsun^tioji* Th© birds i-6d

witli 13 per cent dietary protein had sigriificasitly better

fissta e^iicieRdy as to IS per cent aietarsr protein

• bir^B# It was also obsgrve^ that there w®re no signifi*

^ caiit in body weight gains and per c«nt livabilifcy
of Mrd© di3S to clifferent isrot^in, levels studl«jd.
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R€Quir«fRent of Boergy

Energy conte.nfe in consi^emS as the most critical

nutritional. £aetor of a ration since the Sm6 iFstake ana

therefore indirectly the intsKe of other nuti^ietiits is

ir^iiisnc€dl to a major extent by its energy contsnt, Idke,

pmteln, energy s^tiqnlr^mnt of cM.G'km is dictated by

mm factors lika age, else, stage of prodiKJtioii and

€.nvi?onjT®ntal temperature i»

Using three strains, Owings (19G4) tested four levels

of prodvistive energy vis*, 775, 8$o, 925 and looo Calories

per poiirid of diet an-a one level o£ added h^lysim with a •

13.«5 per mm pratein diet ifor ten 28«<3®.'f periods.*- During

first agive period'a thera^was a signifioarit iraprovenisDt In

mm pnsdiietion due to inareasea dietary energy. iTioygh thi.s

trent^ was also not«d <3urin.g tlie la.st £iv€ periodisv tlie

aifferencas %'̂ &re .not statistisally si-goifieant, Incr^asirif

tlis dietary energy, isigtiifieantly reducea the fe^a required

to s>rotoe me <Sosen ^ggs during the Jcirst five periods.

Tills rcduetion was also observed during the last half of

the 33C|)erimisnt but th@ di^^crencos wre not significant*

Bo^y weight t-^as also signifieantly inflnencca by etiergy

iev<3l« !

I

V
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h( Daligado arjd Ouisefits^rry <1967) <5C5fiiparec3 an energy

pluase feeding system with constant em_sg'^t using layers

housed in cages o£ two sisfflis t^ith thre^ dsii®iti€S. The

birds fed constant energy received a 16 per eent protein

diet containing 932 Caiarles wViil^ the eoei'gy phstm .fed

birds reqeived-- diets witii lo32 Calories for four, 2S«day

• p@rioda>, 982 Calt^iea for trie nejct fo:ur and- 932 for ths

r^itiaining £our« it was observed tliat ieecllng a high energy

diet at the onset of prodiiction significantly depressea

egg nuKifoer and body weight gain but inereasc^d egg sim md

0e<sd efficienay with no effect on mortality., un^rgy phaee

fesaiRg dia not charage the carcaes content of pr<£^t^in, fatv

ndsisture; CQlciiiii, and phospliDrtta but total ash wag siigntly

lower on ermrgy ph&Be fed birds«

Bragg and Flod^aosii(1969> studied the .effect of dietary

energy level on the performarioc; of aaged la^/ers# Dietary "

treatmsntB inclined tlure© levels of n^^etaboliss^^le energy

vis,, 2794,, 2570 ana, 2354 W^stl per kg Mn isonitrog^notja

(16.1 per eeiit protein) wheat-soyalMaa sr^al laying rations

fhe ration eontainin^i 2354 J^al per kg was dividerl i,ntQ tiijo

parts and low energy was' obtained by adaing -yheat bran or

wheat straw at the e^^nse o£ wheat# yielding two dietary

trsatments at the low energy level. T!ie rssults nlicw©4 no

differenee in egg production hetimen the three levels of

-A-'

I
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-dietary energ:^ or low enisrgy rations•« Sgg

deereased slightly xiecm high to lo?'; dietary e-ftergy but

change was ofoservscl b^tv-'een the txvo l&a energy rations,. -

Fesd CGnsuRWtion increased aignifleaiitly a© c^mt:gf wds

rieereased in laying rations with a cojiccKTjifeatJt change in ^

e.fflcieney of feed utiJlissation, liswever, efficiency of

energy litiXisation irnprovea as <3i6t«rv energy was decreas^a

from 2794 to 23S4 :^al, per kg ©f the ratissn,

Paiafox and Flsgal C1&7D) employed •Leghorn

pullets raised under subtropical eonoiticn# from 20 tliroui;^

74 weeks of ag<s# to stutly tlifj eS-SQQt of '16-per aent

protein ration containing graced eoncentrstioas csf tallow

to provide 2576, 2682, 27SS, 2894 afjcl 3000 Kcal f-m per j-tg-

in tJiS! diet on efficiency of ogg pj-od5jctiofi,m Pallets

th© 2994 K&al MS: pier kg diet lai<3 egrjs at a significantly

higher rate than those m& 2576 an-iS 3000 iRiSal MS iDer leg

diets* Tne hir6& fed 2682# 2783 aftd 2094 I^al m per kg
;

did not differ signifieantly with regards to sgct prod'aetiosi#.

Pullet "bod^ weight ifiereased^ t\?hsreas dail^' feed donsumsd _

per sgg produced decreased linearly t^ith increase in

dietary energy level* For optimsira overall ©fSiciencj,

pullst® the diet t^?hlch contained 2394 Kioai tm per kg

""Y iwars SL^orior t© otHsrs fed other IdiVela tested.
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RelatloosMp ©£ energy, <3«3g ntjmfoeir, fattjf

liver and tisayte- ceraoosifcian was st«*aied hf Pssisfox and

Fiegal (1971),, flis biris wste fed wifcli i6 'per cemt

Ijiir^teln layer ^iets Gontsining o, 1«5,, 3»o* 4,»S ai^a 6.«o

per cent taiio^fi mttf irKsr^i^ea iinaariy with

increase in. dietary energy* Mve# fat sqors of puiMts

£ca 4,5 ao€ ^mO per oent tBllmi was siQiiifieantiy hicjhw

than those o£ piill«ts fed sero per cent tallow# Correla-

tiors studies showed that liwr score i^is pdsitivei,^

correlated with egg number, iiv^r totai lipida and plasm

total iipids*

The int£ltKS5ie<2 o£ varl&m dietary saergy ie%reis on feed

^ constjffaption, calorie intake and liver fat content of ^ffiit«

lieghorn hans inainteined at «5 tetnpsrafeiar© <sf |.6,S*€i was

a«?teirroinea by Ivy and Jlesheiffi <1971 )*. f^ie ai«.t© contained

liS.o# 3.3^ arid iSSo Calofiies is-fs: mr pound with an identical

d^iorie-pEoteiri ratio* Sail^ .feed consisfnntioi^ inerea'sed

initially when hsns were mitche^ to tM M.^h emrgy diet^

then deeliQed to below the intake ©.g tm intermediate energy

group wits-Jin 7-10 days* Puring th® sam© pericsd the £m^

intak© oeg hsns fed the low energy rSist ijiateaued# althDugh

. daily calorie intake was h-eX-cm for liigher en-s.rgy

treatments* The low energ^^ MrdB h©a. a aig'nigic&ntly '
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|,€FW'€r liv#r fat aonfe^nt than the ofm^ two tre@tfnenfca»

tlo aifferencis In liver fat •content ms ofeaerwd ):)«tM®sa '

hens r€G@ivi.ng interniedia^fae and high eoergii' di#fes ,

Chauhain ^ aj^* (1972) concSuotad In whic?li 13 ,

hens were fe<S, on diste t^ith 15 to 16 per eent pw€>tpSn an^

2950, 3lS© or 33SO Kaal m per kg for 54 days an^. yeporta^

that the different -levels atuclie<9 did fsot have my ^

iii£imnde neithijr an egg produetion no^ on -quality.

In order.too reiafee egg prci€!uatien at MgU tsKipsr-atuire to

the daily ©nergy intake, Wilson et, a3.,» (1973) conducited an

es^riment cofitrolied tefTjpsratisr^ coodifeions with

.lie-ghorm palXsts# Tfte birds vtre fed rations -of either 22QO,

2600# 2800 or 3Soo per kg of and kept at t©ra|>era«

turen of either 15, 26*7 or 32for «ith«r flw or 14 days.

The results obtaifisd roveal^a dif^ersmea in th^ energy

intake on ©gg forming days ir^ contj^ast with the irsfcak^ ©S •

non«i«gg forming days, T'he lajGrB :did not adjiast' their

caXorl© inta-ke to the lev^l of tlie iSeed*.' Based on

the reeultis obtairirsd^ the author^: stat^id that the accuracy

estimates ©£ energy requirerfjsrits# bas^d ^averages -^fmn

the temperatiire was not controlisa app^ar^d questionable.

in a factorial trial seven tmnths old clwarf and s^ormal

hena were k©i>t at 22"" or 30and were gi^^n
V
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ntetatollsabi® energy intaliss of 25© &r5^ 3So 'JSoal 114 g

teed. • t^iG higher ener^/ content ara3 the Mgher t^.m^xsttnm

eacli redy^ed fee^ intake by botii tjpes o£ hens* -Hiafejeveri

actual energy intake- was iiat radtioed by high energy feed'

but Mas redisGed heat.* Edg production was adver^ly

affffsted-by high energy diet CiMimaa 1974)» Tli(?

influence of dif£ei?e.nt lovels of energy vlz», tsoo or

solo Ksal ME par kg and lysine Q,63, 0*75 or 0.85

per cent on the egg yi«l<3 o£ laying "hens t^ias inve-stigateta

hy Qondos gt (1975)#, Egg produetiGJi was n©t {Signifi

cantly affaetea hy <3i£f<8rent aiets but tended to increase

for hens giveii 3010 Kml p«r fe:3,. Bg^d intake for unit

weight of eggs produeed to fee less in thssise given ,

3010 Ksal per kg# Itisr© xmr& more deatlie a^sng (jiven

3010 than ^niong tlioss given 2^0 feal i;5«r Jcg,

Zn a ferial, (1975) reclticed th® sjisrgy- intabs

•o£ hens fey ttm addition of high low soergy ingr«(«-

€i@nta such as ^rley, Wheat bran and fcsrley from '

300 to 340 Ksal ME per bird daily to 230 t& 240 Kcal#

Jliayi!n;g houi® temmrature© differea. There little

Mifsr^ner^s in egg produetioi or ©gg elm* in a furthisr

SiV€ ye^.s stLidy# all birds got the oan® daily intts};^ of

ail nutrients and qisantity of feea, ths only variable
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hni,t)§ avera^ daily intake of enetgy* SMmB' iRtal?« wa®|i

V.

-1'

200 to-'300 Kjcrai biyd .and Botise wij?®
f

so, 6d, 70 and. 00*F.., sgf prc^ustien range# froift 46 #7 to i;
i'

QQ4I per ce«t» Results were poorest with the: -Imem ':
I'

,€n«rgy Intate Icsw^ist.-teRTpsratur^Sf ^eb tlie ^ajlly ,!
!'

iRteks oi energy wa® 260 S^ai pa# 0gg pr^aauctionti'i

was 75.5#. 7Sf0., 77»£' an^ 80#! .per cent, at hou«# :
11

tempe^atijires or So# $0# 70 arid 8o®t,. r^sp^fifeively. •;
1'

Corresponding for egg S&,,5, S6--7^ 56,3;!
I'

an^ S5i,-7 g, • ||
]i

isUke gt H97S) conauGt«c1 an e^^iment with four;!

ilhite and .sisc browij' bree^^s Icept 'in deep Xitt«r ©r c&g®s oft
I'

"X,. Mets of 2650 or 280.0 Kcal per Ug tc? assess their J'

p^rformanciBi •mm low efiargy ai€t -rosuited In a dotjbled '
{lartality rat€ ana &v^priBimly th.ere wem aeatlts'

aue to fatty liver 0:yn4tms<t there was only vei?7 little !:
. di£f«ret5ce foetween the aifferent ©nargy .fe4 bir^i in . J,

!f

respect of ^50 nunfeer.ofi eggsj. i[?iass ana tins l®ying(;

, j^r<2Gntage i Peea qonsisn^tion jaer- egg tanit '̂ a.s not signifii-
I'l^emtly different betwean different, ^lets# *me poasible' j,

iri£l«isnce of diffs^ent energy levels on fst «3eps®ition in ;'

ths .liver of iajring hens was investigated fexf mftfiel am
i,

Taller (1975># Fs^r 24 the biras mrs gt^m im<$& !



36

vltii 2SOO, -3700 or 29m KcaX per kg# vtttli the low -

enerfy fe^d they lost 90 g body weight, each ana laying

decreased fey fiw per cs2r^t« Energy cGrisumption psr ynit

•sgg aubBtanae vms fairly aisi?iicir«- Snergy Ititalte per bird

was 284, 299 and 305 Kdal^ so th&t the extx*a~«?Jlsrgy

available above egg produetion was 209# 319 arid 222

^-miah might es^iain the increase in fat.

Lillie et (1976) determined the dietary energy

requiJr^sTients of cjagec3 layers as influenced' fey relative

humidity and tempemtme variations.a Ail birds t¥*er6

.eggsosea to a 14 hour' light regime ancJ, to om of foiir

relGti'^e hanidity levels vi?.«, SO, 60, 70 and 8CJ |5€..r cent,

^nd one of three dry iauib temperatures 'vis*, I3«0',# 21.5

ana 29,S'C.f Isonitrogenous aiets o£ energy levels?

vis./ 3680 , 2648 and 2220 Itcal' |5sr kg were £&6

.ad liMttgn# Egg prodiKsbion wais sigoifiearjtly gr^atsr on

the law' emrgy diet than on ^lie hig'h etimgy. die,t. CrVo»ol) »•

TSis intermediate enc-rgy diet did not. dif:£er sigftifiqeatly

from tha otHer ti^o dietary energy ieveis in this r«sp®ct.

Tiris High energy diet resultad in lower egg weights {P/0,05j

tfian did the intermediate and low energy. lists'Spscil^.ie ,

gravity 'score -ana Haugh units t'.?er€ unalffeeted by dietary

eEnergy in've®S€ relationeljip wa?; oba®rve^3 be^twee«-A"
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diata^ Bmrgy and feed Intake tl^at was eoJ^siistenfe among

three Energy i®vali5,. The aifferenoes wer® islgqlficant*

Mioo (1976) condvictsd an es^rin^n't in. ¥hieh laying''

lieiis of 4-7 weneks of atfc 'waro four lao®n«rgetlcr

ai0ts either full £®cl or abcsut -skven, 14 arsd al-pei? aent

less tlian fully fed control beas* Restricticsg t'ne energy

intafe by severj p©r cente# giving GetimatefJ daily energy

intakis of 273 -Ksal r® resulted in egg pr©aiK2.tion arnd egg

mass outjsut cq-Ulvsl^nt to the aantffsl# ^ireatar ir«3triC!tiQrs.

deprssacd ©gg prodiMition a?it3 egg mma out;pii.fe« Peed

effiaisncy vjas improved by energy reffitrietldo-. Egg

w^e not •o£fect€<3 by energy rest^ietlon • tn the restriet®d

> _ hens body weight gains were

palafojs (1977) observed the effect of iiicraasin-g diefesry

©peirgy level©' ©n perforaianqe of'laying pulle'te.. Whit€

Leghox'n pullets vreitfS: given diets 'Wltli t6 per 'Cent cru^e

protein ari^ metaboli'^able energy 2576, 26B2, 2788^ .28-94 or

3000 Kcal per Mg* Aa mt^boXlzBhle energy isicreaised body

wQiglit also increased# but daily iotsko of and prot<si,n

ar«2 psr deoeeasisd#. Best, overall e£t'Xci^icK!y vb&

observed with ^1E 2894 K&al per kg saiGti itm level® of bir<S

'density vis-^ ifour' and five M3?<3s per 16" k cage an^

sisc levels of energy conGentration vig.®^. 3000,, 2925, 2SSo#

2775 ana 2625 Ksal ME peJ? kg 'mr^ tiri€d Irj comaereial
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pullets tio assess their performance {Hlnneirs et @l,vi97'7).

Per esiit hen-^Say egg production (77,7) the Mgheat

and pet Q&nt mortality (©»1.2)<> feed conswiwd per <3osen eiggs

<1*79 kg) and Kllacalories d£ MS {414) 'per egg were

at th« 2775 Keal level. Feed consumea pe.ic' hen p&t day

Cll2»8g) MBB the IcmeBt at the highest ems'fv Igwl,, hut

Kilocaiories coBSumsd per hen per day {311„3) 'wa® fclie

lowest at the-lowest-enciirg^' levels-

To determine the en^jegy and protein ir«quircms,ot3 ©f

laying hBtuB, Bmmm^e an<3 Lesson (197&) earried out a

in which ?Cnite Leghorn pallets were diet xtfith 17«B

per cent dr^e protein and varying metafeoliisable e.nergi?'

. levels of 30a5, 2360# 2640 ajsd 242a m&l per kg, Xt was '

fe|3orted that -egg pi-oc!luGtion# egg weight and csriversion of

feed to egg Riass t'̂ a.s not affected by the cUst. Pullets on

tbs diets witli niost energy took 42 Kcal nwir^' dsily tnan

those on the di^t vjith least energy ariii tMe in m

difference of 15 per cent iti body weicjht* Increased protein

intake assocrlated witli. the- low energy di^t dia not improve

performanes. •

The proauGtion per§orm^nc^ o£ 'h«ns as inf luericod

<3ietary energy at varying, terspersfeiH^s was studied by

Vohra (1979)* Diets Gontaining 2330 &m 1980 Steal

^v.
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• / per kg (high and low respeetiwlSf) wera fed to

Leghorn liens kspt'at 3.S«6 ami 26«7®C anbiefit- t^«|perature^#

ITic everage snetaiDoliaabls energj?' intakes psr day w«re 23i

and 287 S<cal at 15«6*C and 200 and 7,42 at, 26»'f £o^

ths low an<3 Mgh energy diets reepeetively* Within this

temperature range# Seereaaed by l.ai aii^

1<4I per csnt per ona degree C rise in ambi«®Bfc temperature

for tlie low aii«3 high energy €lMts Halther '

egg proaueticn nor shell' thieknsss was by the

treatrncnfes, but egcj weight trjas significantly depressed at

26,7®G ae compared to thoe« tit iS«6*G« •energetic

efficiencii' v;ae ioGrees^d for the cjoiweraiGft q£ Ms intaX® to

€95 energy either by increasing the anribl^nt tenperature or

by IcweriP-g the dietary f-IS*

Effecjt of distarj eiiergif Qonoenferation on tbs ptrfost^anoG

qM h«avy €gg type hens at various densities in cages wag

0tudie<3 hj Carsvj §^'§X» (19So)> Tiime dietary energy ievels

VX^»t 2737# 3003 and 3325 Ksal per <ar!iploy@<f et

densities of 1320,. §60 and 440 o£ filoor ar«a per heri.

Dietary sncsrtjy levels tested did snot eigaifiesntiy alter

overall hcn-aay §gg prodistloii# egg prodycfeioa on .

tne higglest aietary efiergy level asclinea tmm rapidly in

\ the latter mnthB*. llierefore, a high dietary energy content
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ms not condiieiva to eustainsa em proaucti^, -Thtrt

no significant irstetiiction hm. density ©O'd- j'

•dietary erjsrgy ievtl#, Ma dietary €n#ycjy level l.ncreaa«a,!: .

imd intake diet&r^as^d £mS eificitney inGteaa^d-,,, "mB.

Mgh&st aictsry Qftergy mum^ ajt immme* in egp ei^« i' •

<?uring the mii^ part of th^ cK»eirifl!ient«. OtSierwis®.^ energy'
7t ' • .• ' ' l"

did not aff^ot egg weight, ahell. strength, Hatagh |
unit^' .or blooa. and meat s|3ots. It wss concltsae^ that- I •

feeding of high oneirgy mtlom to fmm horned- a,t high '
\'

densities in, cages may not fee saviaabl®^ 8ine« egg pro^Smm
ji

tiors eonaister^ly got leered Mer thia# «ondi%ion«* ' :'
i

. • I

• fetoohi C1930) iftveetifiatea the biologleai ami

S. ecQRomiG JUi^^act, of certain £<?«?5i!rig regimes on '•

Qgg type hene, Tt?© isonitrogenou^ ai^te, viz*, 1S»7 •:!

amt protein ana 2728 or 2323 Kml m p&t hg £€<3 to '

large and smali body »is€d iwm Smm the mm produdsd

similar rates of egg productioh^ feed p«ff ao««n eggji
and' livQbllity.e Ssns on the hi#i energy di^t

pvo6\t^e6 egga with the thickest ehelXa.# hn «valtla-,
|,

. tlon, ©uggestea that .smaller' si^c^ hens- ptrtormea mm |i •

pro£it^ly on the low energy diet, whi.!®^ laj^. nme •p^:e«^!r^sc!ji8^S
•greater profit when £ea the i^nergy diet,* et ial.«

(iOSor studied the effect of VcSrying esierigy levels via#, •'.
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26S8# 2725 ana 2800 .l^al pm: kg on.t.hQ caloric? &.££.iai*-

ency and indicated that. X'^ith an insreess in tlte caioriG

content from 2650 to' 2600 th^.r© was a S«S per ccnt

inprovement in calorie e£i'leienev"»

Foiir strains ©£ iv'Mte I^glioms were given loo g diet

daily vith protein'16 per cent ©no metabolisable energy

2800 or 3000 Kqal :MS per leg* Sgge were coll«et®d rajidonil;;^

throughout the laying peErioa .stored in group® of 200

for zBrOf three# sewn or H^urtean- da^s at it was

observed that egg quality yolls eholesterol were not

significantly affected hf energy, level the -diet

(Gampos and Ferrcira, 1981)«

In t^^o ea^ariments, Elwinger <1981) tried di£J:erent

energy levels vis## 10*1,. ll»2.j^ 11*7 or 12.2 MJ per kg

three strains on egg procSi^stiori. It was observed tfjat

increasing the dietary energy eontent resoltea in a linear

increase in energy intalco^^ hsavlar gcj^'S^ In^oved feed

conv^srsiori «££iciejiey but p<x>rer energy cors'VGrsiorj

6££iai«aey, increased isody wsi^^ts and. trore aMosiinal fat^

a.nd poorer feather condition.
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• The impoirtance of protein aa<g an?a tlieir int@r«

relationship have fiairlf welX eateblish®<3. Sev€raX

sti^ies have been eonduatea under a variety'' of ^Kp^rimental

conditions with a vi€'w to airjfive at optimiifti calorie-^protein

lev<3is for best psrodi^tion p^rfornjanaos * Iitspite oS ths ^

voluminous research finaings, donnot poasifelj pinpoint

ths Qscact requirefiidntg of these msII established nutrisnts^

probably <3m to the €2dsfciog niiqro and macr©-^i:tvironrfi«ntf5;

in tH® ejsperimental flocks. In order to highlight the

available information, works' related to energy-prot^in

ratios ar^ revi€W€t3 here*

Mc, Daniel et aj., (1959) atuaied th© effect of dietary

£ai(fc'< calorie intake and profesin iev^l ori tte perforFfjsnce '

anr' occurrence o£ fatt^ liver synara'i© in, staged layers,

I'hree levels of proteift vi:s*, 15, 20 25 p«r cent were -

empioyed and each IsvgI wag fe<3 at energy levels or 7&3 as'sd

9'So Calories producfcivo s-nergy per jxDtirid, 13^ 2Q md

25 p«r cent protein levels war« also fed at emrgy levels

of 940, SSo and 000 Galoriee PE per pomd, respectively,.

Results?' showd that the three protein l^v^la £e^ at energjr

levels from 7S0 to 96Q Calories p®r pound did not shmx ens''

eignifiearjt influenes on mjg production* Signifieant

differences in serura aholesit^rol were found to ©xist between
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protein ievels fscS and to signiiiQantlv GCJrreiaterl

{positively) with total liwr £at* per lii^er fat,

serum iipia pHoapliorus^ total s«ram protein, and total

seruiii albon^rs. Bittary protsin snd emrgy Mw&l& stmlied'

did not have any effect on t©tal g^rui-a lipid liav'ela*

Three intake levels <3a.ch of protein# and

vitamin*^aineral mixture upon the perSormaoqe o£ laying hens

'were investigated by ©leaves et (1967)^ Ew roaxim^i ,

egg prodiKition, energy eonsisi^ption approxiirsated 323

kilocaloriee of ME during first 52 we^lcs of mgg produc

tion# 294 ioeai frora 53 to 76tlj wetsk of €gg production 'and i-

an overall int^Jce 318 Kcal q£ m per h^ii eer aay during

the entire 76 weeks egg prodiictic^ji period# Protein intake

per hen p€r day for the asms tirne int^tvals i^iere 17^6^

ana 17»1 g> respectively , a flight inerease- in egg veidht,

i«?as observed as energj^ and protein eonsisiiption were

increased4 l^aKimi^n egg weight was not obtained ^J'ifeh those

energy and- protein eonsuosotion leVQls whicli eupporfced

maxi.mun;i levels of egg proauction^ HomvQr,, these differsncGS

ware relatively small,. A gain in body imight wasi observed-

t'jitli those energy consnraption levels wMch prodmed maximiw

levels o£ egg praduetion,

Spsera and Balloijn (1967? repafrts?3' that tliere waa a

distinct difference of pifotein reqairemtnto between
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diff<sr€nt 'strains of trnghorn h€na» BttBim

.performiad well ©a a 15 per cexife protein ot. an sjg^rgy

level o£ 2860 J^al MS psr kg, ^yhereas another strain

requirea only a 13 per eent diet, vmen onGrgy

increased to 31§0 i<eel^ all the strains rsq^iired lUghir

prdiein levels#

Quisenberry et (1967). con^rea emrgv and protein

phase fiseding ultn conatafjt diets tislng acra?i®roial ptiXlefeS

housed in cages«, S>rot€in levels of X6# 17 and 10 p^r

an^ prodi®2tiVe .energy o£ 937# 932# 93fj# 946# 9S2v' 1000 aji(3

to32 Calc^ie:© wer« used* It wais observed that & c<3fnMnatl,on'

or e.nergy and protein phase £e@:dl!ig was superior to either

alone. Protein phase feeding reaulte-S In higher €gc'

production* Imer weighty saiwe eg§ eiiae^ <3aily feed and

protein CDnsuntptlon, but fewer calories tn.an eeergy phase

feedlEcj*

ereek <197o) explained thQ math€,fiiaticsl analysis of

protein and energy requireir^ata,. Caleulatiotis i?eveal®d

that the slope of the dalc5jEris*proteifi sratio for .a c,orn~

aoyabean ^al Mend varies considsrably f!>ore with reepect

to chaoge in nutrlerjt quality with adult birds or layin?^

hens feJi.an it doss iri tli©' broiler range. 'Si.us t^se oalorie*-

protein ratio doe£5 not have a constant meaning at praetieal
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pointars Essppessioit of energy-prot^in reiation»lilpa in '

terws oM "per cent protein p«r mQgacaXorie"' sJjowed quit« j
:e3.ssriy that tMe slope le relatively constant and has'- i,

i'
equivalent meaning* it was reG«»in«nas<3 that protein fee :

«3^€S3«a. as- ,©ent per •megacal^^ie" rather than the i'

aalor£€«proteitt ratio, . !
I'

li»re« essperimgntfi were Getj-aactea to escaralne the- ''

effects of thrse levels of dietary protein via«, 13# 16

aiid 19 g, tiir«e levels of <ii0tars' energy, vis»^ 275

.^nd 3i30 l^cai volisDS# weight and eflviraramentai

fc^mpejfatiare- feed coneur^tioa ana certain p-rodtaqtion-

aharaGteristies in layinf ehickens {Gleaves an5 iJewan# ;

1^74) • Bietary protein and energy did not esesrt a aignifi^

easst i^liience Ofi £eed eqnsiunption. Ag dietary energy was

iris2reaa«a feed intake dsereased^ but th€ effect'was not i

aignificant be.caaa© cf the jsmall fange of levelas usea* S
i

0i€tary protein and energy significantly influenced ,
1

iivabilit^. Idvability was generally best among hens that'

mre fed the two hlQhsr levels of dietary protein ie.,, 16 •
' '',

anS 1,9 g. I^ivafoility was significantly influeneed by j'

dietary en«rgy osily in tlie suimier eKperir??ents, in that

saa® as dietary energy was inereasea, Mvability deereaeeai
. !•

aietary protein ms increased egg larod^tiction increased '
1

signifioantly, alon^ with a significant increase' in body ;:

I:
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gain, effect, of energy wa^ aignlfi^sant cjnly iti

V, . • . emmw X mlwi^ fscjtoriai trial, m this h&6y i'
1 I

««igl5t gain ii^raasnd a« <3ietary sn^rgy was increased# '

Qaraage ana T©ung (1971) stuaied the effeqt of four ^
iidietary prot«in and two energy lewis ©n tl-js Qhsmical and ij

phyeleal composition oS the <igg and r®,ported that I

imm&sim tm aietarj? protein' lev®! from 12 to 13 p^t t

C€nt resulted in «n inerttase in total sgg weight and in

th^ weight of all «gg components^ Inoraasing the dietary'

meiem lev®! irom 947 to ldo3 Calories per pouna. proaicea j,
-only minor «ff«et8 on relatives weight of egg cmmnunt p^ta*

Sadagopan gt ai^ (1971) investigated the e££ect of

different l«v«ls o£ protfiin, «nergy and tligir relationehip,

on «gg',proa«ctiori a-nd £e«d oonversion on diets containing '

mediijtd and high energy levels with foiJB? level® of prot«in ;,

f 12» 15, is and 20 per cent in '̂3hit€ Iieghorn pulleta»l
fh«re wa0 no aigniSicant di££er0nce on egg produotion. with

dl«t» contaiJ3ing 15# 18 and 20 p©r eent prot«in itfith medi«|Fi
&m high mergy lemXa ie«, widening the calorie-protein

ratio irom 13Sii to 179t| (mal'MS per kg to per cant I'
.protein)# But widening the ratio- from •I79tl' to 206!l at I'

' • ' I

M per c«at protein lewl-ahc^cd a slight dsGrease in egg

produetlon# Feed r<lquired to produce one kilogramme snd

OB« ^o.K©n eggs ms progresaivelsr de^^eased as the protein ['

-Sw.
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mntmnt of th« diet inGireas«a.# Iliougli ,lner«aein@ the •

«n«r-gy eoBtent, in tym mm pfoteiii s«?^i®a did not affect f

til# produation the efficiencF was improved.. |
K(5w«veif>' mM^mm 30o«<5 ei'fiei^nc^^ wae observed with rations

II
(,- ^ontaiain^ i4Sil to iSIsi ratios at IS and ao p«r ccnt j

'protein l€v«la»
i'

Tosiil<93 and .i^athii <1572) r«rx)rt©^ that afedomlnai i'
i:fat of hem increased with ti^ nigb eiieirgy aiet® and ,•

aeeraasea wit!? the low energy diets* Bietary protein [
level haa litti€ effect m abdotninal fat* With, cMekens |

aiet« uith l€s.@ energy r«®uit«!a. isa le«s .abdominal fat i;

&m the «?iefera protein in <3i#t als6 r«audea abdominal !

iats# Tiw. protein «tier^y requirements of laying .hens |,
in smmt tsn^rature was asttrmined by Ryblna and |;
i?«<shetova (1-972) • h^ris '̂ reris fed rations conteinitsg

p?©t«in raging from 13*0 to 19## per- eeist asnd emrgy trcx^

a60. to 304 Keal m p«r lo& g* Average montlily te.mperature'',

the trial was above 20* from 3me to October and from i

i26«7® to 32»4*C! in July and -August# Th^ Qroups given

prot«in .1$*6 p«r c«ifit «na ener^ 304 steal had the higheat jl

sverw si^ener em yield at 72 ,p«r sent, with 73 ©nd 75*5 !'

per costt^respietively#- in J^uly aM Aiigyst* Egg produotion'
—i'' \ . f©r the given 17 -p«r cent protein and 271 Kcal ;,
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encirgy or the normal protein and energy levels for caged

layera, was .fjcom 5»6 to 10 psr cent less than s''iel«3 for

tl3©. grcaups given high pirotein and erteirgy levels# lli©re

was a definite positive relation between xv'sight of egg an<3

level of protein lit the £ecd» The grotipa given protein

16*9 per eeiit anfl energy? 3ol Keel had the lowest f€«d intake,

Karunajaews (1972) iBti^ie^ the effect of two protein

leysIs vis,^ IS snd 17 per cent'each with two energy

lewis vis*# 2660 sti^ 2340 teal m per kg on the performance

of feiiiree strains oif different body weights^ Birds of

either level of protein laid at similar rates and had

•similar <sgg prod^^tion oti hen itousetl basis.. Birds cjiven

more energy lai<2 ffjore'eggg on hen housed basis than those

given less energy. Egg sise of diSfersnt strains differea.

'Thare was a oignifleant interaction between protein and •

««ergy content on «5gg wiights, Sggs were- lighter vh-sn 17

s«r cent protein was givm with lees energy* Birds £ea

15 33@3r cent crude,protein with 2840 Ifcal ?4e per kg wag the'

most efficient in this trial*

©leaves ^ (1973) conducted t%?© ei^sarimente to

estimate the niaintenanee levels o£ protein arja energy and

tho €£f<eet of egg production U|3©n fe«5d consu!i®tioii of

laying hen*. tWentyeight week old pullets were fed nim

diffeiTGnt 120 g diets containing all corabinations of
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ao, 13 and 16 g proteisni ana zm, 250 and 300 m&X of me,'

"ma first €2£p€rifrient includsa fjormal and ovoriectornlsea

•pullets iinder oont-roil€<3 environmenta 3. t@mp«jrature • Hiq ,

Biscond es^ricwnt incloded no^al ahd progsstej'oiie

i'oj€C!t«d pullets under controlled eiwisronmental tempcratuare,

• liveK-ags produetiotj was 0*189^ 0,086 and 0«740 eggs p^r hen

per -for thm omrl<~at<xalzm6, progesteroiie injected and

JiQEKial hens, rei5p€etively« Body X'^eight gain was o.66, 0»69

1#14 g per hars per c3ay for the rcspeetiw treatments.

Fe(gc? intake levels mrQ siQ_FSificantly different at cach

m^s^W l€V€l«. There wais no significsnt effect of protein'

i^pon feed intake*. Egg production for normal and "non^

l.aying" n^ns iiicrcaesa eianificantly with each increase in

dietary pt^otein.*

e^^^rimsrst was conducted, to aomp^^e tiie laying

performance of seven strains of ^^ihite iisghorns ilouaecl ifi

oages wider two difiJ^srent intenaities wh«n fed sevsn diets,

dif|«ring in protein (ranged from ll«l to 16*9 par cent)

arid energy {ranged £rom 359o to 2360 Kcal m par kg) levels

(Mt^feen fit al,, 1973).* It viae coneluded that protein

iftt.ake was the dietary factor most closely associated with

large effects of diets on gains irs body weight# egg

pr©d.ucjtiQ!i, egg sise, festf conversion and albunien height*
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Average daily crude protein ifstaKe of 17 g £or tlie laying

year 'appeared adequate aiidl ther© was no sioniiieant strain

difference in cliatary effects. Effect of ration on e«3g

quality at 4So days of age was relatively minoi:# loi^?'

l^vel o£ protein was associated with smaller egg aim, a

idt-?er rate of production and hsnoe with hlciher elbmiisn

height and Haugh unit scors.*

With the objective of deteriiiining dietary protein arsci

Qtxergf requirement of laying liens in tlie tro©ic, Khoo U974)

conducted a trial in Miich birds wr€ frael]? offered six

aista with protein: 15, 17 or 19 p^r cent antS metaboligaTole

energy 2»6 or 2»8 .Kicsal per it tvas found that for

highest egg prodiKstion daily intake of' 2©3 to 300 Ksal J-5S

per hen •^bb rec|uire<3, A ^ist with protein 15 p®r oerit ane)

MS 2 4.3 KgqI per g was fota-jd to be adequat<s £or good egg

prcduGtion and feed efficiency esspr^ssed as l:g per

desen egge or g £<sed per g egg* Protein or Qnert^y content

of the diet had no significant effect o.n €gg production-,

albuiTien height or stiell quality? ho\^?sver# there was an

interacting effect ©f proteiri and ^energy oh egg weiglit*

s^an body x^cigHt gain was greater with 2o8 than, witli 3 *6

^ _ Keal per g diet.
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The effect o£ three energy 26S0, 27SO

and 3050 teai per kg $as^ with two protQin levels

IS and IS per cent on the psrfortrSisice of <isag€d layers in

th« tropica has been, investigated by SucjanBSi

l^he trial lasfe&d tmc om y^ar m4 the av«sra§«

moritl:al^ t€mp©ra,tur«@ ^wring the laying year 3raflg«5«3 frsm

25«6® to 26«9®C. P'ulieta on Mgher protein leva.ls iaid

significantly ti:«>re eggs (P/o^Ql) thsn- tlios^ on tlie Imimr

protein level* The groins 'fclte higher protein |

consuiwsd 17 to IS g of protein per bird per clay and

fed the loifer lev«l oonaisma^i 13 t© IS g, Bgg production

at the highest energy Icifvel as sitjnifieantiy lot^er Cl>/o..o5)

than at the two lower em&gf. levels wMch ^id not ditfer

from each other, Fsed qionvcrsiori waa significantly

better with tlis higher protein l@i?el than tfw

iovMr on©# I^reaainvg the (tietarf energy level restiltea •

in a highly significant decrease (Wo^ol) irs f.csea eianaaf^^-
i

tion» Feed cons:iKTption of liirds .£ed the higher protein

lyas greater (F/o.ol) tham tiiat of bir^s -EmS ti-® loiter

levels* Egg w^sights iacr^ased slowly auriHtg tlie year aii<l'

readied a pla^au with no sharp dfjereas® at any tin^..

Shell, thickness ani i^mgh usiite ifeciirsed some what during

the y^.ar,. Bgg insight/ shell thictejess .fliiugh units

«ere similar fea reported t«ra|3«rafce zmm values. This
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-~X ©apported the use of 17*5 pei? cent rather than
IS per Gent protein and an eftergy lewl of 2650 or 285o

Ifeal gB MS per k^*

Ivy and GleaveS' (1976) conducted an ea^rit^nt to

sstlrRat# the miuimisn protein and energy requirements o£

laying hsris at dlfferient production levels. Egg

production l€^ls of 4*2» 29#8, 49*1 mid 7G»5 per qent

mr^ actueliy ^c^tainecl with progeetsro.ne tiierap^,^ the

effects of egg produetiQn le^el and aii-iterv' energy level

on feed oonsumptioft were statistically significant,

^99 production iiioreased feed intake increased ant3 as

energy? lavel inereased feed intake decreased# The |2rotein

e.,na energy co!?aumption at agg production levels of 4,3,

29.-8* 4.9»1 and 70.S per cetst wr<s 9,3 and 182# 11,4 arid

2.27, 12-«,S m<3 25.0 ' 13-*5 g ©nd 269 Keai m p«r kg,'

re.a|«2fctivieiy* Tho raaintenance reijidrement was estirfiated ,

to 130 6-#l g of protsio arid 1S6 Kcal .per hen per d'ay.

It appssred. tliat iS g •of protein ai^ 299 Kcal ME per hen

per dajf would be adequate £or Mrds produsing So per cent

CJE- mr«. As ^gq prcs<3i^tiOSi ^eclinea to 70 |j«r cent,

13*5 g of protein aisd 269 l^al I'E eeQtT^ed adsquate. Finally,

^ ^Men prot5uation aeeli.ned to So. psr cent, 12«S g of protein

i0n<3 2So i«;al per hsn i*sr <3siy appe;ire<3 to be sufficient*
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|iiat.h0r ^ it97^} carried out an esqperlmen-a to

stud^ tli€ l^^iuer^e of dietary energy, protein and

eriViJ^omrserstal tenroerature on feed Intake and hen perfor- ,

m^nce-.rn The tifeatsTsent.s aoiisisted of tl^ee levels eao'h of '

energy 200# aSo and 300 lOsal m and protein

|3# S6 an<3 19 g in 120 g feed and two environmental

t&mp&s:(3tur€8 vis.,; 14 and 3o*C. Ther© was a significant

inverse relationship feetweari di«?tary energy level and

£eed intake snd protei^n intake and a positive roiotionship

with ijody Weight ahmge^- THg energy intake o£ hens on tlis

iow ©riercfy diets was significantly Icswer than £or the

misdiiifn ®n<3 hi^h. energy diets* The treatm«iits cU& not aigni-

Sicmitly influ€iic!<3 egg productiori# alfeu^i^ien height, Haugh

larsits and livabiii'ty*

Hybrid laying hens i-jsre ofsered £©r eight t-jQeks t-Jith

osi? of tht. tl'wee diets, -^ith erude protein 17, 17#7 or

18*3 p«-r mnt ana metaboliaabl© energy 275o, 286o or 2930

fejai per kf, eech containing thr^e., four or five per sent

^^aleium (Halaj and' Kovac-, 1976) • With increasing protein

at-jd energy egg vjeis?ht tended to £ali but Galcium content.

liatS no eMBeot m

-V
ttie effect o£ tl^ee ievsls o£ caleim?! vis,, 1,Q, 3.S

5*4 g, throe Isvels of protein vis®, 13, 16 and X9 g

®ii<3 thre^ iQVfil® of ® vis#, 200, 2So ana 300 Kcai in 120-^
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^ on :6eed intake, egg ©HelJl quaiit^f ?snd hen performaijfice

was studied by aiea^ea ^ (1977)« ivvcrags egg

piro<3iicition wai3 best with diets contalE^ing 19 g proteins# '

SQD Kcal m and 5o4 g caicium-o feed itJteke 'wss

£n.£iueiK!©d: significantiy by dietasfy energy protein*

As ps'btein level was increae.ecl# production iRcr^aeefi

and consequently feed ifita)?e incr'^ased. ^otein was the ,

only variable t!iat significantly affeQted '©gg \?esidh%* Hsif5.s

fed ths Xms le^ei o£'protein eggs that were o»8 ,

to 1,5 g lows£' in weight than hefts feel the other ttoo

protGin levels* Tlie hefis on t!% high isvels. produc6<3

lighter weight eggs than tho5»e fed the inttgrRie^iate leval#

but the effect v^as not significant, T!wr<5 «a.s ®- gradu^il

but significant ir^rovement in albuiT^n hoight a® dietary

protein increased,•

Vyaa e^ (1977) tried tx-io levels of dietary energy

via## 2650 ana 34oo Kcal m par kg diet each with levels

of protein vis,., 16 and 22 per dent iifi ea^ad layers* it

MB3 obsejcved that the Siat, with lesf? ep:erg5.'' and more protein

gave fewer eg^s than the others in tl-^ col# month of

iJanuary and niore than others in October and flaroh# Hens

given it required more protein par 12 eggs than the othsr

groups,' Diet had no'significant efEect on size of- egg@-^
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Mqhan at (1^7) Ijad taken up a 4 x 4 factorial

«3^srlm«afe with 11# 13, IS ajid 17 per .c«srtt dietary

protein, iewle, «ach -with 2S5q^ 26.B0# 37SO ana 28S0 Kcal

m per l2-g to fina ©ut r€lstlo.n®liip of protein ana

in cage«3 -lasers* Th# results ahowsd a slgrsiflCJantiy

egg productiai aaa ef^ioiency on 15 arid 17

per mmnt dietary prot^sin level a® adn^r«d to 11 or 13

per G€nt dietary pmtein level, ^'he protein x energy

interaction or Increa-se in energy iev6l in diet did not

any significant sffeit on feed effieiericy but affocted

thf egg productiosi:. Tlw average egg i^eight and body weight

^ain. inc3reas€<3 with «2o.rs'€sp©ri<3ing increase in protein

^ 3.evei,. With the inqreas® ira protein •level from 11 to 13

.p^r omnt there was a decrease in albuiwsn C|iuiality» However,.

•SR incyeast in aibxatrsen quality was notieea when the energy

level was ir^reasea from 25$0 to 275Q mal Fis per kg«

l©th albHTiea <|iiQlity and average €gg weight vmr^ affectcd

by proteifi x energy interaction,, increase in aietery

protein level rssulte-a in increase.a Garcass moisture and

eareass pr<5t0in content, while an incrsiQse in dietary

energy l«v«l r^euItGd in dacreassea misiture and protein

GO^itefst %i?ith -sliTiultaneoij® increase in fat content of

earcasffl,, It waa concluded that a eaiorie'«protein ratio of

I77sl witti 1$ |5er cent dietary protein ana 2650 Kcsl MK
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p«r kg appears to foe adequate ior optirmn performarsa® of

caged layers*

KfHDQ and Beh <1977) cor^iacta^ aju €3<perl.mnt ift which

three levels o£ aletar;^ protein vlsU 15* 17 IS per

cent each with Isvels ot rostaboliasible mmtgf viaj*, ,

2,61 and 2»SS SOsal i^er g were tri€d to find eut the

performasios ana riutritional rec|tJir«rr»nt3 of dt?;arfs and

fton^d^-?ar£ layers. It iisticed tihat althougJi .tlse output

irm neither gsnofcyjjs ma jsignlficantly affeetc^ by

diet there was a tsendenqy for the t^arSe to p£oe3uc«! more'

eggs from tha ^iet wim m©re pmteln ana 2»,SS SSsial m

p€r g.

t^Thite Legliorn hens# previously having a r^striate^! ,

intake o£ feed for weeJcs, wers fca with dieta

tecsntaining various levels o£ -energy Ci®K), vis»# 930, llop^

1270 or 1435 kJ daily and.proteid vis*^ 14*3# 17#6, 21»2

or 34,3 q daily (v^reelc end Kirchgessfiar, 1979) and

reportea febat with iEeraasiiig energy or protein, laying

increased prcsqressively £r&^ afc^ut 89 to 94*95 per cent,

Eqq weight 'waa increased co,nsi<3erafoly fey increaaing protein

supply although not with 24.5 g daily^ Bodgf ^'€ight of hens

WB.8 inoreaaed rrost by increasing the intais? of energy#

although increasing fhs protein also had a ^positive effcct#

The effect of four levels o£ K-corractga meta35olisable



^ mmgf (me) lloo, l27o l44o W daiijj- and

four levels of crude protein' via«# 14,3# 17•6^, 31.2 and

24,6 g daily on tlM nitrogen balanoc of caged layers was

studied by Vbreclc and Kirohgessrisr (19Soa)« It was rioted

that the H balance was slightly even Mith 24*6

crude prot^in^r although the daily protein loss decreased

from 0*16 to q«04 a© th& profeein siipply increa^ccl*

Greater dietary energy di^ not N loss eves when

dietary protein st^sply "^^.'as ^uboptitnal®

In anotlier study, VorecJs an^ Kirc3:Tg€Ssn6r (193ob)

reported that aepenaing on the energy ®Ka protein intates'#

•tlie ntean dail^ protein- retststion hf 9S hyferid^ laying hans

varied, from 4.7 to, 7,1 .g. Retention ms m©re influencedi

by the protein intake- than hy th© total ^netfgy intalc#*

Tiie crude protein utiliigation ranged from 24»o to 36#o

per cent. Increasing the crude protein intake aecreas«a

the utilisation, wMl«s incs^easisig the ©netgy intake

increasea the utilisation, tlie cruae protein utiliaation

for egg production t^as 40 pgr cent oi: tl^ total*

Tlw effects o£ four levsls each o£ dietary energy

Cr©ngeia grom §30 to 144o ItJ per hen daily) -ana crude

protein (ranged .frcMi 14.3 24.5 p®r eent) m th® m€fcabo»

lisatoility o£ dry matt€r and organic contents o£ the di«ta
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per cent rcspeetively* Corres-ponding values ©f nKSft
s

' egg WGight, weekly feed intake ana aSfi^ieysey of fe€d

conversion i-^ere •60.47* 61,11# 6t*02<. 6i«07 g ?

• 157.16, 147,56^ 142.03^ 130.37^ 126*72 gi 3*674# 3.4€0^

.3,*262,j, 3.031* 3#014 kQ fieed pgr kg egg^ respectively*

IDorari ^ al • Cl93o ) obaerved the. response of 30

strains of ©gg t-^pe pullets to foiJr layer <33.ets differing

in proteiii and ©oergy level®* Diet one contaiosd iS«l

per cent protein am 2770 f^al m per o£ feea/ diet two,

i.S.i ;p©r Gent protein sfsd 3016 m psr-kgi iiet

17,2 per esnt j>r©teiifs and 277o Kcai m jpe;r ©nd diet faxsr,

17,2 par dsnt protslri and 3010 ifeal f-©'per kg of feed*

befja on diet four laid at a signlficaritly higher rats t'fiara

the h©na on dist-s one or tyfOm Hsbs 'r^ceiviag 3,7»2 per eont

prot€in laid 2#19 per cent tsar© egg® than hens receiving

ISii.per cent prote.la-, Tne higher caloric leva! improved

egg produotion omly o«&6 per cent# M ^oteln level

iiierease^ and caloric l@¥el <witJiin mch protein lewi)

Inoreassd, egg sis® incrsssed, fsed required tQ proclude a

imit of egg decreased aad body t?eighfe iEicreaged, Type of

diet had no statlsticelly significant effect .on interis^r

egg quality e3«j:tf:ess6d-as Haugh units .or npon mortality,

ProtGirs level o£ the ^ist irtcreased egg sise more aionlfi-'

cantly than ealoric level®
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Hie effect of foiir Icirels of tnefcsitoolisable ©nerg;/

(nitrogen-corrected) vis*# 930, llOO# 3i;270 and 1440 toJ

daily, each with-fotir levels, of crude •protein vis#* 14,3>

17,6, 21 #2 and 24(i5 on composition Of

' laying liens was stiiaied-by l<irchg€0sn«r an<a Vi&reck. {193d)':»

ht the start of the e^^riment, hms had ari initial bodj?

%;ei«3*nt of about 1600 g and contained an average o£ 45 *5

per acnt dry matter# 23»3 p@r eQnt Grud<2 protein, 19,2

iper cent total fat arKj 12«5 !«:«? eri^gy per g liw weight,

During the 40 days o£ ej^riment, the varying energy an«3

protein supply resulted in mssjor ehanges of corr|30sition»
I

depending on •yhetHer the hens gained or lost weifjht. Drv

matter varied from 41 to 49 per cent, crude protein £rofn 20

to 24 per cent an«3 total fat from 13 to 24 per cent of the

whole body in relation to tl-te differences in energy and
!

protein sujply. Differences in final body eomposltl^n of;

the hens were almost ^;5<c!iusi¥ely affectad by th€ varying -

energy intake, hom^ emsgf isiteik.^ results^a in a reayctien

in fat .coritent, decreased hcxlv weight arid aecsor^ingl?

increased protein content. Conversely, higher «!nerg,f

intake brought albout a lowr protein content o£ trie whol«'

body because of the increased d<;positio)il ©£ fat»

Reia, and Maiorino (1930) investigated the. effect® oS

aietary protein and metcabolizable energy on lay^r
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p9r§ormmcQ employing fotir ievelQ of vias,.,. 2*421

2*64# 2*86 ana 3#08 Kaal p^r g of diet and Icvsls

of protein vis.* 14, is ana 18 per cent iri a 4 k 3

faotoE-aiX design. At the 14 per cent profeelii level,,

Increasing ttm dietary emrg^- a progressive

a^eroase in egg prcidmtidn rats,, feist an lnK>rsvaijw.]nt i.n

f<l«5d conversion e£flci^iicy, The protein intake levels for

bird® feel these diets varied from 18#3 to iS*o g per bird

psi? aay a© tho dietary energy wais lnct:m0Q&* Bir^s 1.6

per cent protein gliowea increased egg prodiictiosiii as t?s«

energy of the diet was ipcreased,» is^igressicsn analysi©

suggested a 2^25 psr cent irjorreatse in egg proamtion for

each ©•.22 Kcal m increase p©r g feed# Protein intafee

Varied from 19«4 to 17.0 g p&r bird pm dajf in tMs aeries*

"the 10 per cent protein diet resulted in protsin intatkes o£

iS>o;2 to 22^1 g |3€r bird per ana less respons® in egg

srodijetioa than was obtained at 1$ per eent proteiR with

iaereased levels oS energy, 'Vh@ CQlcuiated prot^ifi intake

reg:iiiren)ent during th® first twelve weeks wqs IT#92 g m-3t

bird pex to @m>gort S4«8 per cent egg pm^mtion*

Durifig th® s.ecosicS the reqaireiiaant was

igstimatea at 16»5 q protein per bird per das/ at ?7,3 per •

eent egg productlosi# while cTuaring the, lest twal^e weeks a

requirement g£ 13#0 g ,p©r bird per day was dst€2rmins<3 at a
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61*7 per cent, prodtKJtion rate. ' Calculations o£ g of

profceln nseded, issr egg 6ming each of the three period®

I'islded values of 21.1 to 2i,4 g»-

In a study, £our levels oM protein vis«# 12^ 14^ 16

and 18 per cmt €a«3h wit'n four levels of mstabolisable

ensr^y viz*,, 2S40, 2640,. 2t4o and 284o ffeal peJ: kg were

tried to find out the .productioa traits of caged lasers

(agday et ^♦#1960)» TFiore was significant improvement in

• |>sr esnfc sgg pircsduption# £eedl coftsurmstion, fe<3d

€f£.icifeiicy and' egg weights increase in ghqJi level of

dietary protein. Increase in dietajry energy levels signi«

-ficatit.lf decreased egg prodiiction# fe.ad don3un^tion> fee<3

effioienc^- anci ©gf weight* . h mas^imisn productive response

x^aa •©btalfied with 18 pisr- csiit proteia diet in CQmbirsation

with dietary energy levels o£ 2S40 an,d 2.S40 Kcal psr kg

la rsapei2t of egg pmdmtlon and £Bed effieieney^.. Ths 14,

16' and IS per ecnt protein diets were sirailar in afgceting

the sgg mights* Xficreasing levels o£ aitstary protein

.rssultea in deeline in both albiM^n and yolk quality.,

vhil^ increasing levels o£ dietary ensrgy if?^roved albimisn

quality «itli no effect on ^j^olk quality. Protein x energy

inttraetions: were- aignlfleant ^/Ith all the traits. It

coiisluded that saiorie-;®rotein ratios of 141 and 141' with

IB p€r G«nt dietary protein and energy•levels of 2540 ard
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26^ Jffijal per kg appesre:d to be satisfactoiry £or optimum

perforsianea q£ cacjed' layere*

t)oran et, al. (19315 eondiKJted an experiment to stmlf

the efifeefc of four grower-laysr dietary feeding systems or

ia^rer psrforrr^nae • "fh© fseding systems were as

ioilcswss System A - 16 per G€nt prpteln^ 20So Keal HF. per

kg item 12 to X& t/ecks d£ age,- 19 ]^er eant protein, 29oo

Keal M? par kg from 17 to 21*5 weka of ags, 16 per cent

protein-in th€ lay^r phases systsm B «*. 18 peir esent protelfj

In the ias'-er phaeei System C -» 16 par cent protein# 2750

Kqal fffi par kf from 12 to. 16 weeks^ 19 psr eent protein,

a"?©© KcbI m per &g irom 17 to 21 #5 wecfc© and 16 per cent

protein in the layer pfim& and Sj/sten^ D « la per c^nt

protein in the laygr phaa««, Hen-day egg prodiiction for t^e

di^tar^f systems# A# B# C and D were 74*25# 75.25, 73»51 atid

74:ji95 per cent, respectivsiy:, eGrrespenaing values for egg

might mt€ 37^B5, S8#a6# 58,04 and SB.7S g# raspGCtively*

-Analysis of ^le data rsvealea that birds subjected to

s^fstem B had a .significantly higher rate of lay and f€«ci

e£^lGl^sicy when compared with system C» Th© inereaseci

protein level ^lariog tlje laying period inor®ase<3 egg sise

.signijgieantly. It was aX^o ob.serveci that feeding system

had little effect on fco% WiSisht dutlng tl^ laying phase.
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\ was condiscted to find out the effect of

dietary protela and energy content on laying hens e3<pose:d

to ffisan daiX-f .maxiraum tci^ratures f^-om 33*,3® to 42,2''C

C%att« 19@ia), Metary prqtsi.ri levels iranqed

from 14 to 28 pur cent and energy levels £i*om -2511 to 2811

^al per Hzg diet* "Tiie protein an<3 energy level®

«rapl6ye<3 in this trial did not have any slt^nlfieant

influence on egg prodiKtic^, egg veigfjt m6 Isoay weight

•gain/loss» However, egg prodiiction t^as higher on higher

protein levels and egg weight increased upto 20 p©r cent

protein levcsi, but not beyond, ftost birds lost weight to

thn ©sstent of nine to IS per cent regardless of energy or

x. profeain level or protein quality* it was observed that

inadequate en0:rgy intake father than protQlri# appeared to

rmnXt in de^jjrsssion in egg production, egg w^iight and loss

ot body W€ight* ^e' authors also- suggestgci- that protein

requiramsnts' appearea to be 18 ,^r cent or hi#ier.

If? another study# Thatt« al, (1991b) employed

varying protein levels from 14 to 24.5 per cent and energy

levels tfcm 2511 to 2S11 Keal f-E per kg uni«r the tropical

climatic- conditions to estimate their reqisirenBats • No

•^igriiflcant difference oould observe«a in average egg

.^rodtiotion# egg weight# egg raase and body wei^ght gain
-<
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between varying protein and energjr Is'y'eis# e3«2e|>t tliat 14

.p€r sent protein resulted in signiiSisaritly icfmr

egg proaueticn an^ egg mass# In {general, egg pmaustion#

egg weight 'an<3 ho^y weight gain w#r€ higher em liighsr

protein leveis, X<cKv'«fr- energy diets showed higher egg

production but egg wtsight and bsdy u'eight y/ere hinhm on

higher en^gy levels* Tma .conversion e££iciency_ (feed per

•do.3en eggs as well as feed psr kilogranwie egg maiss) was

better on higher protein and i-iigher energy levels, ,l»rotein

©oii\?ersion was higher on lofe'er protein levels and Mgiier

energy levels., Enerfy conversion' aha^tfa.d the reverse trend.,

An average c3aily MS inta}?e of 30l to 303 Kaal supported high

prddiK3tioB« Daily inta};e of lv9 to 20 g protein sis^sdrt^d

higtmr 'egg produatiori, egg wight and body vjeiglit*

f^arid et al* ' <1982) carried oat three' ffi>:|3€rlmeats to

evaluate the' effects of body weighty, age, a,.ietary protein

asi<3 tallow levels on pterformaac©, nutrient Intake an<j energy

utilisaticaTi Cid! laying h®nis,# old# r^ultod ana young hms

iltf lo6 and 27 v/eeks of age, rsspsctively), divided into

heavy and ligljt weright t^?ere empXofQ^ for the

stody. They were fed with lo diets contaiJiirig 2.2^ 14, IS,

18 and 20 per cent dietary protein In cofis&sifsation with o«e

or four per eent suppie^rnentai fat. Egg oatput was increased

,with the siipplsmetitation of tallow in. -mly ths young b.irde.
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^ Sstimated dallv' profeein intake requirenwotS' wer® 16

3.3*3 and 12,8 g per day to 3U|^rt proaisstioB lemla of

84> 64 and 66 p«r cent for the'young, ol6 arid rnoultea

birds, rsspectivelsr*

The effects of feeaing tliree protein l€V®ls 16',

13 and 20 per cent, each at threa metabolisable energy

levels Viis., 2400, 2600 ami aSCKS Ifeal p&s Jcg diet In tht>

tropics wer©' studied with brown ega type layers Coiofflu aw3

Offlong, 1933) • Bletary protein haa no slgBlfi^jaist effeots

on h«n«da]f egg prodoctioft, egg .weight, Hatjgh units, feed

ifitak©, feed conversioi-s, j£.ee<3 cost psr dosen eggs, calorie

• intake, egg weights md final ho^ wgigHt, Frot€if5

X, con©iani>tion on all i<s.vela of dieta^ peetein was over 20 g-

per bird per day Qn3 increases! aignlfiesntly with in^^r^asts

in dietary prGt<siii» Hortslity was lowest on the highest

•protein level„ The- highest energy l€\^l signifieantly

depressed egg jarocliKition_ and feed and probsiw intake# Th©

feed eosta: per dosan €i3gs Itidreas^a ©igrjifieantiy %iJitti

increases in dietary energv' isvel. C^lid>rio intake a'ntS

final body weights mm sirnilar fm tHe merM®) and highest

energy levels but significantly higiher tlisn that obtained

on th® lowest sner^ levsl.^ Sgg weights, Haugli units, feed

per dosen eggs and fuortality were not ©ignificantly af£ecfee<f
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hy emrgy levels* Insplte of the average fnaxlmian monthly

temperatures, ranging fsrom 26#8 to 35*2 annual egg

prodtAOtlon was aboyt 71 to 73 psxr cent for the best groups,

figures con^rable with those obtainable irs terr^rate

elimate, ISgg x^eight ana Haiifh units wre similar to

repo3rte<3 temperate, sone This supported

tbffi UE« o£ 16 p«r cent protsin a MS level ©f 24oo SCcal

per Jcg dicit for broivn egg type layata^

Irt two factorial trials,^ laying hens were fed on diets

. tv'lfeh fiietaboliaable enerfy li,7^ 11.3 or lo*9 f-ST per kg difst,

or with 11*7, 11 •3> lo«.^ or lo»5 MJ per Jjf .and-erudc protein

21*8, 20.S or 19»9 g per hen dailj^ (^Tocpt, 1933)* It was

dbsery«d that deareasirig mmrgv in <3iet had' no effect on

laying perforrsarjcs but it i?iicraa©ea feed iii.taMe and decreased

f«€a ®££iaiejioy,, mcreaaing the profeain intake from' 21,8 to

1©#8 g per hen daily dgcreasea the laying rate slightly

^Seqrsased feed ©ffiqieney anel energy ©€fiel6noy by 3#.5

per aent, but increased the crude .protein efficiency by

6#8 per Gent.

Khan and B.agh©! (1933) condiseted ssn e^^erirnent in whicli

s2>jQrf ptiil®ta were £©cl .t^Jith ^iets contBining thre^® protein

^ i€V€is viz4, t4-, 16 end IS per cent saeh with three energy
levels, vis*, 2600, 2800 ana 3000 Kcal m p«r kg diet in a
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factorial design to examine their perfor-mance • Sgg produc

tion is^piTQv'ed' from 62 to 73 uihen a'tw3^ protein "WSS!

increasea from 14 to IB per tsent hut ^ecreaaed from 73 to

53 eggs v?hen dietary energy incrQasecl,. The protsin x

energy interaction effects were not significant#

in a factorial, trial, t^eumann arid Kirchg«!S3n«:r (1903)

stiidied egg. yields of laying hcjns given, varying energy

corwQntrationa, viz», 1070,- 1243 or 1410 Iss? (nltro-gen

corrected matal^lisabie energy) and eruf3« protein vis»,

16.2, 17,7 or 19.2 g Imrlividua;! egg -wisight and

comr-^sitlon were not changed bj? the protein or energy-

IntaSse, so differerices in total output of energy and

protein depemsaea on the ni^teer at eggs# With irTCreaSifscj

intali« the production of eggs was 68, 71, and 77 per centi

Protein intake of 17,7 g or over gave maxlmra egg production,

T'tiisharaf and a^heele C19S3) conekscted a 2 x 3 x 2

factorial trial, araployiag raetabolisabie energy at two

levels, 2605 aiid 2015 KsaX per feji fi»staboiisabl€ energy ,

<J3cal per kg)i crude protein ^%)t and lysine (%X 3t three

lov«ls, 10OO»B,9s0#19, 10001S,9s0*24 and Ia00r7«5»0»24? aiu!

m I fat at tvso levels, lGpOsl.9 and I000s3„5* Burlng

. the stu^iy the aml^ieat tampera ture was cyclic 3S*G by ^ay

and 27®G toy ni^#it at 'So per eent constant relative humidity*
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High energy diets reduced £@ea eonsurrptlon, irrproveel feed

efficiency but had no effect on e^gg weight# ' Xncreasing

protein level improved feed effiqiisney and egg weight but

m «?.f£ect on feed consumption.,

IssfiraQft and c^i^ssler <1932} -condtasted an Qxp^ielmnt

employing three levels ©f raefcaljolisebie energy vis*, lo,5,

li,3 or 12•! •^iJ par kg an^ three levels p£ crude protein '

Vi3v<> 14, 16 or -10 per Gent#, to study the egg yield and

feo<3 intfiKe of laying nena, viith deGreasing energy, feed
/

iistake increased, so that daily ingestion or f-lE was S^lrly

slfitilar at all levels. Egg number and egg weiglit v^ejfe not

a:gfeetea by energy level* Protein lavel afiseted f^ed

intake only with MS at 11*3 147 per kg. Sgg numbssr and

t^€igl-it were leas 14 than with 18 |fer c$nt protein anc3

£€€d required per ld.logramme agg v-jr^oduced vms tT?ore,.

.pse.rforrtvincs with 16 per cent prntein was alsso mih ©ptinf^ai,,,

For practical laying iSe^as m st 10,5 to 12 «1 MJ pgr kg was

r«commend®cl» Witii about.ll.S protein all

should be about 13 par cent,

'She resulte of studies presented in the foregoing

scGtion clearly repeal tliat tllc energy and i^otein rsquire-^

ments'ere govornea by nmltlplialty of factors, the rsajor

&me being the genetic potentiality, climatic profile of th

region in which the birds are growi and stage o£ prodisction.

r.
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—^ With tJw deveioprasnt of cofniiercial hyferids tov higher egg
proanctioii we have aimsst readied a piateati ±rj genetio

irnproV€ment and therefore the efficleney of utilisation of

nutrients is the area that needs attention to make poultry

farming seoncrai^saliy viable, Purtlier the ohange in aysterr©

of rearing as for e:2-£ampl© from deep litt€'r to cages sxlso ,

afl^ects. effiGiency and therefore reccmfnendsd nutrient

allcy^ance henceforth has to be tfiore prt?.Gise for specific

situations.
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mTERIAilS, mm METHODS

hn €i35peri?Ticnfe was designed end corjdwoted at the Depart

ment o£ Seieric®, Cejilege of veterinary and Animal

sqi«nacs, Kterala iigri«5aitiira|. University, ffennuthy# to

€^ai\iate the dietary protein and energy requirements of

cag^a VJliite £,eghorn strain cross la^era unaer the prevai

ling environmental conditiona of Rsrala,

One hundrec! ®pd ninety two strain crosa <i^?N x iwp)

sittgle Sooib '̂̂ hite Lesgliorn pullets of sagie hatch maintaind

at the hll IncMa eb«Qrainat€d Research Project (AiCBP) on

Sultry for Bggs, at the mnnuth^ centre were selected at

rsn<3om for the es^i^Briment. wcjra 176 days of age at the

comrasneejrsent of the trial, Tm birds were wing badged and

tiomG6 in 64 Caiifornia type eolonv cagea ^ith three foirSs

in ^adh* The cage aimengions were 60 cm s? 45 cm x 4o ecij

si2« proviaing 900 em^ area per Mrd# 'The oages had been
erectea in a mil ventilatsd and well lighted poultry house♦

Four l«velB ^ protein 14, 16^ IB and 20 per oent and

four level® o£ matateolisable energy of 24oo,, 2500, 2600 and

2700 KQBl per kg wers enpXoye^ in a factorial design. Thus,

in till, there W€r« 16 treatmssitat ancl eagh treatment was

r^pliaatsa foiw times ana each replicate had three birds.

•The allotment of pullets to aif£#rent treatrnent groups a:0

well as to t!^ different cages t«rere made at ranaem*

-r
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I^10JO&xm&tiSiamssp«©u%^®M.^©arnbisjrUTei^om'V^'

g^u»T^»afiUfamin©m%tpBSIT»$>BW.^anliiaoiiaijsiRf'pe

'jiaAswiQH*at|...aTPisqt^tt®^^dajfee«'a»jmosuj&^qM

':t'̂TWfe6uf^*1©^t^Aa-ta%f%

I50S«»iit»tj,o^r<2sfj^o§p&BiCt©«.9

»«!%•p©»^pm-pa-011%eyT^-pa-qoe#-••S«>-Tas'̂
I^

9m^mtaxipg^^xpa«»«pasfa^.•ao^!^.

mmwoMMO0paeSfBmpm-noj^tiiowfg^mooMii^

:a^»«s»ti^.gom0^mp^^ssmUBfps^i^t
i

*lHfqsiMf0j
i

I..mi%§QmUipaoff^nos®^si-»i|-qoa-

<£Baa«©pue,tii@(i|04i<2'u$6isfi?3©ASisl^xP^§

Bdncae%U9mmm^spwnsp^c?^
/

U
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V The fileterillogical variables o£ macroGll^matB aijch as

teii^-rotiire ana relative huntidity a£ fhe region wl^r© the

-experiR^nfc was oondoeted w&re r^csorded morifchiy*

Tne general obser\mtJ.srjs, were for 12, 29«da,y

psr-iods and were siibsequeritly pooled to forjn four phases,

eseh phase repsreeentin-g a apeelfic season o£ tHe year#.

based on the climatic profile re|,30j"te<3 by SomatiathaR and

Kajagotjalsn <19.83) for Pkimnth^^

Individual body u'eiohta tiximn at tlie beginning

and en<3 of the" e^^^riroe.ntal period to attady the pattern of!

bo<3y x-^eight ijain under %fm dlffiorG-rst ^^edinc^ regiftiea.

Daily egg prodisetion, mder the different treetmsnt

groups was recorded a'uring tthe sfjtire experimental period,

J^om this data, Jien-day egg prcsamtion wag calcoleted for

®ach phase»

F6€a inta};e data recorded ati tli« end of each 28«£3ai/

period and was eaieulated phase wise*.

Peed effiaienoy was ca.lcitlafcsd based on both egg riijituser

(kilogren^ feed per dozen eggs) as well as w^bb

Ckilogran^niS feed JciXagransris eggK

The layer hous^ mortality 4uring tiie cxtasriimotal period

•was rec5ordc!«3 for assessisig the livabiiity of each treatmp-ot

ffpup.

-<
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Buritig last three ecjnsecutiw aayg o£ ^acih ao-da^r

period, four eggs £&om each treatment tifere at random

every day for egg quality stadiea# Txi^y tiiere m^rksd#

individuality and atored in a refrie3@3fator, for

internal quality studies on the next day* 'ni© l^gigh^ ana

of alburn, hcjiglit and diarneter of yolk and shell

fchlckness were recordsdi# F^O0i these <3at,a albumen iini.dex#

yolk inde2« and Haugh tanit ti?Qire calculated as per ys!3^

prodGdure (Anon, 1975). breajttng op^is the eggs ior

quality evaluation tlie io<2i<!enqe o£ blood spot and R«Bt

spot, if any, waa also recerciea#.

At the end of the <sHperSmentBl period, foudr birdg from

eacti ^onp w^re chosen at f©;? eatimatloR of total

aera"^ lipi<3s, serurn inorganic, pliospiioriie and total 3®rum

protein, albufnen aa<3 A:^ ratio*' For the estimation of

blood paramstere bioca was collected frcm? the bracshiai vela*

Total serum lipid was estiriisted according tQ msthad

.-••described by Jo®yln (197o),*. "'-Phe ^stiji^atiosi ©is eernfn

inorganic phosphorus wag done by tli« raetHod oi Fiske and

Sufcbarow C1925>* Biurat method (OornQll et 1949)

was employed for the deterriiination o£ total serum protein

albisnen and based on ths aSsov® A?<3 ratio was calculated,

Hie hasR^globiii of the esiperlmsntel birds wag estinvatt^d

Ifour birds £rom eaeh trsatnient) employing- the traaitional
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aeid haematirj mtho6 ming sahXl*® haemGglobincmeter* Ttie

vaiuG'ffi were corr^ctsd by xisimg thi? following'eorreetion

factor as recortrnjended: Rao <1981)«.

Sahli% valu0 4- 1,57
Corrected hfflemt2ig2.obin value %3

o*m

ithylene diarsiirje tirtra aqetate CfidT?^) x«jas used as tho

coagulant. T?ie packed goII volume was also measured

«2€3ntrifuging a sarnpie o£ bloo^ i250Q 2s; g €or 30 rain) and •

calculating the per Gfint• o(Zcnrji^6 by tlie packcd red,

mils VMntroln, 3.961) ♦ .

During tm last day of the twelSth# 23«^ay x^s-IchS, one

bird fraT! each treatment v;as selscted at rond'om for carcass

analysis etudies* The birds fasted for six hoisrs anci

Uilimcl by cervical diaioc^tion, The procedi^ire outlined by

Mohan et al« (1977) Mas enwioyed• for the prepeiration of

earcass for cheinical analysis;« Tlie carcass X'las Is^to. a

homogenised material, and an aliquot was used for estimating

moisture content-, Tn& reiji^irjlng portion vjac dried arid finel'/

ground ano used for sstimation of proximate principles as .per

(1970).

Dvaring slaughter of birds for Gdrcaas analysis stisdies#

one piece of liver frorn <5ash bird v#qs saved, marked and

aealed irj polythene bag and was stored in deep Sresser for
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subssguenfe of protein ana iipias^ "The liver

0-aRf>lee were thswed, dried mS finely ground before

analsrais# Estin^tiofi of protein and ether esctracfeivee of

fche liver san^les t-isre ^aae stT^ioying the trocedure

deecribed in A.»o.A«G« (1970)»

IDurlng th® lagt phase o£ the e^n&riment, e^adreta

collection was made. fiDr 24 !i©ur^ £or nitrc5g«sn balance

stuaise frcxn fwo cages £ram each fereatmsnt# The arc^pings

wsre weighed and a sample was taken for f??oi3tu£"€ determina

tion* balatice- quantit^r w&s placed in a polythene bag,'

seaitsa ana kept In a aeep frs,eser for nitrogen dettermination

this procedure was repe^tsd.# Hli>€ birds in thr©© cages W€rQ

Icept wiU^ut any feed for two days for e^timatii^g tfte

•endogenous nitrogeim loss. Uaiag the €ata on nitrGgen content

of art®pinga, feed asuS egg.# €®«<3 intake, e<30 prc5<3uction and

e.ndogenoi;^ nitrogen loss^ the nitTogen balan.i2e was

cisleulated.

Hie data eollecfeed wrc isabjected to .statistical

•analysis (Snicdecor and Cochr&n, 1967)»



A i

1*^ Pereentage Gosipositlon of e-KpsrlfHsntal diets*

Ingre^Sients
Emrgy 2400 Kcal Me/kg 2500 Bteal f^EJ/kg

Protein (%) 14 16 %-B' 20. 14 16 18. •

Grsi&ffiidaut oil csic© ?*.oo 12*00 17*00 22 *00 7..00 12*00 17*00 .22*00

Yellm mlze 49*00 4S,Q0 40»5D 36*09 53* SO 49.50 4S«oa' 40.*.50

wish meal 8*.&3. 8.00 3*00 8*,0O 8.00 s.oo 3*00 3«00

Ritse bran 32»QO 31 .GO 3D«5Q 30,00 27* SO 26* SO 26.00 2S*50

Shell Rieal 2*00 2-00 s*oo 2.00 2*00 2*00 2^00 2.*00

Mneral sMsst-ora- l-*75 1*7S 1*75 1*.7S 1*75 1*.7S 1*75 1*75

salt 0*2S 0*25 Om25 0*2S 0*25 0*2S 0*-25 0,-2Sg

Rovimix (g) 25 25 2S 2S 2& 2S 2S 2S

^Idv,- B2(g) 100 too im 100 IDO loo' lao loo

Aiial-ygiga Valtie'

Energy E^/kg)

Pro.tela (S4J

2409 2422 2414 240?

14»20 ia.l7 18*14 2a.*10

2S03 3512 2520 25QB-

14*13 18^t© 20:»1S

Cofttd.

•o
-4
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Table 1» Conta,

Ingredients Ssigrov

Protein (%)

Groundnut oil cake

Yelic»? maize

Fiah fTseal

Hice: brajra.

Shell meal

fsdxti:^©

salt.

^OVJiTtiX
•Liv. 52 (g)

'2 3 <g)

Analysed .V^lug;

Energy (Keal m./kg)

Protein

A A

14

2600 teal MS/ka
16 18 20 14

2700.Kcal MS/kO
16 IS 20

7..00 12.00 17..00 22.00 7»00 12*00 17.00 22.00

58 ..OO

8^.00

23.00

2.ao.

1.7S

0>3S

25

loo

54 .'30'

a.cso

22.'DO

2.00

1.75

0..2S

25

10©

49.50

0..00

21:*50

2.00

1475

0*25

as

loo

45.QD

S.OO

21.00

2.00

1*75

0.25

25

loo

260S 2621 2628 2625

14.26 16.12 IB.20 30*16

62..:5D

8..00

13.50

2.00

1.7S

0-^.25

25

IGSO

58.SO

8.00

17.So

2*00

1,75

0.'25

2S

loo

54.00

8.00

17.OO

2:«C>D

1.75

0.25

25

100'

49.SO

8.00

16.SO

2.00

1.7S

0.25

• 25

lOQ

2718 2724 2711 27o5

14.23 1<S,17 18.24 20.19

1. (Ariss Agro-Vet industries Private Ltd.) cont©ine«3: ^/alclt^m (Min) - 32„oo%,
pjjosphorus (mn) - 6.oo?$, Copmr (f-!in)-loo ppm. Cobalt CMin>-60 ppn, l-langaneae Cf-lin}-
2100 ppRi, Xoaine - 100 ppra* Sine - 2600 ppm# Iron « 0.11^ and i-^agneslai! ^ IQOO

2.m Hovimix (Roche Products Ltd-.) contained vitamins and 0^ at levois of
40,000 iwu.*, 20 'tng and S,000 p«r g, respectively.

3. 52 pciv/der {%e Hirrialayan Drug Co«>.

{»
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mBmrs

A- 4 X 4 factorial experiment with different dietarvi

levele of protein eiid en«rgi/|. m outlined In the mterl^i^

and was CJondue-ted: tQ. deolpiher variation^ If anyv

la the tequitmmnt of eRcrg? ana protein for layer© housed

In cage** The results obtained are presented in this

.chapter# !

The Rjean minimum and mssclmiim teRsperature jae well as;

relative hufuldlty (montiwle©)' frora ©ctober 1933 to hagmt

19S4 (perlesd of e:Hj>«rlment) of tm eawpus where the '•

e3gperlf(5entafcion was imaertaiten Isi: de|»ieted in taible 2., !

T^le 2« Ifean montMy temperature ana relative humidity
during tlie perioa &£ ej^^^ifnent* ;'

MDQth l^mtjeratiire (<'Ci Relativ®!
i^ssimiKi rnniHttim humidity

. i

Octoi^r *03 31*8 23.2 ao.9

Kovomber *03 31,0 7sa
Pecenfeer *83 30»2 - 23».7 70.7

January *S4 31«6 52*7 64.3 i

February '84 33*9 24»1 6B»0
Msrcn *84 U*B 24 #0 71.0 i'
hpell *84 33#9 .23.9 7S,3 :
my •*84 34#8 2S*8 71.9

iTime *B4 m^6 23*1 89-.0

oriiiy *84 2B.a .23.0 03.0 ^
^!S3®Ullt *84 2^*0 2-3.p 96*2
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PROBUCTIOC^ PARA.M15TSRS

Body w«ighfc gain

Th€ gain in fecdy weight of the birds fed varying

aiotary levfjls of anergy bu^ protein .(Tabie 3) showed a

nmBricQl iiKsraas,® as th€ Isvel C5f these two nutrients

x^mre increased. .H<5wever# the ststistiqai analysis of th©

data psresentsd in 'table 4 jreveaie^ -that tiie magnitu«!« oS

difference observed in aaae was not significants

It cpuXd ®2,ao l3«' s.eem fre?® the anslFSis o£ variance table

(Table 4) that there was n© interaction effecto ' Of the

various coa^ainations of energy and protein# the lowest

gain, in weight of 149«38 g was oliserved in 14?a700

comMnation atid the highest gain o£ 497,5 g £or 1'3.j27cx>

proteln-^nergv' ccaobination* Ths inifeisl and final hody

v^eight of the e^jperirnental birds is jsl-iox^n in ^ppenaia !•

Tabl<a 3, Body weight gain of lasers fed varying levels .o£:
protein and energy (g)*

••• Snerav .(Kcal €?let.)JToteinfe) 1353 --^15^ Mean

14 281.S2 347,78 325«So • 149,38 2B1,0S

16 286.67 316,43 441*11 428,33 379,35

18 235.S3 361.67 342,27 497.50 357,22

20 333*33 336^67 337,92 467,50 369,00

Mean

•tijc3ci5?5 .'!5(rs3«:sessjcta

29S,33

SS5aSE?3e53ESEtai3«5fSS52:

342,06 359,21

2rW3e!K2S«S322KS5a5

305,15 •
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Table 4, Analysis of variance of feo^ weight gain of lasers
fed varying levels of proteift arK3 energs^.

Source

Protein

BnerOi?

interaction

Brrpr

Total,

3

3

9

129

144

SiSS3ia=I32ESS;KliSSS=S?5S3£3!3asE

HS « Non significant

MSS

144S69,05

119373•71

30635«6S

59719.41

2*43 m

2.-01 ns

o»si m

Egg prodisction

^93 produetion of th€ e^^perimeRtai Mr^s over a p^rio^S

o£ 121 29-day periods oalctiiafeed as per aenfe hen-B-day egg

prodiKition is pres<snfe€6 in table S and the statistical

anaii^aia thereto in table 6. If energy level alon<s is

considered, the l€f.-;sst egg production of 65.75 per cent waij.

©baervea among birds £ed a diet contair^ing 2700 Kcal m pet

kg ©nd ths highest of 67*15 per esnt £or tUs diet containisig

2600 J^al ME per kg. Idfeet-fise^ v^eri' prote.ln alone Xb

considered the Icwest rat® of SS.4S per csut pro^ijotion was

obsQ3?V€{3 in those birds Sed 14 per cent protein, whil© the
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J

-i Mgheat mine of -per G€!at ma otosei?ved in tlT« group

13 per cent protein dl«t (Fig. l)> it eo^ld be -MfR':

frcacn the analysi* of varianoe aat-a (Table €} th«t the 1

<li£fer«mjes ofeB«i?"v«a In per cent «gg production '

aaoag various aietary «si@rw Xev«i^ efflployed were not li

•^tetistleally Mgnificaist, ••wherisaia the aiffer«nc€s db««rlfed
arnoag tM pr^Jtiiin Isvels were statistically significant |

(g/O^oD^ Bg§ proat«ti0n was significantly lower among

• birds f«a a ai«t e^antaining 14 per mnt protein while it

wae si^ifieantlv 'ftigh«r £m the birda^ ied a ai«5t

containing |8 per eent pirot^in* However# the em prodoation .

obtoiinea from birds fe4' 16 per cent ©n«3- 20 'p@t cent W€?re i;

not etatistleally aij^fei^nt* MJ®6Wi«e,,, those hmfmm IS i|

and- 20 p«r cent mmm also- not significant* ' Statistical i

anaifsi® of the egg production date almo revealed tuat |i

there was n© interaetion €#f«cft betvmen protein ©na «n«rgy»
!t

tn aa much ae the perioa of e?j^rim«ntation Xaat«ia

ab0ufc «l6V€n months the- possible inflisftnce g£ season over"!;

<3gg production and interaction lefSectg! with sisaeon waa

stxidied.* The data wliea elaesiiiea •-according to the four !•
li .

seasons prevalent'in Kerala showed sta<tl,Kticaily significant
II

' <1

differeneis Cl»2^«ol j in hen-da^ e.g^ production among the four
^ • • 'i •

.seasons' <^3bl© 6U- It was ais®'obscrv^a that the' intsrection

<§ffect iietween an^ season was not «ignlfleant x-^htrias
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table S* P«r mnt hen-^my egg prodmtion of layera 5«d
vsrjflrjfj leveie of protein and energy.

Proteini%) SfierciY (Kcal. ms/ka dipfci
Mean2400 asoo 2600 2700

14 64^03 56.50 58,20 55.21

•»«« M»c»mawM««a«MW

58.43^
16 67.82 66^43 6S.S1 6S#3S 66.28^^
m 71,44 71.49 70.SO 70.89 71.15®
20 63.18 71^92 74.D-S 71.53 70.18 '̂'̂

f^fean 66.62 66.59 67as •65.75

2-s:52Ss:xasKia52sa5rs33:£SS3tJ2»S5Ts:.S!:

Values bearing th® sarrje siiperscript ao not differ slcmi"
ficantly.

Critical difference

Protein « 5.13

Season - 3.19

p)Season Protein -6,3

Table 6» Analysis- of varieriQ.« o£ per cent hen^day egg pr^u.
cticn of layers fs<3 varying ic-vela oS protein' aind
energy.

Souj^ce a£

Protein 3

Energy x Protein 9

Energy/ . 3

Error h 48

Season x Proteio 9

'Season --5? 'Energy 9

seamn 3

Xnteraetion 27

Error B ±44

STsass^ssoes^

^ Significant at B% lewl
Significant at 1% level

tWs Mon SignifiGant

2122*11

204,14

21,46

200,-50

199*51

61.i33

2342.22

So.67

84.08

3wts».K»s:aK=»!ac>«as!isiiSKJE3SJ!s;stra!ape»sa

F

10.13*'-*

0.98 m

0.10 ws

2.35*

0,12 .WjS

27.59'*'^'

0.60 :N'S
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that betX'seen protein season was signlfSeaot CP/d»Q5)-.

On further analysis It i^as revealed that diiring warm

and- warm dry periods -a dietar;^ protein level of 19 per

sent resulted In optimisB eg^ prod^uetion, while 16 i-^r

ceiit di<5tar7 p^otQin would be sufficisnt duriR'3 hot dry

and coid wet seasons.

It could also be seen f.j?om the data on. egg prcKSuction

categorised based on s^gas.orss/ that ths ma-x'imuns hen-»<3ay egg

prodi^tioTi of 73m.BZ per cent was obtained during i^^arm iSrj'-

periad^ Bg-g produetion d\iring hot dry# cold wet and vsam.

^vet seaeefis w-ire 6S#25, 64 #22 and S9»69 p«r cedt, respect-

ivelf* The statistical anQiysi® of the oeano revealed

that the efjg production v/ag sigiiifiesntly highast during

ths warm dry perioiS and the lowest during warm wet period.

Tiie egg production diirifig the othsit two seasons was intar-

n^ediate <sv«nthougli production tvas signlfieatitiy higher

•dwring hot <3ry ^•^hers corsipairsd to cold t«7®t season

(App^ndisc XI arid ill),#

FiSed intake

Data on mean daily feed intake of birds fed varying

levels of protein end energy is givcETi in table 7, The

raoge of tw-Bn daily feed intake per bird varied from

99..7? g to 120 ••96 g. the <a0ta nex'e. su3i>jcote<3 ta
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statistical analysis, tlM magnitude di£fer<?rKJe in daily

fffied intaKe per bird among various protein levels ar -

afyjong energy level® was not foti«<3 to be different (Table 8)«

Jlbv?evei> the dsiiy £«ed intaT:« per bird betweefi various

seaaorjs statistically signifiqant «3iffej:eac€S

i^Pisendix IV" and V), It was sigrsifiisantlf lcRi?er ior th®'

warm vet season (lao,3D g> and aicm-ificas^tly higher for the

cold wet season m9»84 g). Tlie differ snces in feed

consumption cliuring warn dry and hot ary seasons i^cre not

statistically sigisificant eventhough thess were sigjiifi-

cantly higher than the warm wet season*

Table im Hsan daily intake par bird £ed varying l«i/0is
ot protgin ana energy Cg)<.

-y

fo/s Energy (la^al m/kQ dietr. .Protean (.>) 24^r ^25oo 26Q0 2700

,14 120.32 108,52 99,77 .100,26 107.22

U> ' 104»77 105..S3 114»74 109•SB 10B*6S

18 a16#78 ,113,22 J1S,69 103,52 113,S5

20 iia»06 1.20«-96 ai3*.9e 116,09 US,77

113,48 112,05 111,04 lOS.81

ggit.lcal difgegianiae-

Season - 3«33

!issj=rts::
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Table 8, Analysis of varlanac. of feisd intake per bird per
day ted varying levels of .protein ana energy.^' •

Souirctt m ms

•«»WMOW

F

Protein 3 :l03©»,as 1,92 NS

Bn^rgy a? Protain 9 664,So i«22 m

Energy 3 270#00 0*30 l^s

Error ^• 4S S41.,72

•Season x Proteiirs 9 2i7*25 i»7o m

Season x Energy . 9 157.92 1*29 H55

Season • 3 4257<.i7 34*89

Interaction .21 12&,56 1#06 NS

Error B 144 122^04 -

3:3a-r3=3»,!Si£=tES!=-S?~S3SGaSS

** SigMSieant at .1% Xsvel.^,

HS-NdS Gignirlcant

Feisd psr dosen sggs

" Feed per aosen sga® is ene oi! the paradetera which

inaicates the efficiency -of a ration as well as the bioio*

gicaJ. efficiencf o£ the foird® 'aerefors a eriticai

©valuation of tmn ratio will enliQ?iteFi the eaooocnic^ supcrlo-
)

rity or otherwise.^ ^he data calealated for feed .per doisen

egcs for th« varying coniblnati^e of onergj? and. protein



er!5>ioyed- in the study is S6t out In table .atatiaifeieel

^aiysis s£ tfMi daiia p«^€»«nfe«<3 .in tabl,« M revealed that!' the
• • li

invel q£ protiin the di«it aa' iiMsli as th^i season • [

irifXiie.nc«ffl-tite feta eSfiaiency* whsr^aa. the. level o£ energy

does not «5eero to affect the seed «£flelency at tlie l€V«l^

t.@st©a# set was also r^veal^d' that tliere i«- no interaction

©ff^ct either between energy and prc^ein nor between seadcxi
]i

an^ nutrienta.#

• • ' . • 1
The lowest ratio of- l#.f4 wsiei obtained with a di^t i,

eontainin^' IB per -aent protein# x^Mie the highest ratio oC

2.*36 %mB obtained with 'tSiet containing 14 ptr cent !•
1

•prot«i,n (Fig# 2)» the aiffertincts- c^servea in ths jratio^

-( anK>n§ 16, 18, and 20 .psr cent dietary protein levels were 'inot
• - ii

atatietically significant* M?s«-wiae<. tne dif£erenc.€::

obtained betiv'®en 14 and p«r cant was also not aignificant,
I'l

tlie. fetd per dozen eggs -wag calcjnla-ted based on

seasons i^pmn'^lx an«3 VII) it ws observed, that the Im-fest

ratio (i«89) was obtained ic«r the mtm dry ecajson and th®,

highent •£&ti6 (2«41) £or ti^ «:oia w«t eeaaon.* *Fhe differince
i|

in ratios observed h&tm&n warm <3ry end hot ary <1*98) 8«aeon«

'm&.B not statistieally- siepificant*. J:4!fe€v;l6Q',' that between
|i

hcit dry and warm wet (2*14) was also not significant# ii
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Table 9^ Feea per dosen eggs ctf layers fed varying levels
a£ protein and energy Ckg)»

Protein Energy (Ifeal m/ka diet) Mean
2400 2500 26.00 2700

14

16 •

2m21

2.04

2.82

2.«0&

2*08

2*17

2.32

2.1S

2*36^
2*10^

18 2*00 1.93 i,9B 1*87 1*94^
20 2*17 2*05 1.87 1*97 2.01®

!4ean

5SI=33«tS3SiSSESRSIS

,2»13 2* 2a 2*03

L^S^^a:^255S£:?t3S5ai5iiS

2*05

sissaaass•rtisr»a6i-s=s-ista'

Values bearing aame Bupereeript do not 6i££<sr
oantly»

Critical .difference

Protein • « o®26 Season -»

Table 10^ ^nalyais of variam:e cfS £€©(3 pex" dosen eggo of
layers fea varying levels of protein anx3 energy.

Source af

Protein 3

Energy x Protein 9

m^rgy 3

Error A 48

Season j; Protein 9

Season X f^mrgy 9

Season 3

Sateraction • 27

Brros' B 144

•'A

^•#r

Signifleant, at m level*
Bigni£icasit at level*

MS -f-losi sivgnificant#

MSS

2.12

0»S3

0,47

0*| 54

o^ss

0*51

3*31

0.^35

0,43

2S33QK2;2£i:2;=:

3,95 ^

0',93 m

0*B1 NS

i«.36 MS

1.20

7*77

0.63 NS

siMta
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Pia.2» FEEB COMVERSION EFFICIENCY OF LAYERS FED
VARYING DIETARY PROTEIN LEVELS
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per kilograntas egg

inSorfnation on the effielemey of f«0d to .produce

unit wsiglit oM a is another nieasur® to indicate

the ^fficiensy the feed as -woli as tlw bird, Tlw

iiicreaeed eonsciottsnsss for eggs with higher weight than

nisnber n.«cesaitat^6 that effiGiency .n^'aaured in terms

of" both fiiimbsr arsi weight. T-htis t^s(3 produetiVG effieicno^

iB to fe® decided based on the ccMiisarison of efficicney &i

production both in nxmiMr amd w^sight of the product.

The f6€d required to j:^053uc!€ one 'kilogmmn o.£ egg

pf€ssntea in tabli^ 11 indicated t;hat protein conterst .of

feM diet influsnced this parameter, wMle th(5 energy

content did not show any sigMfieajfit Inilmnaem When the

data wss classified and analysed according to ©©aeon it
I

tv-as obSigrvea that the p3r kilograniaie o£ egg wa,@

influencssd by the seasoft too«- H{y.?ev€r.^ specific energy-

protein coniifoinaticjns or specific season-ntitrient coR^^ina.^

tions exerted no irifluaiicffi on tnis parameter.

The msan 'values pm9e-nt&6 iif? tafele 11 and the statist®

tieal analysis of the data preaeifited ±n talale 1^? rsvealed

that the Iciest ratio of 3-«©0 was obtained I'iltn a aiet

containing 13 per cent protein, while the hig^^sr ratio of

3,74 vaa obtained with a dietary protein i.fivel o£ 14
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' Table Feed p^r Icilpgraw??© o£ agg of ia-zeris varying
\ iei/els oi -protein and energy ikg)*

m Heani:fj:ocexn \^->f '>SiFv^ '7*^1^,'% oir^n
2400 2500
• •I— —'<11111 ifwTgariiiMiiiii-itiin i>imiri ni ••|"i

260Q 2700

3.-59 4.42 3.28 ,3#68

3.19 3.34 3,33 3.32

3.11 3..,07 3.15 3.00

3.40 3.19 2,-91 3-#lO

3*32 3.48 3.17 3.2s

14 3*.59 4.42 3..2S ,3#68 3.74^
•16 3.19 3.34 3,33. 3.32 3,.27^
18 3.11 3..,07 3,15 3*00 3.03^
20 3.40 3.19 2,-91 3*10 3.1S®

!%an

'V^aluea bearing tiis stipersciript do not: differ eigniifi-
caoti^?.

Gritical di££egen.c«

•Protein - 0#40 Season - 0.3S

y Tabl« 12. i^nalyais o£ variaixse of feed tser MlograrfeT®- of egg
^ d£ layer® fed varying levels of protein and c^nergy*

Souree

!1
i

t

1

i

1

•i

ms P

Protein 3 S.-72 ' 4,44

snergy x Proteiri 9 las 0.89;hs

Energy 3- l^OS 0.84 SiS

Error- • 4S 1*29

Season X Erotein 9 U4l 1.39 KS

^ason K Energy 9 1.35 1.34 't?S

vSeason 3 6.40 6.32

Interaetion a? ©«89 O.OQ m

Error B %u i.oi

i^x;^s«£!3S=ffl5^n$=it»i3:32ts;ss«K:=:=?^sdsssrBeK^»53iiia:=3Stti3S?eS2::^a=ssisra=rat3iS35s:=3-=s=:z3=$:

Significant at IM i«vel»

NS » Kon signifiQant..
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INijr sent, .TJie ©bsfrved' aaionf aiefcary levels ||©f
le# is ana 20 p9^ mtit protein was -not. fstatittieally' .«igrid-
ficant. ji

i;'
Wmn the data viere analysed- baae?^ on the ssaeoas it i

i

was r«v«i&lea ttm l0W«at rati^ c£ 3*02 vas. obtaifiea i;

a«ring the wasi^ diy period, whsjmag ths: highest jratio ^

3,S9 was obtained <3ujri«g coi^ wet season (^^^ppeeaisc vxii ainia
il

XX). BQW«ver, tM aif£ereRe®s in iE«ed efficiently calculated
jl

as- feed kiiograinwi <?£ egg bafeween warn dry -and hot dr'r

{3»0S) seagoa mm not 8feati®ti<s«il:? si^ifieafit^. SimiXarly,

the aifffereno^a hitmen. aoM mt am warm wat (3..SS) if«aa^

wsife also Rot is-ignifie-aftt#' '!
I

!;
'I

EOS QmmTt

i;
Egg wight,_ j,

•• • !•

fh0 rtiea^ egn. weigftt-a obtained frsHti the hiie€0 -ftd' |:

different dietai^ ^otein and emrgy lewis is p?e&mte(S in

t^bl<g 13' and tHif co,mi«et«a statisstieai anaijr^i^ in t»bl« 14.

The ovarall.egg- weight irrespective' the ps-otein ItVel or
•

(snergy level setms' to he ir«asQnfibl«*, '•Wtwii em weight iis- !
jl

classified acdor^aing to the dietarj? protein lev^l®, it

•found that the hiah^st 'Weight o£ S4-*66 Q'm® obtain««S at i-6
ii

peiT caot protein •level and the to«sf ©f S3*3D-g with 14 j;

per esnt protein leVel# The' statietical ajsalyisia o£ the data

. , , . i.
;i
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ir«yeaX$d that th® egg might hetmen proteMn laveZa 14 adsS
i!

is |5€ir cent 1® hc^wsgenc^us' m& th&t b&tmm IB and 20 ,p«3f ii
I,

ecnt i«. ai^. iiomoQ«noa»*- idkewim., tSse e^g wei^Ht date

analjfsed in relation to th« fsnei^gy content €>£ tha di^t,
it was ol^aerw'ed tiiast Mraa fed a <3iet eontalning 3700 KesJl

HE per kg laid eggs with l<3Wtta:t sgg w<iiglit (S3.»23 g)# ' ];

whereas the bi£a.s, £ed a diet contaiairig- 2400 Kpal ® per kg

laid eggsi with high<S8t (54«29 g>« 'Hie 6tatitftical|

anaiy^i* of the data revealed' that tf^ egg wsiglit obtaine'^

frm Mrds £ed' di€t containing. energy isvel csf 24oo and j;
2600 Ksal HE per kg iifer® not ifignifieantly different» 'I

- • ' li
thait 25oo and 2700 lOsai MH per kg wer« I'

I;

also not signific^t- i;
ji

• The statisticai emiysis. gtarther revealed thg existeneft

of & jiignificant dif.€«rt@n<?€S' in an interaction between ]•

IsFotein and.€n«3rgy» ^ examination Wms data in tlie light

of this indicatfid tuat thS' hi^iesfe- egg ti?«ight obtained vji|h
a dietary prot«in»»en«r§F ct3^ination.,oe 18ta4oo^ 16i26oo ana

'16i27CO are iKsmoNgenous* ^The mean egg %f«i^lit o£ birds \

infXyenccd by period# dietary protain and energy is Bhami

in a|5pendix j.
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Table 13» i«Ssan egg velght &£ layers fed wsyirjg levels of
protein and enesrciy {g).

^otein f-an^otGxn 2700

14 54,48 53.30 S4*19 51as S3. 30

16 54*03 S3«49 55^63' S5,46 54»66®
18 ,54 .©7 53*39 S3»03 • S2,7S 53,sr^
20 53.^/9 54,31 54as 53,53 53*96^

' 4^an B4»29^ 53*64® S4,26^ 53,23®
•UMf -~»».-v-i -

Values bearirsg tlw sarne
cantij*

superscript do not differ oinnifi-^

Critical difference

Period - 0,81 Enercjy - 0,47

Protein « 0.47 Protein 2c Kneryy - 0,94

Table 14* Analysis of variance of egg. wslght of layero fed
varying i«vel.a oi protein m(3 ©n^rgy#

Source d£ mB

HM m 4^ tl# «

IP

*w

I?(2ricd li 1396»23 84.7S iSf^!

Protein 3 20^3.17 12*70

Pcsriod X Protein 33 13.23 1.11 NS

Energy 3 151.00 9.17 Ai?/

IPeriod X Energy 33 IS #33 ' 1.14 KS

Protein 3c Energy 9 162,11- 9.84
-'l

^riod X Protein x Emrgy 99 19.96 i..ai

Error 2112 16,47

Total 2303

** significant at 1% levels

HS« f?on signifidsirit,
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y

Biwii thicJmesai ;
1

The thl,c)m«sss ai tlie eg§« proauce.a tm. birds

ltd'• different aiefcasfy regimsn la preaented i;n table |5 airtia

tlie analysis c€ variance in table 16* ef£e<st of

piroteln ana on ©lie11 resojirded perlodwis®.

4« preagnted in ftppendlK The mm shell'tMc^«8»'ofi
«.U th« eggs examinea vas 0..33a ram#. ' -Mhen tlie ehell ,

thlcJmeee data t^ere analjfsea. in relation to •the pcottin ,

'eoat«nt of the diet, it was found that the ©g.ge laid by

mm fed a dietary |>rotein lev<il of 14 pec cent had the

thickest shell (o#33? fits?) While that stained from those :

tea IS per eent protein diet had conisarativ^sly thinner

shells <0*326 ram:)* When the ttjagnltuae of dlf:e«remje was i'

testea atatietically it was revealea that the tliiclmefis ot
1_

shell of eggs ofotsinea .from birao fed aietary .garoteln level

/pf 14 isna 16 p«r eefit ana 1,6 and 20 .per oent were not,^ ,

significant* . ' . - I

Khen th€' rel3tloneht|> Mtween energy Ifvel and 3hell,|

thieliiieBS was <5©nsi«Sisr0d the egga obtained frc«n' birdS'- fed'i

; eontaining 2650 K&al m ,per kg had qoi^ativeljr' |' .

thicker shells (0«335 m} and that obtained £rom birds fed

dist containing 2S00 per Itg h^d thinner shells '

<0:»33i rnmj» statlstiaal anaiysis revealed that the

aiJlferances in shell thiakne^a ofeaerwd amesng varioxie energy

levels wer^ not signifioantly different#
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m

TshX'S IS* Mgari shell ©£' J^ai^ere :0<bc5 Varying level,®
o.€ protein and energy (irmh

Protein
ja^Ki

2400 25-00 2600 2700
ffears

1.4 0#33S 0*3.41 0.33f G*332 0.337^
16 Q.32S D»337 0..33S 0*340 0,333^
IS o^*$m 0»32S 0«326 0>326 0,336^-
20 0>33S 0,^322 0,337 0,332 0. 332^^

Op332 0.331 ©•335 0».333

^5tsc3^::c^::37r?r::tM:£2rr5232i£3-t:ie:S" 5S2K:5rr£3tsr3rs:r5:3i3K.Si?tiS33.«j^sr£S23;^;:r3t2?=ir:2C3s;5C:£3s22sr3r;r5;;:ai3iatS55

Values feearlti<i Um same superscript do not differ sionifl-
cantly.

Critical <aifferigi:jce

.Period «. Oe0O57 E^-otein x Hnargy o.0.565

Protein • - 0*ciO32

Table 16, ^.nai;^sia o£ variance o£ shell thickness o£- layers
fed V9r.yin:g levels of protein and en«rgy,.

Soi^rae a£ ms F

M«R3!!«WUI* «W Mk'MM W(WlliW«H Mr«i* wi ^ ^ «n

Period 11 ©♦03d6 3?.St *"

Ki-ot-ein 3 0«0l2S 15«T1

i^X'iod X 'Psot^sin 33 O.OOlO 1^23 HS

Bnerr^y 3 OiOOll 1.3$ WS

Period X Bnergy 33 o«oorj4 O.Sa

Protein 3c Snsrgy 9 0,0047 5.35

Perlsx5 ,x Protein x Eiierg-^ 99 •0»0'306 0.B3 MS

Error 2112

fdtal

w-TwiLw-.

2303

ErK2r?~'»cii:ri2:5K3

S±gnif±ca.nt at

SS- !-ion signiSiaants

levrtl.
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Table 17» l^rni Haugli unit gcore o£ Im/em f«<3 varying i^veio
of protein and enerOF®

motGin
2400

ziMy

2S60
t-TO/ Ji.vi U .s.

2600 2750
mm

14 S3*08 ea«SB 3S.0O •82.# 35 8:3<•27^
IS 83 •oo 81.OS 81,^97 83.28 82,.33^
10 81*13 • 77^15 79*44 80.42 79.

20 80*38 77^74 7.9,42 76. 23 7B,,44'̂ -

Mean Bl ,.89'̂ 79.6# ai.46^ 80...S7®^
*r3t3Cja5t5E5iISSS!EritS®5:SC2

•y^aime bearing the sa.me m^peraarlpt do not differ aigniii*'
cantiy•

CrlticaX.di££er€noa •

Period « 1..SS Energy - 0*91 •

iProt-ein ». 0-.9X motein- sc i^nergy - 1<.83

Table ISi Analysis of vasriariCG. of Haugh unit sdore of
lavers £^6 varyln^i levels of'protein and s.nergy,

Source af ?4SS P

Ff'Sirioa' ii 4148 .,3q 66..1B

Psrotein 3 2939.00 47.66 **

Period >z PtotQin 33 92.55 1.32 MS

Energy 3 S67.67 9.05

Perid<3 k Bxies-gy 33 60.21 •0.96 US

Protsln X .Energy 9 233.00 3.72

P«.rioa X teoteifi x Energy 99 52.38 0.84 NS

Error 21X2 63.71

%tal 2303

wasrSJSE^ssraactataiscjassxSaESEisssejEscsstsaoEsjEisnEascssisi^

** Signifieant at m level,

M.S-. rJfsn signifieaat,.
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•Ki# Haugi? unit fitcsste for -cstbtained from heisa f«<9

.atJ3 «a«]E*^ leyei oi 24oo eeif Hg. thm Mglieat J;

score (.Slf39) vrhii«. tTiafe- ^or'ZBoo Kcal, m per kg waa 79»^,fe

wMoh ufAS' icmeitir ^0 difference obtained ;•
!

•fe«twe«ft -ener^ l«ve.ii9' 0£ 2-^^ mdl 27oq an«3' that bstw^sn

2600- sti<a 2700 Bna feeti'msn 34^ aitd 2600- mm. ?K>fatatia- ;
, . _ • _ r

trieally «ignificarjfe» poseibj.® inflvsnpe'of peri^a on;

HaugJi tinit Bc&r€ as affected by variotis ai^feary prottin-

energy combination ia peesmt^d in appersdisc SttJ* j

•The prot«iB 5? emt'gy interadtlon wnioh revealed |

.statistical aiiilifiiGarK!® inaieat«g that a protein x e'mrgy
M

e^aftiinatlon of Mi'27oo and |4|2S©D .s<ssislt«d in eomparatively

better yjjit score than 0th«af9.

ii

Aibisfisft ir^€3t

iEidSK is» anotlier fJieasure o£ th« internal, sgg i-

quality o£ eggs similar to Haugh unit score* alfevimen
, I

iRsatx of ths e^a rec<5iv®{3 £rom Xay&m tfarying l€veli

M ^proteiiS' and emirgy' W0r^ cmputsd and ar© j^esfntcd' in i'

-tafel® 19 ena statistical anal^rsis tfiereto in .table 26 »• ''
. ^ r

2s?r«iS|je;Ctive of the' oonsiaeration €^n«rgs^ l^Veis, i^fhen i

ppcstein levels alone -are s^onsi^^eresd#. the fflsan a21>iimeii inde'sc
I

Sdors ran^ea from O.Q84 to 0«d93# the fqrrtser b«i«g the .

Iciiwaet rtpresenfcing 20 p^r e@nt pcoteifs m<S- the latter thci'
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highest, iriipfeafntiog 14 per eent. protclU' ^iet. 'fiw oY«r«^12.

tmtxd indicated as isiveifE€ •r«XstionsMp between aiburritn !•
f

indtex ain3 pr&tein •petGmmmje tXn a.iet.* Statistical !,
'I.

analysis also ttsis tsr^na,
1

the m£'£mt ©f <grJS3rfy X«vel in the ai«t on albtm^n
indesc ms.eonaidaJfea witlibwt eoncirn t© |>srot«in level# tlip

• r^ge observed was tto^n to 0-»0i91» Hiere was no '

ii|>eeifiG tr«inS in relation ta energy, ^<s lomat aibusnen:

inde^i seor«' waa o».0B4 obiiijrvcd:- with a dietary' «ner0^ leve'l
I

o£ 2^ Kidal m p9V ??g ^HiicTs was significantly MtM.Qmnt r

^afow -the other eneargy Iwela# The higMs%' acor# o£ 0*O$1''

vrm dbmtm6 with an energy level of 24m and 2^00 -J^al ME'

p^r kg and' a r^diisn value of 0»O89 was observed witfi an- i

€n«rgy level cf 27oo Kteal per leg*, ec!wsv€i?> the nwserical

#i£f«i-e:n«^s •ob!S«rvcd- antotig tli€' above three levels of entrgy
V I

were not :ai9nificant 8tatl«ti<saliy# '
i'

The statiatlcal analysis of thie asta. flUfther revgalga

that significant aifterencse© «Klst among valaes ;C^tain«a J

for th« parameters afiiong the aiff«rent,period© "<Appcnaix i

. miiy, Furthsir, intaraction effteta between prsteih ^and

period and, heimem -protoin and &mrg^ w«re also ai^nific^t#

InorcJer to aeciip^esr the fe^iit cemibination oE ^ot«in and

energy for Qbtaiiiing optlfflai .all3tjm<sn index# th« i«ean value®
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TaiDjLe 19, fteaRi aiJswmn score of layers fed varying
levels or profeein ©fid ®Jiergy*

Protein {%)
Em.rciv .(,Ke©i f'ls mr kq.

ir;v»4| CM awrtnk»

<3i8t> ,

24©0 25^30 • 2600 2700 •

14 O.D93 0.089 0.090

16 0.090 ' O.OS5 0.095 G.IQO

13 O.O02 o.oai 0.03'S 0.007

20 0»Q91 0.#03© O.OS4 o.oso'

Maan 0.091^^ 0*03# 0.089^
SSSSKSCS:

Mean

0»093'

O.Ota®
O.OS'T '̂
0*034^

Vaiiies bearin.'3 tlie g.ai?s€ ajj^erscript cSo not differ slgnifi*''
cantly♦

Cgitioal di£fgr:erK;$

m^ioe ^ 0,0043 Snergy - cl«oo24
Protein 0.0024 Protein k Snargs' « o*oo49

Period K S^tein « O»0oa6

Table 2Q* i^naXvslB &f *ya3fiana« oi indes- score (s€
layers £sd varying levels 02 protein and erisrg^.

Source at MSS P

p^sriod n 0 e02S04 60,19

Protein 3 0.01114 23.92 SA-

Period X l^otein 33 0.0013S 2,59

•Energy 3 0.00795 17,07 4 A

Period x sner«3S' 33 0»0005B 1.26 !is

Protein 3£ Hnergy 9 0.0025)6 5.50 •jS-Jf

Period X Protiain x Energy 99 0.00046 3..01 MS

Brror 2112 0.00046

Total

S5SK:?=5W SSS2t^rW!^22rSSS2^®=3ZS

, 3303

iasKS=2=2ia£s!s=««-=23fa:»cs5acisra?s;s3i3e3C«sK3!^=

Significant at Xwsl*
MSwHon signi£i<sanfc*



\loi4i IQI

V" wer« seresned "emolcsying erltieal dlffeareoqe* xt r©vaale<3
I

that the 'protein-^riergy aoftfeiriGticsn o£ i6t26oo, 16s2700

apd 1482600 ware shox-m to he the ideal cadbinaiiipn for

©btainifit GptimtSRj aiburrjtn iftdex values tmd^r 'ttm conaitioiis

of the ejgperiment*

¥ol)c in^SQx

The resiilts g£ evaluaticsn o£ sfolk index of eggs

collected froB layers fed varying l<5Veis oi ^nerm

protein is pE€8ent§{3 in table 21 and its statistical

analysie in table 22* fhs analysis that the yolk

in<3€X i6/:infiu€rieea by jjerioS, |?rofeeln> energy, pesi&B k

protein, period sRejr^F# protein st energy and perioa x

protein 35 energy#

The infiusnee of protein on index indieatecl that

th^re is an inverse relationship beti^Tssn protein levels and

yolk index values# highcGt Co«4SS) wltH. 14 per cent

protein, lowest (Op44o) t^ith 26 psr ceiit -prsteiss ana the

other© iBterrafisaiary* nmrnm* the values obtained v^ith 14

g«r cent protein Isv^l ^as BlgniUcantly higher than tiios®

obtained with other protein levols. lii^ewis©, that obtained

with 18 and 20 per eent level of protein was significantly

lewer wherk coirgsarea to 14 aftci 16 psr csetit protein levels.
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'table 21* yolk o£ Myms VMrF^ni?. lewis of
protein end energy.

Proteia (H)

14

16

18

20

mm

. , Emafgy (Keal diet) ,
2400 2500 2600 2700

0*449

0*451

0*449

0*441

0#456

0,449

0.*4,23

0.44S

..ab
0^447 0*443

0»4S9

0»447-

0*449

0.439

0*443^

0*456

0^443

6 #447

0.437

«afo
0.447

s:&xs»i=;«S3':3»s3sats.cJC=st5SiSK*-

Mean

0»455^
.b

•04 449'
.a-

0*442
.•a

0«440'

Valueis ^Dearlng the san® siipersaript. So not differ sigrsifl^
oantiy#

Critical cjjfgerenee

c^riod - 0*0064 .Energy * 0*0037
Protein - ©•(5f>37 .l^erioa x Srsergv «• 0#0l30
•Period X Protein - o*mm mot^ln x Bn^rgs' o»oo74

Table 22* Analysis of variami® of yolk Index of layer© fea
varying levels qS protein aitd energy.

Source <3£ E^S P,

1

i

Period 11 0.04309 42»1S

l>rotGin 3 •0;«02©33 24*77

Period K Protein 33 0#0-0448 4.^9

snergv 3 0«003'2l 3*14 *

•BJerlod^ x Energy 33 0»C)0370 3,63 f}«

wmtein s£ •9 a ,00849 B»3©

Period 3c Protein k 99 G»0©S2S sa4 •(I'll

Error 2U2 ©*Q0102

'Total 2303

* Sigrsificant at 5% level*
** sigriificanfe ®t t% leml*

l«1S5SSS3=5£SS2«=SX2ST£SmtSS
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But the values, abtalned .^©r 16 per cegit; .'prpteia vyaa taignX'^

ficafitiy iS3t0tmediery*

The yolk index Vaiiiaa wh@n considered ont the l^aeigj of

anergy levels alone aid not reveal an^' specifi€? trend, The

highest value of o.«44S was ©fetained wifeB a diet eontainlng

aeoo Kbal m per "kg which was statiatloaliy similar to

those obtained witli a dicstary emtgf level o£ 2400 and

2700 Kical m per kcf* eimilarly, ths lowest value of 0*443

obtained with a dietary level of 2500 K<aal MS per leg was

atatisfeically mt £t:om fh& values obtaine^a witii

an amrgy level oS 2400 and 27oo Steal l-B psr Kg#

eombinatiori effect indicated that siegnifiaantly better

jolk index could bs obtaifiea 'with a protein, level of 14

p<gr cent and an snsrgy level of 25c50# 2600 or 27oo 3fe.al .MG

p^r "kg ai@t» oth&£ coiabiRatlon had significantly latter

values f<5r this parameter* The influem^ of .psriad oS yopz

index is set out in a-pp^fiaix

BtO(SmmCAh PAEAME^RS

Seriim lipi^

l?he iKflaesice o£ the different dlss.tar^? regiiaes employed

on the serum lipid o£ tlie layers is presented in table 23'

and the statistical, analyais thereto in table 24., It co«M

V
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-y' foe seen from the table that ths loweet serum ilpia lev^X

of 1.68 g per cent was obtaiiiea with a aiet o£ 20 pfir ceiit.

protein ana 2400 SSeal r® psr kg ©na th€ hiefa^Bt X€W:l of

2,*as g par Gcrit for a aist t^ith 2Q Gsnt protein and

27oo i^eal I® p^r isg* statistieai analysis of tlia data

revealed that the l^vel of aisstary protsM did not

infltssriG^ tlae eeriim lipid ievqls the dietarif

a.€vel had an influence (P/q»Oi>» The mean serum lipid

levels for the four aiffarsrit dietary -snergF in the

stuay jfeveaiea that ifif an inar^asiRg trend aa the

«R©^fjy I^vel In fclia aiet.ia increassG?!# The aarum iipia

levels with a dietary emrgy o£ '2700 MS per kg was

—Y liable 23* Mean 9<a^mYi llpid of layers? £®d varying levels '
of pTOtein and energy (g

Srotein (%)

14

16

18

20

Msan

2400

i-'

2S00 2600 2700
msn

20XB 2*08 2.45 B.68 3,34

2^13 2,40 2.#43 2»a3 2.-44

2»43 2 •as 2*55. 2.63 2*46

i.6.8 1.93 2,35 2.88 2^21

2ao^ • 2,16^^ 2»44^ 2,75^

t.-5,=!=2=2fB«2^»

Values bearing the easne supaeseript do not di£f«r' signifIc-
antly,

Crltiaal differ?mi5e

Energy «• 0*29,
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Table 24, Analysis of vsri.ans€ q£ serum Mpld of layers
' £«d varying Isvela o£ protein aod energj.*.

Source M

Protein 3 . o.aa i.30 m

Enssgf 3 1^42 • 8^37 **•'

lofceraction 9 0.14 0.84 ns

Brror 48 Q-^11

Total 63 . • ,

** Sigriificant at 1;''- level.
:>l£-.Kon eignifleant,

sigolfiicantiy highest C2»7B g %) whereas it was significantly

lowst with a diet containing 2400 Kaal MS'per kci {3.1 g %)»

dif£ereneos3 observed in ths mean seriM lipld values

bettve^rs the oliets eontaljilng 24dO anc3 25QO Kcai per kg

was not significant, Lilcewia^^ the valttss I'or 2Soo and 2600

Keal MS per kg was hcs?©genQ«s.

Serufii inorganic phsspI'JOJsrus

"The serum inorganic phosphortas levels as iriflaeriOed l3^

tiiQ different aietary treatments is set oat in table 25 Qne

analysis of varicaiice" in table 26« Tha lowest seriam iKtorganio

piiosK^ioras o£ S.OO fng per ceftt x#as obtained ^or th« dietary

combiriatiori o£ 20 per cuiat protein ans 2400 JOaal MS per k?|

and the highest level o£ 6.3© trig per ccnt f©r the
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eombinatlon of 14 per aci^t protein an^. 2700^ KgeI m psr

Neither protein nor energy l^svels e^smed to influence thfs

seirisn inorganic pliosphorus levels*

Table 25. Mean serati inorganic pliosphprus of layers fed
varflug levels o£ protein aiic3 energy (rr?g %)«

Pmt©in <%)

14

16"

18

20.

r-feasfi

Sneggy ..CKical MEykc? aietl

2400 2S00 2.6CX) 2700
1* MP «• «•>«* ^ M •»JS ««»

©•S3 s«so 6.07 6..38 5.04

5#90 5.49 5»02 6.04 S.61

6«o7 5*84 S.97 5.73 B.90

S#00 S.4S0 6 •14 6.27 5.73

$•62 5.66 S.^SO 6.10

:23rCTCS5^;s3W3ri3rBsiasMsr:»Kj2n^ i?st3C32Ssa.«a«s

Table 26.# Analysis of variance ©f inorganic phosphorus
of layers f«3«S var^^lng levels o£ protein and «fi[«»rgy*

Source

Protein

Energy

liiteractlfin

Error'

Total

3?3n3S5?25C55;2S!:33r3?5t:3S

d£

3

3

9

48

e3

m -» ribn sigsiifleant.

•MM m»

^sss

0»38

<5 it?

0«69

0*B1

0.47 m

0.95 MS

0«9S WS
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Tabl® 28» Aiialyaia o£ variance of serum protein of layers
fed varying levala of protein and energy.

SQucce df ^fSS

Protein 3 o,»l6 o*4l ws

energy 3 g«3S' 0..93 KS

lateraction 9 a#,39 1*03 NS

Eriror 48 o»38

Total 63

;8«25te»J?«3KS5«r3r^3K:

KS » Mon significant*

Table 29fe Albtimen j <?lobii2,in ratio of layers ^€<3 varying
levels o£ protein atid energy .

Protein C?4) —gng.m._..(.^.al MEAa diet)
2400 2^30 2600 2700

0«3@il 6,42«1 ' 0,5481 0*40sl

0.3811 0»47sl Op62sl • 0.58»1-

.'iB' Q,,4S|1 0*S.3fl 0..71tl O,70«l

^ 20 0*S2sl 0*5Ssl 0.*64sl 0.63sl
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l^ck««3 C€li volurna

The paclced. cell o£ layers as infilueneea by

different dietary ecHiibinetionfi erftpio^'ed in this stnd^j is

presentsa in table 3D, which snowed a Imest ^»alue of 20.0

per Gsnt in dietary cor^iMnations of 16 p^r cent protein,

2S00 Kcal m per kg? 18 per cent isroteirs, 2600 i<scal M3 per

kg and 18 per cent.,;;prot0irj,, 27CJO PScal fC -pe.s k§ and a

higher valis© of 33 ^0 per esnt in 14 per cer»t protsin> 24oo

K&al Ml-; per Icq dietar?/ Gomfolnation* tn .gerisral, tfm velu«s

are tmder.norraal range xfaioh is an indicestion, #£ normal

physiological eofiditions oS birds st^jeqte^a t© varying

dietary regimes* 'ilie ataliisticai analysis o£ the data

presented in tafola^ 3l showed neither protein nor emro?

have any eionificant influence*

Table 30» Paekea cell vcflwm'of layers varying, l^v^is
o£ protein; and energy

. Enerqv (KoaUJ^/^a diet)Ptotein m ^155 ^

14 ' 31 #00 2^,00 2e*t?5 29,50 29, S6

16 29.Q0- 28»00 28»?S 29#2S - 20.7S

15 23*BO 28*25 ' 28,00 2S»00 23.19

20 28,2S -SesOO 2S*2S 39,00 28.,3S

Mean • 29.19 •20.31 23.44 2BM

t-3Si:ssi=:c:sn=s35=a2aatqi3!rssiK:r;s3c:i-
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table, 31# ^-nalyale of variance of paokea cell, voliaiiS' o£
layers fed varying levels of-proliSiK aii<3 oaorgF#

Soiirce

Pzot^Xn

Bnergy

Sriteraction

Error

Total

.tSit stss?

af

3

3

9

•43

63

.as « Non significant.

M0S

5*94

2 m

l*U

3 •01

ssgsasSKsrscss^ESc:

,1.97 MS

0,91 m

0*39 m

2?crr53£353fa

itaamoglobin

The t«ff©Gt of varying- protein ana energy levels upon

haemoiglobin of layers, is set out in table 32, h low

haemoglobin vaXa*» of 9#71 -waa observ^sS "with a dietary co!tS3i->

nation oi 20 per cmt protein ana 2S00 Kcal ?4E p^r kg, VJhile

high value o£ tOm7 waa observed V7ith 14 .per cent protein

and 3400 Ifeal .MS .per kg confelnatioa^ "Kie atatiatieal

analysis of tit® data p^eBenteM in table 33 showed .Insoth

. energy and -proteiis aid not have anv slgiiifilGQfit in£i«enee on

fiaemogloMn#
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Ta&ie 32« Basffioglobin values of iay.«srs £^6 varying iev&is
of jjrofc€in ana energy (g

Protein
Enerav (feal m/kai diet) ttean

2400 '2SG0 , 2600 2700

14 10^70 10.15 lo,»lo 10*44 10,35

m • 10#S7 §*89 10#00 9^89 10.09

IS 10*21 10*00 10.02 10.#13 10.09

2D m*oB 9»71 ' io#io 10.S2 10.09

C'fean lOiSS 9,94 1O*0S 10»34
'

S=lSSS3SSi==iSC3t2: 3«=5ia=t=ir=.-; ataiSJ

Table 33* Analysis of l?ariance o^£ haemcglofoin of layer®
fed varying levels of protein and energy

Soyrce

Protein

Energ^^

interaction

Error

Total

S:S?;^SS=»tBSS!^S3

d£

3

9

49

63

ijsrfiscsjsssasscss

f4SS

0.27

0,62

0*20

0,28

0..95 MS

2.20 WS

o»7o m

BB m Non significaat*

liiv^r lipid

total lll?«3r lipid of random Mr<^,s fed 'differeftt,

levels of energy and proteio> revealesS that, botli nutrients

in^laenc^a thia parametsr. The liver lipM values prese«.

ntcd in table 34 its aiTialysis o£ mrlance In table 3S

indicated fclmt aa the emrgf lesvals iocreasi^d the liver
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lipid content a3Lso showed an Increasing trend, Hbweveir,
(

the differences observea in fche perc«2nt.age •of lives- llpids

Qxi a diet oontainin.g 2400 ar^ 2Soo K&al me per kg were not

statiatioaliy eigoifiqant* Similariy,, that obtained on a

diet iS©ntalning an energy of 24m arid 26oo Kcal HE'

per k0' were also aot- significant^ The' highest level

(,So«725'J) ©btained in" ths a clletai'S' eft^rgy Isvel

of 2700 Kieal P-® per kg was atatistlcally mt different

Isfom those otetained with 260-D Kcal per kg.

mean liver iipid per cent pooled based on protein

Isvel alone S4*26, 42.39, 23«oq and 33.65 per cent

, for ai€ts ccntaiiiitig 14, 16., 18 atid 20 psr cent protein, '

m&pGCtlmly* The ejiamerlcal ai££ersnces in the values for

liver iipias were statistically not ai£fer«nt in respect

0£ diets containing 14 and 16 per c^nt, 16 ana 20 per c<2nt

sb<3 is an^ 20 per cent*

34* Per cent liver lipid of layers fed varying levels
of protein and energy*

¥»rotiain i%) EiifsraV' imai m. mt ka diet)
Mean24a^ 2500 2600 2700

14 39..18 53^21

«»«IH nw Wii> — PI# UW*

7o*26 54,38 54,

16 44 .̂39 33,90 39,60 SI *68 .42,

13 2i«•86 10»02 29,74 50,39 28.,06^
20 m*,2S 25,00 43«06 46,43 33,.69^^

Hean 31.• 43 30,S3® 45..67^ 50,72®
.:!^C:Ci235j2S52S2:S5»®?S?»S2««S2»553fflCS!=5^»2»t2lSS:2S:S

"Values bearing the same sutseracript do not differ sicmifi-
cantly.

Critical aiffercRce 14,93
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Table 35,, Analysis 'Of variagjae of litfer llpid o£ iay©re
fed varyiiig levGis of protein ami snsrgy*

Source

Energy

Firotein

EJrror

Total

sasSK

6£

mrnvtmrn

3

3

9

ts

* Significant at S% lev<?i,

iriver protein

The percentage liver prbtelh In bird® £^<3 %»aryin.g l^yslg

o£ energy and protein ia presented in tafel© 36 ma fehs stafeig-

feical analysis in table 37» It eoul^S fos mm tliat liver

protein ii3 inflitencea Isoth Isf the Ss^el o£ prot<5in ansS .-(SiKjrgy '

in the diet, t-ihon protein le^el in the di€t alone -was

c©nsi<3<3red, it shovjsd a linear feren^ t^ith 39.76 per cmt as

the lotfeet with 14 psr cent protein and 55.59 per cent witli

20 per Gent protein, Tn^ values obtained with 16^.18 and 20

per cent dietary protein %-Jere not statistically iiffersnt^

eo also ti-josG with 14 and 16 |)er csnt*

j;»gvel of liver protQin am dlbtcitecl by energy liiV^l tfld

not show any specific trend. The highest vsiiu® (57«47?^) was

obtained with an energy level of 24m, while the lowest vaisjc

%im with a diet containing 2Bm K&al p€r kg <32#Smr>)#

ms

•413*,00

.S2a*'io

««=33=

F

U W «•«iiM

4*71 *

S«97 *

SSSSiSi^MliJ liiaJ2S5SKS22I-IiS l'jii3£2
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—Y' Tabie mr cent X'iv&r protein of iayero £ea varying
T loveis o£ pjeotsifi anei energy.

S^otein C>^)
2400 2500 26dO 27^' f%an

iw#fr«iit.«c «ib^.9t»pin

14 SO #96 42 ,34 25.92 ' 3-9*61 39,76^
16 47, 32' S6,59 54,36 33,,90 40,17®'̂
IB 6S*63 76,11 51,90 44,72 58.11^
30 6S»90 S9.87 49*92 46,61 S5,S9^

m^n S7>41^ 32*SO® . 45467^ 41,21^^
SK=rta^s»-rnat^2373:si-23:=^^ 55rtsr.^c;«53ri2r=s^s^ss2s5ss5s3

V^lii^s bearing tfje s&m sup^rsaript do- not di££€r sigoi£4«
eantiy,

isritlcai aiffesrenee ^ IIM

'S'alaie 37, Anaiysia of variajae*? of liver ps&t^in of layers
feel varying lev&lB o£ protein and .energy.

Source <3f .Hss f

Energy 3 '272.12 5,06 *

Protein 3 272,70 5,o7 •»

srror § S3*83

^yotaX ,15

•sa^iijiSiaiaigsaiasaisgsiijSSvtasiifSSgasgEafigisi^saassgissggagsaai^gaisgy^^gR'as^sagsjr'jg^?

* Significant, at .5% l6Wl.

^.OftTALITY

The 8?i©rtallt^ ainong ^experifr^otei birds which

©cci^rea tri© whoia perioc3 ^ 63iperJ,TOntatio« Is

t^iiiatccS aft5^''pr^3S6ritea in table 3Q» The overall mortality
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Its

oS 3S*5 per cent over a psrl©a of 12, a8--aay period oan.b®

osneiaerea as noj^mal ,

Evenfebotigh, there are nmrneriqal higher" vai-yee In

c!5ortaiit^ at certain emrgy x protein coE^lnation®, th«

autopsy of the biras ttad not revealed anything suggestive

of the inflt^oc© ©f thes© nutrients,

^abie 3S# J-brtality p&tt®m of layers fed var.v-ing levels
of protein ariiiS eii^'gy (fiunter) .

wsox,exn >,.0) ^§00 26C0 2700'

X4 13 2 4

16 6 • § 3 3

IB' 2 • 3- 1 6

20 3 3 0 2

js=t=tJESSffl«wrfa!:3j3S3WaiaKrist5i3rasi!!a^=aramssESi=2sss=rtasss5Siasraianat=,=3:ai3a=!;S3:9c«sa3S!=a

c^imss Atm-LYSIS

Hie resislts obtained on the analysis' of the cercayjsesi

of birdc f<sd 'jarring levsla of protein arjd energy arc

presenters in table 39- Th<5 vaXum did not shtjw any.

effective trend because of felie ensrrgy or protein lewis.

The values obtained are 't^eil witliin th^ siormal biolQciiGal

limits*
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Table 39# Garqass aaalysia layers £ed varying levels of
protein ana

Proteinw
energy
do?f§3ination

Crt^Se
protein

Crude
£ibr®

Ethsr
extrac
tives

Kitrogen
free

extraet

148 2400 44*08 1*07 7*99 40*68 6.18

14#2500 42 .'92 2*39 9*6S 33*57 6*47

14g2600 31*31 0*7S 6*24 58 ,43 3,27

148 2700 42*23 1*21 '®*7S 42*77 7.04

3.632400 33#72 1*3S 6.*"S3 49*91 3*3S

16S2SOO 45»B6 l.IS 6.*41 44w©9 2*i'i)

165 2600 48^66 1*64 10*21 34.99 4*1^

168 2700 23*27 i*i«j s.®i 59.24 6..S9

•IB >2400 43*15 3*18 6*05 39*41 7*41

13s2SOO 49^m 1*8.6 7*82 34*S6 • 6*QP

18 8.2600 44*4a 2*42 6*S4 43*12 3.44

10!2700 38*^ 2*83 5*34 49.S4 3.33

20:2400 .4S*S2 1*S3 6*S6 4<3,64 5.35

2012500 30*08 2*30 6*64 29*18 11*80

2©*2600 39.62 1*74 6*67 48*23 3.74

20s2700 35*43 l*0-9 6*33 S5*56 1»S9

S25ffiSSS3 ss:^sis3SsisssG$s
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KiTRoosfj BhmncE

T.he nitrogen tealance studies of birds fed with different

dietary prot«it5«®"raifgF combinations arc p£^sent@a in tables

40# Oft examiriatioii of tlis pitrog^n retention iata it was

obaflfrved that all the birds sHowed a positive nitrogen

balance irresp€Qtive ot t.tm protein or energy Isvel in the

diet* hs- the ievc'l of protein in the diet increased there

X'/cvs an apparent iricrease in the rstaisted nitrogen* With

rcepect to energy level® in the diet thedid not

aliK5iu/ any specific trend.

Tahhs 40m Nitrogen retention value of birfts £ea Varying
i€vels of protein an^ energj^ (g)*

^l»rQt€ln i%)

U

16

13

20

2400'
Ener^ (iceal M;/ka Met.}.

2500 2600 270D
Mean

1.07

1.18

1.51

1.54

1*S7

l.S©

1.S.3

1.31

1.50

1.06

1,26

2.03

2.01

1*59

0.86

1.33

1.03

1.30

I.IS

0*77

0.*53

1.43

• 1.49

•1.06

acs3552rai«$2tdyi2iz3iae3siS!r:r3cs2a255»82Et»5SRK5rsst;se5T$ arataaff
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pRQmcTwt<! pAmMBmns

ao% weigl-jt gain

The msan body wsignt gain rarigincj from 281 to 379 g '

for frm four iewia oi protein m& from 29$ to 30S g £or

th® four energy Xeveis is well within normai limits for

iayers. Th« statistical analysis of ,the data -revealed •

that neither protein rm^ mGtgf levels infiuencea t2ii«

parameter. 'Smtte al* ClSSlb) ming an energy iev«l

frotn 2511 to 2S11 Keal fus per }zy 0.iet. and a protein leivt?!

£rom 14 to 24.S p&i^ eent also reported that, no significa^it

dl£f€-rsnc2€ be obtained body weight' gaia» Mter

eotidubting an €5^erimersfe to atud^r th€ cffcot of Sovtr

9rower-l35?er aietary Seeaing syetems ©n qaged layer ptrfor-

mmam, Doran gt {l^il) aliso reported that fseding

sfstcm hea little effect on b&S'/ imlght dt.irlng laying phase.

MoJian ;gt (3,977) reported that the weigfit gain was

liigtest in birds given 17 per cent protein diet while it tms

the' least in Mrds on 11 per ^ant jscotein diet,. Thef

iwether observed that there n© significant ^iffsrence

bett'i«®n 11, and 13 p«r osnt protein levels, Olomu ana

Ofifiong (19335 and l^asad .«ji aj., (1994) alg© obsjierviid that

body ml0vt gain wa.a- not Influenced protein level in th«
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diet* Thus considering results in p:reae.rit st'Ud^ and'

those r«porte«9 by other it la raasonabie to pteemm

that 0&tl@£Bctorf physiological wesll being could be

achieved with a pfot-ein level q£ 14 per cent and an enfifgy

lev^l of 2400 Kteai HE per kg in the diet of eagcd layers

Egg presdi^tioa

P«r cent han-^ay egg pmdmtion at all protein, leva la

except with 14 psr cent protasin and with all levels of

energy used in the e^^riment api^ars to ha in tfis optimal

range# Diet containing 13 psr cent protein resultod in

significantly higher prodyetion C?l<,15 per cent) and

that with 14 p®r c^nt protein resulted in significantly

lowest egg production (5S»4S cent)# t'ne abaene® of

any statisjtically slgnificsant diffcrenc® in eggi^j>rG<Suctiori

Ibatween 18 and SD per sent pmt«iu oi^ fe«tw«en 16 Qnd 2o •

per cent -diet- suggfi-afe tlwfe birds will he able to Oliver

satisfaetory egg pircKSuction i^ithi a ai€t containing 16 per

cent protoin* the present results cmfirra the ©bservatlona

of Dsaton and Quisenberry {1964), Ssdago,pan gt al, (1971),

QuMratulla (2976), I6abatian<3€ ana Fetugii (1976), Mohan ^

(1977) , H?i^ ana ^SaiQriRo (1980) and Olomu aiid Offiong (1983)

vrho r«port€d satisfiaotory egg production in caged layer®

witJi dietary protein l^sa than 18 per osnt.
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-f- Sadagopari Cl971j sugfsstea that tlie protein r^quirs'-

ff®nt of caged layers ii«.s between 1-^ ana 16 per
•} t

obs^ifvationa mads in this stuay with 14 per cent protein

aosB not si^^aeriM to the Immr limit auggestefi* it coult

Im .possible that tm conflicting reports m th@ lower lewl

o£ protein might bs {Su« to ths bio«^vailability of araino

acids fjTOfTj the feed ingreidients used ii^ the forirsulation of

diet* tn developing counferiea like Xfidia mere ingretJient

qiialifcy qontrol d©@0 not exist it is safer to rationalise

an a slightly higher 1-svsl of protein tlian lower levsl

laeg, se.o

2qg proauctieft was not affected €Ber^y level alone

"T" was considered without taking cagniaence, of protein#.

Increasing fm energy .cson.tsfit in the saiYS protiriRt level in

th$ diet also did not signi-ticaritly affeet egg parodtKstion*

• Kill«r ©t U957) repartea a non significant effect on

egg procSi^tion when me.tsl3oiiaa.fele energy t protein ratio

vari«a £scm 36 to 31 (Thie ©uggeat tH&t. the energ.? l«v®l in

th€ diet, is not aa aritidal as protein levsl in cag^a layers)

Hoclir^ich et a^* 12-958) and maiel gt ^ (1.959) reported

th&t varying tli© energy level on 16,# 17 or 18 cent

protein ai€t did not show aisy ©££€ct on egg prodtK^Jtion*

Bragg and Hodgson il969}, Fetersen (197S>, Mllie .et. al»

C1976) and Smm&rs enc! Ifieaois (197S) also reported that
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tcfmrlng the lewl <3M ftot afftaefe egg production#

Iri fact, Mllim- £t Ci976) couXd observo! significantly

high«r egg produc.ttea at an ©ner^ le^^ei o£ 222© than at

3080 MS pier "kg In the di«t« Thus it could b® safely

g-iafn5lae<a that a diet containing 16 par cent protein and

2400 Sfejal m kg diet can bring ahont satisfactory egg

produetioo.

The anal^sia o£ ths data revsaied that season of tli^'

year ©ji^rted appreciable effect on <sqg proaaGtiofi>

SeasiEsial influence on protein requiremint of layers !?ss been

reported % Rsi^-en(3 Vletoier Clf73) and Chav^la ^ {1975).

The analj'Qis further revealed that while esason x energy

interaction is not slgniflcafit# tlis interaction ..effect of

season 3< protein ie significant (P/O.OS). The ogg produe-

tion was highest (73«93 per cent) during v^arra dry season

as^ sl^nlfiqantly ciif£er©nt from other season©. It \ijas

aignifiaantly XamBt daring warm wet season (59,69 per cent)

eosprising of Qotobsr and Novembar months. It i^s di££leult

to iSraw positive- conclusion on th® best season for egg

l>rc3d5K3tiofa in a® much as coa^arable layers ®«r<3 not started

dl^rlng other season© inor<3e^ to deeipher critically the

effect o§ m&mnrn However, the trend seems to suggest that

dry period 'bgiEsgf la^©! for egg predtictlon#
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r«(B«3 Infealee

Toe overall, mean fisea intalt® wea 113,»29 f. per bird

per day* The dalijr feerd intake hf the layer® not

shown to be Infiuetiseea hy the lev®la of either pmt^in ot

of energy empioyeiS in the ^aiiy feeiS' intake-

to varying i«vela ox en<grgy proteitj- im tii® diet as

repdrt«d by various iw©rkers are q.uite aoafllcstiBg* Re<3%

®t al. il9BQ) repswrte-^ that daily £ee<3 consuinptiop fser

toira Inareased sigr}i£±cant2.y increasing i€V6l3 o£

protein and aeereas^a with ificreasing levels of energy.

However, Reid and miorino Ci9S0j c>bserv®tl higMr

intake lowgr .proteiri diet<i With hi-gh «?nergy diet

feed iritaise Xmrni^m oiorau and QMSiotig (1983) opined

that dietary proteifi ha# no effect on fescJ intake i^faerea^

high fsnergy diets reduced feed intake*. After stii^ying

tt^ protein levels# praead ofc (1984) also r©.pQrt^d

that protein ha^. no effect an fea.d eonsi^tion* wilsion

et al» (1973) stisaied the iinfluence o£ t€f?|3eratsirs on

energy intake and" stated that layisrs did not adjust tlifir

calorie intaice to ths energy level of the feed* The

results ofi t.h€ prssseofe study also agr®€ with ?31ea\fes ®nd

Dewan (1971) wHo repcirt^s-^ that flietary protein and energy

aia mt exert a sigriifieartt inflmnce on £^ea consumption.
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Th^ absence of any- gi^fsiSSi^ant inflaeRaa on feed intake

am to if«irying energy le'̂ sX® en^Xoyea in the present atueSy

might be dye to smaller <3if£@renoes between levels u.«ed,

j£«ed intak-e j^r feira was inflasnced by- season,

bielng significaritly highest €lyriKig aijld x^efe and lowest

during warm vmt This is qtiitss reasonable in a©

msKsli aa during cold wet seae©n* the bird r«qiiire« more

©Rergy for maintaining its body tfi.tpejfatur^ which is

accemniodated hf feed IntaK©#

Fesa per doseo-eggs

, Tti^ ni^an values for fead effiicienay ea^ressed. as feed

per dosen eggs raiig«sd «rom 1*87 to 2#82 for the varying

energy j«roteln coml&i'nation®, flse figtjrea ar<s t^eXl i^it-hin

th® rs,ejrmal range sceeptable fot «gg prodt.K5ing stock# Tni^

gives a positive indication on th© genetic as well as

biologicGl efSiciency. Tht feed pi^ <3ozisn ^ggis cansi^ere^

on tlie basis of' prtit^An content alone sho^^ie^ that IS per

Gent protein ia tin best (1,94) aniong the protein levels

tested while the f^ed per dosen eggs of' 2,36 £or 14 per

a«nt protein aiet waa the poorestt. mmmVGir, a is per cent

|3rat€ln ai€t was a borderline level in ©o mr as feed per

X dosen €ggs is considered* Likewise# ao fsjr cent protein

^iet haa fjot sham improvement in the feed efficiency over^
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-jh- 10 .p®.ir cent diet# Therefore* the results tend to

suggest that tm<3er coaditiorta of the present es^rlm^nt.,

16 or 19 per cent protein diet is ideal its so far as feed .

par doEsen egtis is considered. Sadagopan ete. al* (1971)

observed that, it required less fsed to protlace one cSosea

«ggs "With di€t«S containing IS «5r 20 per cent protelrj level

GOiTtpared to 12 02? is psjr ccsrst proteia,. The feed pet

doscn eggs between 31S arid 20 cent protein level not

significant, Psragaa et C1984) confirmed tl^at 18 per

cejit dietary proteia £e^ biE'd® haa si<gniflcantXy superior

feed effioiency as eon^rcd to X'5 p&r mnt protein# RMSy

S:^ ,SJL* Ci©80) also reported higher feed efficiency with 18

per cent protsifi at all emsrgy' l^velB t^ataa by thorn*

Similar respite hsve also &€<?a reported fey Hochreich

£t a^» <19'S8)# I^lill^r St (t9B7), OulSGnberry and Bradley

C1962)-and Mohan (1977),

Tlw energy range 2400 to 2700 I-feal PIS par kg,

€venthoisgli' shovjsd a nmKsrical iriiprovement witli increasing

©nergs', was not statistically significant# l^gain for a

given protein level to increase in emrg^ dia not result

io significant ir^rovemeiit in £eea efficiency*, ' Thus it iS'

evident that protein ratJser than e.iiergy ia more critical in

ifr!|)roTing feed per apsen, eggs> However* saaiagopan

(1971), Reid an<3 Haiorifio Cl9So), l3oran et al^ {l98o) and

>
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^ a3j^« (l!DSi& r'S.portecl that inejr(ea8®«5 efjergy eontent

in tlie diet tiie £mB ,|5®r dosen eggs*

Whfress, the results of fciKj pjriisSiSjrit stud^ is in cl©s« agree«

merit with ffehan et a|^* (1^77) anig OXomo m<3 Offiong (1933)

who i?€port€a tliat erter^gy Iswle in tii« di^t, did not have any

eiieat on feed mqitlred t© produee on* dosen eggs.

F«ed p«3? IdLlogramn^ egg

Bsqsrs-sairag f«ed req<ilre«3 tm prq^ii^e JcilogrsftKne' egg is

a bett^if ffi^aaiisre ov^r f6e<3 per doseij ^ggs in bb muc'h as tlae

nutrient <3'ep©altlon ^gg is quaiititatively measured in

. t6£t?is of weight than number.. In the peeeent c-^erireent

when data ©n feed intake ajrs4 egg w^Bight ar© analysed as

fcGiS per kilograwss oS. egg* th^ mtiw jrangad frora 2*91 to

4^42# T!^ gtatisfeicai analj^sis of tb@ data ravealed that,

trend- of tmnim was ver^f Bimilar to thoise obtained

when feed €££icienqf -was ealeulat^d based egg number

Cf€s<S p®r iiomn eggs). However# it wa^ observed that the

p«r "kHogtmrnm egg aiiioj^si protein level© of l&, IB and

20 per cant vj'erQ statistioallf sifniiai?, whii« that for the

• diet containing 14 per eent protein was significantly

poorer then oth^r proteirs levels. Similar results have been

rstssrted hy Sad^gopaia ^ and Thatt® ^ (19Slb),

tliiis '^hcsn th@ ovsraii reutilta on f«©c! efficiency <&oth per



•f-

126

dosen ana per is consiae^«d a larofe^in level of

16 per <5€?2t se^ms to 22® swfficAerit for supporting goc>a egg

production#

Hie taaaite of tlie }^i%sent ©xisertent also reveaiea

that varying m-sergy lewis enplo^€d Im the present trial did

not ©xeart sigtiifioasit influence» Thlm is in agireenieat

i^Jitli ana lie®sots C1S7S"), i^iio tried varying energy

Isvela from 2420 to 3oS0 Keal per Kg iand reported tliat

cmvBmion of feed to sriase i-mn not affected by th^ aiet.

However# 'Jhatt^ (1931b) reported tfjat per

UilogrBmim ©gg masfg was better ©a. Higher energy; levele, in

the Gbs«nc€ of any significant on f«®a efficiency hv

energy levela in the pmmnt investigation# it is reaisonable

to surn^lse that a diet contaifsiing 16 per cent, proteiti witli

2400 Kisai MS psr kg he eonaider«4 as ^aonomicjai#

ss^ Quhmft pAmmm^

In m&tlng th© requiremeiits o£ isuferi^nts for praduetion

o£ large number •©£ «ggs is ale© e.seerstiai to e2<amin« its'

ei'ffiisisRey in pro^«ein§ eggs with aoim^ quality# Purthern^ra^

eertain q£ egg quality eharaeteristic® also known to l5«

irifluenee.<3 ty the fj^using s;g'atem .^raploF©^ which can be to e

great 'e3ste;rjt eorr<sc!ted by judieious feedisig n^aegemeftt.
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^ Thus, sour^ egg quality? traits not only inflo0n.ce it®
acceptability by tlie consider but also affects the marketa--

biiity ef eggs*

The mean egg weight obtained £ro.ra layers aiiring this

course of ss^jeriment without 'GDiisideretioft ©f energy or

protein was 53.86 g whicli is an acceptable mrlZGt weiglut

for Legliorn type of layers.

The egg waiglit Infltieneed- hoth fey protelrs ana

energy. isv®is (Table 14) • 111© rmaults on the ba^ia a£

protein level in ths diet alone inaieated that 16 per cent

protein in tiie diet resulted in eggs with highest egg

^ weight (54*7 g). The aiiffercnde in egg wight bst^ean 14
an<2 18 per cent and thst b®tt'4''€t€n 10 andl 30 per <2ent <3iet

were not atatistically sixjuificant^ l^dlntyre arid Aititan ^

(1.957) noticed that higher lev€l o€ protein are necessary

for jTiaacimum egg weight* Similar to that of protein, the

i«fluenee of ener^/ <3id not also shcsi? any definite tresna.

Diet containing 24'00 Ifeal.m per "kg resulted in eggs with

highest weight which •^bb statistically not diff©r?snt frisw!.

that obtained v^hen a diet containing 2600 Kical per kg

was fed. likewise# th« aif^erenG© egg mXghtss on

2SOO ana 2700 Ksal m per "kg was also not signifi^ently

different« These erratic differenc® could be to an
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XnteractioB between li^at tifile Xm so ev^ldent frcsn

til® stafeistieal analyale of tM <2ata, tfliich iRsSleate tliafc

•there i®. highlir slgnifiqaiit (p/o^ol) int^mctlon ot eombiaa^

tXon effect, tt appeara, therefore, that tfm protein-^oergy

confoination o£ 16s 2Soo or 27oo feal m per Jig or iSt?.4oo

Kesl MS per leg i« i«^aX under tM- eoiiaitions of present

experinisnt for obtaining satisfaetory egg W€iight. .

Xt hag been estiR^.te^ tha^t a shell tMckness of atleeet

0#33 nrt i® n€€d€sa if tli^g egg ie to ?iav@ a' fcstter than So

per cent eiTtance <&f cT^virjg throuijlt aorimi market handling

breaking Cstadalmana# 1977)Judgifig toy' tMa

fardisiiicM t.he rrs^aa shell thiekriesa obt^iiiesS in this study

caa toe safely adjudged as noirsiai an-d aec:Gpfcabls>

gtstiatieal analjai^ o£ th^s data revcaiad that

protein as well a® a 3p«clfis l«vei of protein and energy

had iriflussiiGGfJ tHi:® trait» Hc^«v®r, it ia |>srado5d.cQl to

note that shell thiGkness is Ssotter (0*337 wmy ^tth IcMmr'

protei.R levela thaa higher protein levels, "rhifaf could be •

,p»8sibly due t«& bstt-©r ^ffidiieasy of utilisation of protein

at lower levels* best proteiii-^n^sjrgy coiri>ination

appears to foe 14 p^r eent csrtiQs proteia 'with 24oo Kcal m

pisr kg# 16 per cent pratain with 2600 »;al m per kg £and

10 per cent protein t^itfi 2406 Keal ® psr kg» •
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Om ef tlie major iudieators ©s intsrior egg quality

,1,0 Haugh iiait seore ancS the: ayDciilary meaour^ iS' Blhmmn

index-# 'The overall m&n Haugh ui5it ^ore of 81.0 and

m^n albumen indeas of 0,?89 iradieafcea tliat irrespective of

tireatsiiGnt ail eggs examined had ciood albiiman quality.

However^ tlwm was a statiaticalXy slgniiiciant (3©qreasc io

Haugh urjit score as well as albwmen index ae the dietary'

pc'otein levels *inertased. liiese reGuits' are in agreement

with Harm© an^ ^uglea (1960 )f?! Harms mt (1962) and

St: C'1977> who reported an isiidreas® in aibufnen

witfi decriga;^© iri dietary protein. Thi® could be

an in,dir<2©t effect do© to lowered <®gg pr^liiotioij at lower

levels of aietary protein.

The- other lueasure o£ IrjterRSl quality is th© yolk

quality as indiisated by yolk index. "Phs yolk indeK value

irs th^ present trial ranged 0.44 to 0#45. Average values

• fDr fresJi egg .falls 0.42 to o*4o. Yolk index

values ot 0#25 or Icssar indioatas a weak yolk (lOesHeim

®t 1979). Tho ovorali yolK inaex csbtained in the

stx^y can fee conaidered sati^sfisetory,: The yolk index

<3ecrease<3 with increase in dietary protein ag -fcJith Haugh

tjjiit mom4 'Efic trend in respset q£ aictary eiiergy level

oil y©lk index is irK^joriSissteat., Sqanning' the literature no

evideftec v?as available r<?iatirs:g aither <3i6tary protein

>
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level or energy level as faefeora eitHier ciireetij^ op inaisre-

efely affecting yolk index* Yolk inclssc being © R?easiir«'

etaiiaing up <|uaiity of 3^olk is g&>/et;m^ more by storage

^Gondition than aietaief iJaefeojps*

Pl^l^liBTSRS

Th€ results of: Moehdmieal parasi^tc-rs etse'fi as levels

o£ haemsglobiri, serum profeeirStf «@runi lipi<3!e# sernn

inorgani© phosphorus, packed e^ll voiwoe^ liver protein

and liver lipids ofetainsd revealed that tlie valuea

cecordea are withii^ ther normal ran^e for liealtliy birds

inciieatirug tliarefey that t1i€ <ai«tery energy or protein

levels tested had .not aav©3fsely affected the ishysiological,

well being of the MrdS landar es^rin^ntation# . The

t?ariatiof4 in values obtai!t.@!a In serisn lipM as a

•conseqii^nce oM change ia dietary energy Ictrels is also a

oorn^al plienomenon, t?o definite eoncluation can be f3ra%-m

frm values £or liver protciR# li^er lipids and caraass

afialysia since the ©bservations xsBre feasga on a small sample.
/

JIX'TKOCSSH

Hitircgesi rsteintiGn is an indieatioil' &i suifialency of

dietary psotGiji £or tissus growtl^, feather develoi^nt,

€09 praaufition as well aa formation of protein reserve*

>
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^ Thus the. posltiv® nitrogen ^lane© noticed in thi.s stiKSy
for all dieta^ comblnafeiorss indicated that ail the diets

stjpplied siifficient protein, ana eiier^' for normal

physiologieaX |>roc€sse®« tfiG trsnd oi ro3?3lt is iti a^^ee-

mnt with savgorodnysya and Ro<2i<HK>va (1974) •

y



mmaxfj

T



4 X 4 factorial aesifried to study the

•aietary requlrertKinfee' of protein ^n& ior ^siged egg

layers linear tiie hot huifiild conditiona o£ Kieraia is

repos'ted in tM© tJiesis#

On« hur^rsd ana illKGtyt%io Siiigi© Coi#> ivliit®- I'^rjhorn

strain cross pullets x .ttfp) of tlKs centre of

hlCRP ton 2?©ultry ®or Eggs fotirssd tii® <§3£perirt!i@ntel animals^*

'The birds were r&n^cmily aiiotfed to 16 dietaj^y proteiti^

• energy con'^^inafeiors groups witJi eacih treatnient having fo«ir

replicatea and each rfiplioat® having thre® birds. %c

y dietary protein lav*gl« §rm-?ioyfd ymte 14, 16^ 18 atiJl 20

per sent and that of enesfgy levels 24o.o> 25oo# 26oo

ana 27(X3 teal ® per kg« ihe observations of the

ment t^are recojE-ded over 12# aS^^ay peifiodQ*

ana x^ater %nm 'pmvi6e€ ^ iibitism. Hie routine

managemeicital j^-a^itices vere fehrmaghout ths e3?p4sri«

.mesital. perio^a. Sailf egg i^roanstion m'0 recorded aria Srom

tMa data hen^^ay sgg pEoai^^tiou was Qjerivaa at»

intake data waa reaorded at the €isd oS sacsln 23-»!3ay p©rio6»

F€(sd e£'fiei€ncy ^as caleulat^a fea,Bea on both egg nmMr

(Miogramme Seed per dosen efgs) as X'^eli aa egg jiiafis

ClcilcsgrafTrae feed per kilogramme, egg5«
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Data on ®gg quaiitj? traits such as egg weight, sh^ll

thiclcnssa# albumen index# yolk Index and Haagh unit were

recorded period wise.

ThB Mochemical parameters smh as ser^m iipids# Btnm

•inorganic- phosplioriss, serura protein# packsd e<sll volume,

IiaeniogloMn# liver j:;4'otGin and liver llpia© \-mm also

estifYiated during the course of the e^periitient to Bsemm

ths physiological status of the birds#

^le o\r«rall performance o£ tha birds fed different

dietary rcginien in rGS,p€:c:t of the pr<scluction parameters#

egg quality traita? and blochenilcal observations are

• presented in table 41, 42 and 43, respectively* The

> following observations •were un&e from ttiis inveatigation.

1., "aia varying levels of protein and energy employed

in this study dlc3! not havs any significant infltienq© on

body weight gain».

2* Birds fed 18 per cent dietary protein had signifi

cantly higher Iien-day egg production and egg prsdiKatiGn ^

was significantly Icswer (l?/0«0l) for Mrda fed 14 par cent

dietary protein, However, the «gg production observed

between 16 and 20 per cent and tliat hetween 13 and 20

^ per cent protein were not atatistically significant.

3,. Hen--day egg proayietion was atati^tieally similar

emong various dietary energy levels ertsployed*
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4. The daily jgeea iutajte par bii^ per aav"

influenced by the q£ protein, aaf energy employed

.in tftis «

• S. h dietary protein of 16^ 19 aa-€! 20 p^t cent .

showed significantl'y suxxarior (P/o»ol) fee^ ef^lcier^ey,

t^hen €2?pre3sed both in terr^© o£ feed per d^sen egge •as

well as ^eed per kilograwne egg than 14 per cent prdfe<?i.n\

Isvel, Tas'differences obs$r^*ed sirmng 16# 10 and 20

psr cent protcsin sfeetiG-feic^liy r?,©t 6±££er$nt*

6. Feed per doscn. eggs as well as feed p@r Mloijramfrje

, egg v?^r« not, iaKluenced by varying energy lev«l& employed^

^ 7» The m@an egg weight (S3*86 g) obtained from birds
irrespecfeive of th® pfofeeiJi level os? ©.mrgy- level seems to

he reasonable*.

S« ftie ^<yg ir^€i'0it was gignifieanfcly irsflmnced (P/o».ol)

both by protein and eiie^'gy levels, ffewever# th© change

e.Kert©a due to feeding of various cUotary c©ri&ination.s ai<3

not show any de£iJiit@ trend# 'S'he h±#ie.st egg w<sl^'ht wa.^

Gbtainsd with, a dietary protein x energy comhinaiiiom of

lasa'loo, 16J26S0 and 16s2703*

9» In general, tiie mean shell thickness c^tained in
-wl-

this trial can be c©nsiderec? as normal» Tlie statiatieal
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analysis show«a that prstein eigoiSlcantly inflnsnced this

trait whereas energy levels <9i«3 not have any sffisct,

3.0* SrrsspsGtive o£ dietarv treatments., ail egg®

exaKitned had gopa altouaaen quality and Haagh iinlt sGor««

However# there was a statistically sifirii£ic®.nt decrease

In inSess ana Haugh unit score as tlie

dietary protein levels in^reeiseia.

11, Tliough^ the Haugh unit score and aifoa-neri! index

was InfliHnqed significantly (P^.Ol) by t^.e eji^rgy'. level,

in the diet, it <3ia not shew any sneclfilc trena»

12, tn -^©neral^ the ^"olTc ln6fsx deqreajeed vitli Increase

i^: pratolB. contissit in fcti^s ration# vj|i,firess it.was lnc?DnGis--

tent with the dietary energy levels*

13# Tm data recorded for MbGhes^i.cai observations ^r<5

within the normal range! for healtliy biras*

14« Sioqherciieal parameters siash .as haertiDglobifi, soruni

protsin# serum inorganic phmphorm an<g ,pacJc«d a® 3.1 volurri?

were not influencerl either by protslii or ener>3F levels. 'I'he

level o£ diet&.rsf .ii«-Oteifs 6^om mt iRSliisnoe 'the serum lipi,^

levels wbereas tlis dietary energ^^ saaa infXu^Pcea (F^.oD#

iS» Th® l€vel'of protein and energy in the diet
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^ •sigfiifieantly Influene^sd <P^«o5) liver iipi.a and liver
profe6in» However,^ the tremi notecl wais not spe<3,tflCe

16». 'itis values obtained on eareass aBMysi© viem well

t-^ithin the norc^ai Mologleal limits and cua not show any-

specifie ef£s2ct eitheir to dietary protein levels or

energy levels*

17♦. Though nprtality o£ birds among certain dietary

protein-^riergy qombinations i-iere on a higlier side, the

autqps:/ of the birds did not reveal any finaings suggestive

bg- the protsin ana/or energy corrfoinations ae a cause for

Eiortality*

T 16, hXi the birds shot^stS a |)£>sitive riitrogen balance

irr®J3peativo of tlie protein ©r ^mrgy level in ths diet,

19. Seaaoit of- the escorted appr®ciabie efftot on

prodtaGtion paracK^tcrs, itevever, it is .difficult to drat^

positive coificXusion on fc}i€ best se^eoa Ir fis -mufSh' ^3

.conparable la:^ers were not started during other' seasons ♦

eonsidering the above observations i.t ea,n be ipi£<3rm<5

th-st the Isve'i of diGtary protein mii emfgy required

optimtim produstioB for layers raised in cages are 16 per'

,U. mnt ai^a 2400 iSsQl per respectively# Hcs^/ever, in

©rsatical £«e,d fccraula^ion were. at?iino acid baiaacing •
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«spccially that of the critical amino Qeid$ l^Ung a tighfe

rop« walk in (aevele^itig countries it l& suggested that a

dietary protein level of IS per cent can be. considered a®

Table 41. ovemll IHMBHHHi praduction pajg^ams't^re o£
bir^s var^img levels o£ protein and enetgy*

Protelnr
.energy

1412400

Utssoo

14s2600

14s2700.

16:2400

1612500

16 s 2600.

16J2700

IBs2400

18s2SOO

18s2600

•1812700

20J2400

20$2500

20?2600

208,27<30

aissraasssaastsT;

** Significant at 1% level (For details rcf«r anals'sia o£
variance table,

HS-Noii aignifieaim (for details refer analysis oi varisnc©
table.

Heth*6^y ?«sd F«®d Feed p«:
tJsight egg pro- intate p®"r >:il®gr»
Cg) disctim (g/b.ird/ dozen amme eggeonifoination ^^5** aay) KS egge(kg) Ckg)*'*

201,82

347,70

323,SO

149.3S

286*67

316,43

441,11

42S,33

285,^

3^1,67

342.27

497,50

333,3-3

336 • 67

337*92

467*SO

64^03

56,50

S3, 20

5S*21

67*82

66^43

6$*S1

6S,36

71,44

71*49

70,eo

70 #89

63#18

71*92

74.08

74,#S3

120*32

103*52

99*77

100.26

104.77

10S.S3

114.74

109*55

116.78

113.23

115»69

103.52

112.05

120*96

113*96

116.09

2.31

2 *82

S.08

2,22

2*04

•2*06

2.17

2*15

2.00

1*93

1.98

1*87

2,17

2*0S

1.07

1*97

3,5§

4.42

3.20

3.69

3.19

3.24

3.33

3.3a

3.11

3.07

3.15

3.00

3*40

3,15

2.91

3.10

!t.';s»csss»2iS3—Esai3!CSa!SSK=!s:^'K:e ss3S!assxists2»i3iaw»aKt®ra»s:i3?3=!aa
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# egg quality feraits ofTable 42* Overall,
biri3©'£€d varying levels of protein and ensargf.

r-^rotein-
en0rgf
ccKTibination

Sgg
weight
(g) **

Sis© i i 1vjih
thiekn«3!9

(mJ "

AibiimirEi Yolk
indtsx**

3L4i2400 S4.48 0,338 83,08 0,0^3 0 ,449

14j'2SOQ S3 ,30 0# 341 82 0,0S9 0 ♦4S6

|4f2600 54 a© 0,^337 85*00 0,099 0 ,4S9

148 2700 51as 0.* 332 B2 «3S 0,090 •a ,4S6

16is 2400 54,403 Of 325 S3 ,00 Q*090 0 ,431

163 2500 53,,49 0* 337 91 *0Q 0,085 0 ,44§

M?2600 SS.6S 0*,338 01 *97 0*Q9S 0 ,447

tfyi2700 S5,4§ 0, 340 93 ,28 0,100 0 ,449

18t2400 S4,87 0,,323 SI ,13 • 0,093 0 ,449

1852SOf3 S3,39 0,325 77as o,osi 0 ,423

IB!2600 53,03 ow 326 79 *44 0,088 0 ,449

188 2700 B2,75 0,.226 BO ,.42 0,087 0',447

20.5 2400 53*79 0,,335 • BO ,30 0,091 d *441

20S2500 54,31 . 0«322 77,74 o,oao 0 .445

20S2600 54,13 0,,337 79,42 0,034 o ,439

aoi 21^00 53,58. o.,332 76 ,23 o,oao 0 ^437

£ss2522s3f ca2sarrs2 ::ss£S«»J5 £^a5is?r3s5"»C5r2a«»css«K«s«s?ae

** Significant at 1% level (P©r details refer analysis of
mrlamts table.
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bioctisniical obserifatlonsTable 43• Overall
of birds'i;«6 vajfyiog levels of protein
energy.

•psrotein-
ener^y
sotii^lnafcion

lipia
Serym Ssrum Paesked Haeins-

protein esli volume globin
phosphorus (g^^) C^) NS (9%)!^©
(m%)

l4t24QQ 2»18 S»SI S*9© 31 #00 10,70

1412500 2#0© s.so 6 *.20 29*00 loas

14S2600 2,45 6*07 5,9?) 28 #.75 10*10

14.5 2700 2.63 . 6,3a , 29.,S0 10.44

165 2400 2#13 . 5*90 S.59- 29••do 10,57

16S2SOO 2*40 . S>49,' 5*53' . 23»tX> 9.009

16*2600 2,43 . S.02 S,7l. . 23,75 10,00

16i2700 2,83 . 6*04 S,77 , 2??*S5 9*89

188 2400 2,43, 6,07 5.41 28. SO 10*21

18s2500 2,25 . S,84 S.29 28.25 10,00

IBs 2600 a,ss, S»97 6,14' ,. 28.00 10,02

1812700 2*63 . 5,73 S*S9 28,00 10*13

20J 2400 1*63 5.0Q S..84 3*2S lO *05

20S2500 1«93. s.^ao S*84 , 28.00 • 9,71

SO52600 .2«3S. 6»14 S.S6 281.25 10,.10

20s27aa 2»m. 6^27 S,23. 29 M lO.Sg

Significant at %% imel CFor details refer analysis? o£
^arianes tabl^K

JIS-. Non signifieant (For aetaiis jreHes- analy^sis o£ wrlan'c€
^able)»
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^pi3<anaijc I- tiiitdai am fifiSiJ, boSy weight o£ layera £ed
varying levels of profeeip and energy (g)»

l»rot€

eoi^lnation

14*3400

i4t25(5D

i4t 2600

148 2700

1612400

.t6?2BOO

I6i26©0

lei2700

iai240Q

lS»25dO

leiaeoo

is*2700

20'S 2400

2m 23m

20a:26Q0

209 2700

ifiit-ial
Ijody weight

t383*$3

1296.67

1366.67

I310w42

1282*So

t307^m

1300^42

l-347*-92

I298.7S

1324.SS

1368*75

1400*00

1312,SO

l3Si,,25

1405*42

1330*03

Final
body might

1674.09

1647*78

1686*50

1465*63

1703*33

1633*57

1744*44

1021*67

1591*50,

1690*S6'

1727*73

1878.33

16S2*78

167S.S6

1743*33

17$2*S0
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1X» Par qent hen-day egg produesfcion as ijifluenqed
by season arjd dietary protein#

moteln(55) ^jpy Jlean

.14. 55*57 63,S6 S.8»4S S6.23 S8.48

1$ S4,09 72.10 70 •..61 68.32 66,28

m 63# 27 80.2i 72.57 6S*S6 71.15

20 65»93 79.?©. 71,34 6.3,78 70.18

:^ah 59*69 73 •©3 63*25 64*22

ttSiZ

^ III. Par qeftt hen*^ay egg ptodmtim as Influenced
toy seaeen and' dietasy energy.

4^

Energ]^'
<lfeai ^^/fe^Jvarm'wbt' Warm 6r^ "'hot d^-' abid'wist

24(50 5e-.06 76,22 68*45 63.74 66.62

2500 5«J.*49 74*93 " 70,17 @1*75 66,S9

2600 • 61»03 72 »m "• 68,30 6s*ai 67.IS

37oa 59,39 71.92 •• 66*0S BB^m 65.75

^feah BM9 7.3.93 . 68^25 64,22

3^s3s:'232jra«:3
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%penaiK tv, .Msasi aally £e«<3 intake hlrd as inflisene^a
by season and dietary protsln <g) *:

S^otein (%} Season
warm wet warm dry hot dty cold xfet ftean

•14 ••©9 a 4 108*91 103*S9 117.23 107.22

t& 9S*73 103,71 112*75 120.41 100.6S.

18 l00.2§ 119#48 113.97 120.^49 113.55,

20 iQ6«0T 12Q_»69 ilS»08 121.22 115,77.

man loo#30 113x70 113.35 119-*@4

K!2B=i!3Si£«3=a!:ssrasasasjatts

^^IspenaJbs ¥« Mean aaily f«ea AntaJce per bixd as influenced
by season and dietary energy (g)»

En^riF . Seaaoft . .
CKeal J'-^EAig) warrrj xsret warm d]ey 'hot ary esold mt Mean

2400 100.83 121a7 114*06 117.98 113.48

2500 laa.so 109*71 113.33 122.68 112.06

2600 99,56 Il2i75 111*76 ISO.09 111.04

2700 90.3,3 111,16 106.24 118*70 108.61

f^an IOD.30 113.70 Ui.3S 119.84

s5S$S3:K:»2::?3rs=22ic
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^penaix Feed isei? dosen egga as Mltsericeea by £season
arsd' dietary proteiii CJ«:g)»

mwmhmHm**

Protein (%}
vfairm ^let

v>« wa •

mrm dry hot dry coM x^efe
Mean

14 2.19 2.0S 2A4 3#02 2,36

16 2*40 1.88 1.93 2#20 2.10

m 1.^ 1#79 1,89 2^1i' 1.94

20 2*m um 1*94 2*30 2.01

mm. 2*3.4 1.89 2,41

«js!==a:=i=sft3safs s=5s3=!ia«5sj2t3«ia»sacs=s3=a!«3s!=!s3a»s!a=:=2~a!a=

.J^pT3en^ii4: V2i, F«qc3 desen sggs as in^luencsa by season
'Snd dietary energy- (Kg).

Sncs^SF .^^as^n , , . - r,„^
(K^al m/kg) warm tf;et ^^arE^ dry bot dry 60la wet

f40an

2400 2.23 1.94 •2^02 2.33 2.13

2B.00 2. IS 1.S7 1.94 2.91, 2.22

2600 2.*0l 1.37 1.9§ 2.23 2.03

27^ 2.18 I.S9 • 1*95 2.18 2 ,03

!-fean 2.14 1.89 1.93 2.41

gacsssisjas
5S55:3C5ess2:5«2C5rs5ass»=s:2=r
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%pendi;jc VIXI» per kiiogrsm^ of cgga as. influenced
b;^ ©eaaosti and dietary protein (kg).

Profeeisi' i%)
Seaaoa

t%wm warm ary hot diry cold t-mt
]%an

14 Mn 3^3,8 3-.33 4.S4 3,74

16 3*97 2^02 •3.22 . 3,27

m 3.34 S,88 2*9S 3as •3.00

20 3.30 '3.,,3S 3.0t 3.44 3.15

f^en • 3,58 3.02 3#QS 9^59

gaaarasaggs^TSiirsttyagsaragagaaaagsBsagsraigassgasagrgsssas^ ?csts^3ra53:^2SST?a:2S?>

Appsndiss IX» F^ad jser Mlograrame o£ egg as Inllueneed by
season ans3 dietary energy (kg)#

dCMM i«i •»»» M fi

SeasonEnergy
CB&sal ME/kg) warm wet. varm dry hat dry cold wet

ffeari

2400

2^0

26m

27m

mm

Ksaasssisat

3,?S 3.06 3#07 • 3.42 3,32

3..S7 2i9S 3.02 4,39 3.40'

3 #34 3 #00 3.04 3.23 3.17

3.67 3.OS • 3,08 3.26 3.2S

3.58 3.02 3.05 3.59

^ 2ra!252ffm5ejanist23352
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%pe.n<aix X-* egg weight of layers as i,R£Ii>enced by period!, dietary protein
and energy Cg>.

P®rioa'
14

i%)
16 18 20

Enerov (Kcal diet).
2400 25ao 2600 2700^

Meae

1 47:»73 49»41 4S«03 • 40.55 48.-27 4S.34 4:9.16 48.46

2 SO.38 51.27 SOcSS S2..60 51.11 51.92 Si.o7 50.33 S1...21

3 ' 49#t6 SI *07 51*27 S2.6S 51.48 ' 52.42 S0...6B SO.40 51.24

4 S2*62 54«70 •52.24 53.6S 33 S3.33 S3.S7 52.31 53.30

5 53^79 S3.0S S3,32 S3. 26 54.4S •53.25 53.31 sa.2i' S3*5S

6 54 ,00 SS.82 S4..3i S4»33 S5.il 55*06 55..22, S3.07 54..S1

7 S3..34 33^89 sa«4i. 53.7© 53.43 S2.S3 54:.98 52..3-9 53.33,

a. S3^57 S4.73 32.7e 53.87 54.24 52.94 54.9B S2.32 B3.74

f •54 •M S6.25 • 55.SS 54.63 50. SB 54.€8 SS.36 BS'.OS S5...34

56,04 S7*70 S6,,45 55.94 57.31 5S.9e S6»©9 SS,88 S<&..S3

11 SB,64 S7«09- S6.6S 57.10 S6.S0 :S7.46 57.22 S7,.14

56„l>7 SS.S2 _ S3*05 ,S7,67 m»m S0,,68' 5S*2S 57.SS- • S7^SS

•Mean S3*'30 S4.6& SB.51

jasaeaiitgssrsc^ggsasByTgtiLaaigragaggngaffia^giggSEaaaggg'a^

53.96

SMRSICICSSJCSE

S4,29

s3s^3ietiir?5a«sj-—

53.64 54.26 S3.23

yj
m
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M* Jfean slieli thiokrieaa of layiara as irjfluenee^ hj period# dietary ,profe®iEi
and €nerg^

iSsriod
Stot^ain C^i) i^nestry (icsal l®/ko! diet)

1-4 i.6 IS 20- 24m 2S00 2600 2,700

i 0»34S €>•346 04.33S C...33a- 0..333 0..340 •0.,343 0.343 0.341

2 • • 0*-356 0.3S6 0.341 0.347 Q..348 0..:3S1 0.349 0.3S2 0.3S0

3 0»3S7 a.».3S2 0.3S7 0.:3$0- 0*3S6 0.353. 0.359 0.353 0.3S7

4 ©.••328 0»339 • 0'.-a2i 0.3i9 0.327 0..331 0.324 0.32.6 0.,327

S 0-.,334 0*333 0.327 0.351 0,333 i:5...32S 0..327 0.326 0.329

6 ©♦332 0.327 0-#3l2 0.326 ©.,•332 0.:324 0.33© 0^321 0.324.

1 0.324 @•320 0.305 0.316 0.314 .0.311 0.,-320 a.sia 0.316

8 0.322 0»315 0.;306 0.321. 0.31S • 0..3i7 0.317 0.315 0«3l&

9 0.340 0»341 •0.331 0.340 0.333 0.336 0*342 0.337 0.338

10 0.»324 0.329 0.323 0.3 26. 0.326 0..323 0.326 0.326 0.326

ii 0;..34B 0.336 0*335 0.336 0.,337 0.336 0.344 0.337 0.339

12 0«^336 0.327 0.323 0.329 0.332 0.325 •0.,32,8^ 0..331 •0.,3.29-

ifean: ©•337 0..335' 0.326 " 0.332 0.332 0.331 0.33S 0,.333

mssstz

fSi
vO:
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XII* Ifean Haugh unit score of layer® aa inflacneed Is^ period, <3i<stairy
ps'Otein and energy.

Pario^
:protein (%)

m 18 20 24QO
Energy (B3oal MEA:q diet)

25(X) 2600 2700

1 89.40 91.,43 07.1S 87.44 ^..71 87.,S6 89.56 37.63 83..86

2 87.75 07.60 S^'w 3E S3..58 87..69 85.19 S5...48 - 8S.:Si

3 89*71 90.13 87.6S 87.42 95.17 86.33 90.77 87.63 S8.72

4 84.26 84.54 80.67 79.92 83^50 '80..56 33.7S. S2..,27 32,B2

S 32:.i9 79.-2S 77.33 80.04 79.83 78.53 BD..B0 79.52 79.70

6 BUBt 79.»25 78.98 77.52 79*35 78.29 78...96. .80.03 7t*36

7 81-.t9 BO 4m 75^.9,2 75.25 76.06 78*83 77;. S2 78.10

8 SI..75 •ao,44 79«00 7e...29 30*3® 79.a.3S 79.27 80..^Se 7&.B9

•9 32«13 8t.3a 79.69 73-.81 eo«27 77-.10 79.33 0O*,2§ 79..2S

m. 7S-,;1S 75.9S^ 74,44 70:-.79 74.8® 73...8S 74.9S 7S.65 74-#S4

11 78..60 78'..23- , 75.10 7a.44 79:.04 74471 76,mm 74.02 7C> »&•£)•

12- 8i.«.6Q 74.21 74»S1 7&.*2f 79.08 76..©.2 77.S8

•mm B3*/E7 B2...33 79.S3 IBM 81#89, 7^.66 @1.46 @0»57

M555»S52»SS»SS'ESe33SaaC2i^"W.!SaRSEBaSKSaffl33TO»KS23»aaJ^^
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%penai2c. xrv* f4earj yolk index value a£ layers as inflitenced by psrlod,, dietary
•protein an<3 €nerg^.

Perlod^
14

p3:otGln (%)
16 18 20

Energy CKoal fiis/ka
2400 2500 2600 2700

1 0-.461 0.4S5 0.4E6 0.454 :0.45S 0.45^ 0.460 0.452 0.4S7

2 -0.4S1 •• 0.438 • 0.37.9 • 0.431 • 0-.r435 • 0.333 0.437 • ©.•444 •• 0.42S

3 - 0*463 0>4S2 • 0.4S9 • 0.4S:2 0.455 • 0.4S5 • 0,.45S 0.459 • o.4m

4 • 0.442 • 0-.440' -- 0.433 •• 0..437 0.439 • 0.440 • 0,.44l • 0.430 • 0.438,

5 • 0-»4.S8 • 0.447 0.446 •• -0.434 • 0.446 0.443 0.446 • 0:.'4ai • 0*445

•e • 9»44d 0.43? 0*433 Om42S - 0.437 p.433 • 0.427 • 0.433 • a.434

7' Q*,435 • 0643S. • 0.431 • a*4i9 • ^.432: a.,430 - •0.433; 0.426 Q.43D

s 0*433 0.427 . 0..431 • •.0.42t • 0.,428' 0.430 • 0.43a - Q.,42& • 0*429

9 . 0;*.4fi3' .0.46,3 • ©•462 • 0.44-7 •0.'4S'© 0.,4S7 • 0.460 0.461 • 0.4S9-

10 0.460 0.457 0.4S4 0.441 - 0*454 0.452 0.452 • 0.455 • 0,.4S3

It • 0;«47e ^ Q...47S • 0*4SS 0.467, - 0 -.4.68 •• 0.460 - 0*477 • 0.472 • 0.471

0,*474 • -6.456 0.435 0.4S2 0:.462 0»4S2 •• 0'^4S9- • 0.4S$ 0*459

0«455 " 0.442 ••0-.,44b 0*447 ' 0.443 0.448 0.447

p*
Oi
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>

A 4 X 4 factorial trial a®slgnea to study the aietary

rsquirefnsnts? o£ protein entd energy for caged eg<j type

layerB under %h^ hot^xmi^ condifelona- of Kerala Is

presesjtsd in tills thesis* single Comb ^Jhite Leghorn

sfcraiR €Jmss pallets <lt€^ k I^p) of the mnnuthy qentre o£

J\ICRP on fio?'iitryfor Kggs £orrae<3 tJie os^fserirnsntal subjects.

Th® birds were randomly allotca to 16 dietary protsin-

snergy confi5inatipri gs-G'dps» The dietary protein l€V«l®

14^ 16#'18 ana ^ -per cent m6 that of

emrm l^vela vmm 24oo# 2500, 2600 and 27oo lo^al me per

^ Kg <3iet» Gsneral oba«rv?^tions of tHe expeririV.-Jit. wsr^
recoraea ovsr 12, 28-<Ja^ periods*

The var^iag, levels of. protein and enext^ employed in

thia at.ydy diil not have •any significant infly«nce on body

t-ieight gain* Birds fed IS per cent dietary protein had

signiiEicafitly Mgher !ie?n-iay €gg pr<Sfduotion end it was

significantly lower for biras fed 14 per cent <3ietary

protein. Egg proauctlon obs^rvad between 16 and 20 per

-c^nt and tl^at toett-^een 18 and' 20 p^r cent protein not

statistieally significant,, fien-aay egg .proauotion wa$ not,

various a4«tary energy level© employed.



.4- .

,.'V Hi;© £eea intalc^ per bird per day was oot affected

by tfiQ lewis o£ protein and energy enpIoyeicS I'R thi^ '

6.2^erifnent.« h dietary protein Isvel ©f 16, 19 and 20

per osnt showed significantly si^rlor igeiia ©fficioficy,

,whQn «3^res«!©6 both in tisjrms of fee-d i?er d©j3en eggs ©a

•®ell a.s £®c!a per Mlogsfamtne egg# Feed comrf?i?slon

e££i«i€nay was not -inClucnced by imrying emrgf lev<sls

employed. The egg weight waa signlficontly influencsed both

by protein and energy levels... However, the change ejcerte^

•due to feeding of VBrious die.tary eombinationB did not

any •definite t3?end* 'His .tnesn shell thicknes® was

ai§ni£i<^ntly infliasnced h-/ <!i€tary protein levels whereas

entJrf# '3ia pot hav« any ef£sct» There was a sifeatisticaily

signifiCQnt dscreaes in albwasn index and Haugh tinit ecore

as tn© diatasfy protein levels iiisr^assd* ITw Maugh unit

.SGore and albursT^n ind«:<5 influenced signifieantly by the

energy Xe^el tn the 6iet» His yoXk index decreasied with

Increase in protein content in the ration^ whcr«ae it wa&

ineansist^nt witli the dietary erjergy levels,* Bioehemical

parameters' swh as haeR«>glcsfein# scrum protein,, scrtara

inorganic phospiiorus and paekea csll voiurfie %-mre not

Influencea either fcy protisin or energy levels* itje iev«l

of di<atary ,protein dia not influencG the' serum lipid levels



whireas dietasy energy had influenced, c3ietary-

protein-senerg^ cc^t^binations iii the diet aigjsificantly

iniiiaQneea. liver lipid asia limr protein, ThQ

obtained an carcass analysis were ttfithift the normal

biological limits and dia s&ot shc^? any speeiSio effect ai2«)

to different dietary treatments# -Mi the bir«3® sltowea a

positive sitrogcsfj foalande irr^^epectiv© of tlie protein or

snergy le^el in the diet#

On th^ basis of theec? results it can bs inferred that

the level of dietarj^ protein m6 ^nsrgy reqiaired for

optimiim prodnKJtion for layers rais«d in cags^a are 16 per

cent and 2400 feel per kg# respsetivel.y, T?cw®ver# io

iarsctical fe^ed formulation vfimre aniino acid balancing

^spe'eiaily that oi the critioal amino aeids being a problem

in deveiopiftg QO\mtriQ& It is suggested tliat a dietary

protein l^vel of 18 ^r mnt ssan fee conssiderea as optimal.


	image16180
	image16181
	image16182
	image16183
	image16184
	image16185
	image16186
	image16187
	image16188
	image16189
	image16190
	image16191
	image16192
	image16193
	image16194
	image16195
	image16196
	image16197
	image16198
	image16199
	image16200
	image16201
	image16202
	image16203
	image16204
	image16205
	image16206
	image16207
	image16208
	image16209
	image16210
	image16211
	image16212
	image16213
	image16214
	image16215
	image16216
	image16217
	image16218
	image16219
	image16220
	image16221
	image16222
	image16223
	image16224
	image16225
	image16226
	image16227
	image16228
	image16229
	image16230
	image16231
	image16232
	image16233
	image16234
	image16235
	image16236
	image16237
	image16238
	image16239
	image16240
	image16241
	image16242
	image16243
	image16244
	image16245
	image16246
	image16247
	image16248
	image16249
	image16250
	image16251
	image16252
	image16253
	image16254
	image16255
	image16256
	image16257
	image16258
	image16259
	image16260
	image16261
	image16262
	image16263
	image16264
	image16265
	image16266
	image16267
	image16268
	image16269
	image16270
	image16271
	image16272
	image16273
	image16274
	image16275
	image16276
	image16277
	image16278
	image16279
	image16280
	image16281
	image16282
	image16283
	image16284
	image16285
	image16286
	image16287
	image16288
	image16289
	image16290
	image16291
	image16292
	image16293
	image16294
	image16295
	image16296
	image16297
	image16298
	image16299
	image16300
	image16301
	image16302
	image16303
	image16304
	image16305
	image16306
	image16307
	image16308
	image16309
	image16310
	image16311
	image16312
	image16313
	image16314
	image16315
	image16316
	image16317
	image16318
	image16319
	image16320
	image16321
	image16322
	image16323
	image16324
	image16325
	image16326
	image16327
	image16328
	image16329
	image16330
	image16331
	image16332
	image16333
	image16334
	image16335
	image16336
	image16337
	image16338
	image16339
	image16340
	image16341
	image16342
	image16343
	image16344
	image16345
	image16346
	image16347
	image16348
	image16349
	image16350
	image16351
	image16352
	image16353
	image16354
	image16355
	image16356
	image16357
	image16358
	image16359
	image16360
	image16361
	image16362
	image16363
	image16364
	image16365
	image16366

