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SUMMARY

Thís thesis is concerned wíLh two aspects of functional

effícíency in laying hens. The firsÈ is an investigation of the

rel-ationship between feed conversíon efficíency (FCE) and physíologícal

variables among several lines, generatíons and breeds of hen fed

ad Líbitwn or on restricted amounts of feed.

The second is an examinatíon of the consequences to egg shell

qual-ity of restriction of food suppl-íeil to laying hens.

Metabolíc rate, water turnover, carcass fat, plasma thyroxíne,

thyroxine secretion rate,tr'CE and boily weight were measured at various

ages in four generatíons and Ín four lines of laying hens allocated

33% less feed than ad Líbitwn. The data collected were analysed by

multiple linear regressions., The relationship between FCE (18-66 weeks)

and physiological variables in hens on restricted and ad Libitwn

feeding rìrere quantitated Ín prediction equatíons. Efficíent restricÈed

hens were observed to have lower levels of plasma thyroxine and lower body

weight than ineffícient hens on restricted intake. The efficient

hens fed ad Libitwn had higher water Ëurriover rates than the ínefficient

hens.

Four lines of hens were inbred over four generatÍons and

subjected either to 337" feed restricËion or to ad Líbitwn feeding.

Production parameters, physiological variables, body weight and shell

quality measuremenÈs (shell weiþht, she1l weight per surface area of

eEE, shell thickness¡ egg conformation and egg shell porosity) were

treated by analysís of variance. The maín poínts of interest arising

,'!
fiJ
rü

I

i

ï
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from this study were in summary:

1. FCE declined wíth inbreeding.

2. Large fluctuations in foo<I intake and egg weight occurred

between generations in some lines of birds as inbreeding

progressed.

3. A,337. feed restriction in hens resulÈed ín a marked

reduction in FCE, egg productíon, egg weight and metabolíc

rate. There was, however' a sma1l sub-group of índividual

hens that had exceptionally high FCE consíderíng the l-evel

of feed restriction. These hens produced eggs of comparable

number and qualíty Èo the fullyfedbirtls. Development of

bircls with these characteristics opens uP the possíbilÍty

of genetic selectíon.

4, There r,tas no difference bethreen the 1ínes of hens in rate of

T'rater turnover wnåtner they were fed ad. Líbitwn or restricted.

5. The most efficient line of birds on the restricted feeding

régirne exhibited the lowest thyroxine secretion rate. The

least efficient l-ine had an elevated thyroxine secretion

rate.

6. The third generation of bircls rdere the least eff Ícient of

all generations and exhibited the highest thyroxine secretion

rate and metabolic rate. Their body fat levels were also

elevated.

7. There rüas a trend toward hígher levels of plasma Ëhyroxine

as inbreeding progressed.

8. Sígnificant dífferences in shell- weíght and egg conformation

were observed among the various Iines, but there l¡rere no

*



3

I
li

differences beÈween lines in the other variables that were

,used to assess she1l strength.

9. Body weight and egg weíghË of hens rüere correl-ated with

shel1 thickness. Egg shell porosíty was posítively

correlated wíth all production variables.

10. Shel-l weights of feed restricted birds were lower than those

of hens fed ad Libítwn. There hlere no dÍfferences, however,

between hens on restricted and ad Libitum feed levels in

theír shel-l thíckness or she1l weight per surface area of

egg.

11. Diff erences between l-ines of hens in bocly weight at 6 weeks

of age were reflected in subsequent body weights at 18, 30,

42 and 66 weeks of age.

In the comparíson of genetic linesr'functional efficiencies of

three breeds of hens \Árere examined in relation- Èo four feeil intake

levels (80e. 24h-r, 90g. 24h-r, 1009. 24h-t and ad Líbítwn). Data

collected úrere treated by analysis of varíance.

There hras a difference beËween breeds in FCE. Feed levels of

8Og.24h'l and 90g. 24h-r resulted ín a decline Ín FCE for all breeds.

The least efficient breed of hen had the highest metabolic rate and

thyroxíne secretion rate. The most efficient breed of hen exhibited the

highest rdater turnover raËe and also lowest body weight at 42 anil 66

weeks of age.

Feed restríction for the breeds did not cause any declíne fn egg

shell strèngth.

h



4

DE'CLARATÏON

I hereby declare that the work presented in thfs thesís

has been carrled out by uyself, and does not incorporate'

¡ul-thout acknowledgemenL' any materíal prevíously

submitted for a Degree or Diploma in any University. To

the best of my knowledge and belÍef, Lt does not contaÍn

any material prevíously publísheil except where due

reference ís made ln the text.

PHILIP C. GLLTZ

I



5

ACKNOWLEDGEMEI\]IIS

I would ll-ke to express my sincere gratitude to Professor

I,I.V. Macfarlane for gívfng me the opporturiÍty and

encouragement Ëo conmence and complete Ëhis project' His

willlngness to share hís wide rangÍng abilitíes, knowledge

and Ídeas ín the anímal science fíel-d will- always be

remembered, for it provided me the ínspiration throughout

the duratíon of thís project. Also I would l-íke to thank

Dr. B. Iloward and Dr. B.F. Good for theÍr advice and

assistance in thís work. trIíthout the guidance and assist-

ance of Dr. R.trI. Polkínghorne, Ëhe type of analyses done

on the data col-lected would not have been attempted. His

support is graLefully acknowledged' My thanks also to

Mr. R. Connolly, Mr. J.!'I. Magarey and Miss S'P' Rowe for

their technícal assístance duríng the projecÈ'

This study !üas cormnenced under a Conmonwealth PosÈgraduaËe

scholarship awarded by the commonwealth Department of

Edueation. The flnancíal suPPort for materíal- given by

the Council of Egg Marketíng Authoríties of Austral-ia made

l_t possible to continue this project. I am grateful also

to the south Australian Department of Agrículture for theír

generous fínancial- support and for the tírne they províiled

to allow completíon of the studies.



6

INTRODUCTION

The egg poultry lndustry in western countrÍes faces lncreasing

pressures as the cost of egg productíon escalates. One of the few

means avallable for reducing the cost of egg production and ÍnprovÍng

the fLnancial return per bírd is to lower the outlay on feed, which

makes up about 60i4 of. the total cost. This has been achieved in some

fnstances by alÈeríng the composition of feed, and ín others by

restrícting the amount of feed offered Èo layíng hens. There has been

consl-derable research into resÈrictlng the feed of laying hens. The

levels of restriction have usually only been 5-10% beLow ad Libítm.

In some cases thís degree of feed resËríction has been successful, but

f¡r others egg production has been reduced. Secause of the varying

: sqccesses of restrlcted feed.ing experiments (Sykes, 1972), iÈ has been

difficulE for che commercial egg farmer to use' the practice of restricted

feecting in the laying period because of uncertaÍnty in the subsequent

. performance of hens.

For the future it seems clear that a 5-L0"Á restricËion of feed

would have only a ninor ímpact on the poultry industry. A much greater

effecÈ would result if strains of bírds !'¡ere developed that could

produce eggs efficiently on feed 1eve1s 30-40% belor¿ ad Libitwn. Only

scant information, howeverrexists on thó production performance and

effÍciency of hens subject to this amount of feed restrictíon.

Furthermore, physiological ínvestígations of indívidual hens relating

energy variables (oxygen consumption, thyroid activity, vrater turnover

and carcass fat) to efficiency and egg shel1 quality have rarely been

underÈaken. Exaurinatíon of the question of what makes one hen more

efficient than another in physiological terms, at low feed leve1s, may

give valuable informaticn to geneEicists and offer them an alternatíve

basis for selection. It may be expected that a fuller understandi.ng
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II{TRODUCTION (Cont.)

of the physiologlcal basis of egg production characters wil-1 permit

measurements to be made at an earlier pofnt 1n the series of physiological

characters culmínating in high bird efficiency'

I,Iith these considerations, the questfons proposed for Ínvestigation

uslng a llmited nunber of birds on the s¿¡me compound feed' were:

1) The relationships between feed conversíon effíciency and

physíological varíables (metabolíc rate, Ìüater turnover, carcass

fat, plasma thyroxíne, thyroxine secretion rate) f.or oå, Libittm atd

restricted feed level-s, among several línes, generatlons and breeds

of hen.

2> The consequences of severe feed restrictíon on egg shell quallty

and feed conversion efficlency in'the layíng hen.
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CHAPTER T, LITERATURE REVIEW

A. INTRODUCTION

Thís review discusses the metabolic efficiencies of adult hens.

Thel-r performance ancl characterlstics range wídel-y and many methods have

been used to measure their biological efficiency. Hence conparisons are

difficult. The variety of experlmental treatments and other environmental

variables have also contributed to the problems of tryíng to make

comparisons. It woul-d have been fortunate for poultry research if one

universal measuïe of efficiency had been adopted. In thís review only

biological efficiency i.s consídered. DefinítÍons of blological effíciency

are gÍven along wíËh some discussion on Ëheír methods of measurement and

of assessing the energy and proËein re.quirements of poultry. The

relatíonships between biologícal efficiency, production parameters'

physíological parameters and. egg shell quality, are revÍewed. The

neasurements síngled out for attentíon include feed conversíon efficiency

(FCE) in relatlon to feeil level, feed intake, egg number and egg weight.

Metabolic raËe, vrater Èurnover, total- body water as a Percentage of body

weight (carcass fat estímate), thyroxine secretion rate and plasma

thyroxine are examíneil in relaËion to egg productíon. Egg shell qual-fty

parameters, shell weíght, shell weíght per unít of surface âreaof egg'

she1l thickoess, egg conformation and egg shell porosÍty are assessed ín

relatl-on to production variables in hens.

B. EFFICIENCY OF TIIE LAYING HEN

Efficiency of the 1_aying hen may be estlmated by tr¡o maín

methods, the first usíng gross efficiency, and seconil the net effíciency.
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1. Gross Efficiency

Gross efficiency ts defined as the ratio of output in the form

of eggs to input of a stated nutríent. For lnstance, gross energetíc

efficiency is defined as that fraction of energy that a hen converts to

egg energy (ilry uratter only) and gross proteín efficiency as that

fraction of protein that a hen converts Èo egg proteín. Kleiber (1961)

states that gross protein efficiency is about 28"Á for the Leghorn adult,

producing aÈ the rate of 7O7. Lay, while consuming afeedcontainíng L67"

proteln and 37" fat. Gross energetie efficíency r^7as gíven as L3..37".

Routine measurement of gross energetic efficiency and gross Proteín

efficÍency is extremely difficult at the commercíal- level and also at the

experimental level- due to the amount of equÍpment, facilít.ies, time and

labour needed. However, one measure of gross efficiency which is simple

to obtain is feed conversion efficiency.

(a) Feed Conversíon EfficÍencv (I'CE)

Proteín effictency has been stated to be abouÈ 847" of t}:.e

FCE value and energetic efficiency about 407" of the FCE

value (Nordskog, et. aL. L972). FCE measurement is the egg

producerrs meËhod of expressing effíciency and this can be

determíned eíther direetly or índirectly. Indirect measures

depend on information on egg numberr eBB mass and body

weÍght, but dírect measures derive fron egg number¡ egg mass,

body weight anil feed consunption. Nordskog, et aL. (1969)

lndicaËed that the experímental error of dÍrect measures of

feed conversion ís higher than that of indirect measures.

The point is nade however, that individual feetl records are a

valuable asset when a total assessment of efficiency Ís made.
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(b) Direct Measures of Feed Conversion Effícíency

The nost commonly used críteríon of efficiency has been F/P

or lts recíprocal-, where F is the weight of feed ínput and P

ís the weight of resultant product. The ratio ís conrnonly

call-ed feed conversion. Because of the high correlatÍons

between produce output and feed conversíon some breeders

consider that only produce outPuÈ is worth measuring. Balloun

and Speers (1969) bred a line of Leghorn birds which produced

0.42 g of egg mass per gram of feed consurned, measured over a

25O-ð,ay test period. They concluded that thls measure of

feed conversion enabled them to disÈinguish between lÍnes of

bírds of different effíciency. The birds showing highest

efficiency were of lower body weighÈ and required less daíly

proteÍn. Similarly French(1971, reported by Nordskogret aL.

L972) used FCE as Èhe basís for his comparison when

o<arnlnlng the influence of the sex-linked dwarf gene on

efficiency.

The practíca1- poultry husbandry measure of efflciency has been

pounds of food per dozen egBS, or kílograms of food per dozen

eggs, and many research workers have also used this measure.

It is normally referred to as the feed conversíon ratío and

1s sínple to measure at the farrn level.

(c) Indirect Measures of Feed Conversion EffÍciency

Indírect measures of feed conversíon efficiency have been less

popular. The feed efficiency index, tlefineil as the ratío of

rùet egg mass produced per unít of body weÍght has been used

as an índÍrect measure (Nordskog and Festing, 1962; Casey and
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Norkskog, I97L). InËerestingly, this measure of efficiency

was used as the basís for their comparison between dífferent

ll-nes of blrds.

2. Net Effíciency

Ti¡o methods are available for estimation of neÈ effíciency, the

firsË of which is sultable only for determining the use of energy. This

involves the collection of data from birds reeeiving the same díet but

showÍng variations ln food íntake, body weighË and egg output, treated

by nultiple regression analysis. French (1969' see Nordskog, et aL.

Ig72) used this method to compare net efficíencies of three Leghorn línes.

The second method of studying neË effíciency involves the

construction of a seríes of diets wíth various limíting leve1-s of Ëhe

nutríent under study. trühen these are'eaten, the rate of response in

output can be observed directly and strains of birds compared. This

approach has been revíer¿ed by Morris (L972). A special case of the

second method of measurement of net efficiency is the use of an anímal

calorimeter. ThÍs can be used to estimate maintenance requiremenÈs by

observíng heat output at varÍous levels of energy input. For both

measurements of net efficiency, extensive experi-mental facílities are

requíred. Grímbergen (1974) rePorÈs on a number of calorímetery

investigations of poulÈry, índicatíng that efficiency of utilízation of

metabolizable energy Ís 59.5"Á. Production of body energy from

metabolÍzable energy had an effíciency of 837" ar'ð. efficiency of use of

body energy for egg production was 60%. Grirnbergen (1974) also reports

that another group of workers calculated the effÍciency of egg fat

production from netabolizable energy at 747", and efficíency of egg

protein productíon from metabolizable energy as 44%. For indusËry cheap
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and sfmple methods for measuring gross or fieÈ efficlency are required;

research \ùork shoul-d attempt to relate to these measures of efficíency'

so

c. METASOLIC RATE

The concept of basal metabol-ic rate refers to the heat productíon

per r:nit tine by an anímal in a post-absorptive state' at rest and

maintained in a therrnall-y neutral environment (Kleiber' 1961) ' The heat

produced by the laying hen derives from basal metabolism, feeding'

dfgestíonr egB producËion and activity. I^Iith birds it ís diffícult to

measure BMR since they clo not rela:< readily. Ilence birds have been

starved 24 hours before measuring heat proiluction for metabolíc rate'

The proceclures adopÈed ín the measurement of energy exchange have been

revíewed by Farrell (1974b). IÈ must also be acceoted thaÈ measurement of

metabolic rate ín hens severely interferes with normal behavioural patÈerns

and this must be noted when interpretÍng results. A great deal of emphasís

in recent years has been placed on determining the relative efficiencies

of utilÍzation of metabolizable energy by birds (Grimbergen, L974) '

PhysiologÍcal relationships befi¿een metabolic rate' procluction

parameters and efficÍency have been very little studied buÈ Èhe changes of

metabolíc rate with sizehavebeen well investígated (Kleiber, 1965)'

ComparísonsbetweenvariousresearchresultsinÈhisaÊeaare

diffícult. The number of variables almost outnumber Èhe number of research

papers, buÈ the emphasis ís on fíndíng whether dífferences in metabolic

rate of hens are due to breed, individual production perfornance or

physíological state.
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1. Metabolic Rate of the Adult Hen

Mirchell-, et aL. (L927 ) inilicate that the metabolíc rate of the

hen duríng adult l-ífe reaches an almost constant level. Barott artd

Prfngle (1946) confirmed these observations. Leeson and Porter-Srníth

(1970) observed that the metabolic rate of starved layíng hens was

sLmílar at point-of-lay and during peak-productíon. After this periotl

there üras a marked increase ín starving heat production. trrlaring and

Brown (L967) concluded that metabolic rate of hens aged 12 Èo 14 months

was little different from hens 20 months of age. As reporteil by

Balnave (1974), OtNeill (1971) measured starving heat producÈíon of

trlhite Leghorns between 12 and 25 months and found a yearly variation Ín

metabolic rate, with maxlma ín the spring and autumn. These few examples

indicate that more inforrnation on metabolic rate of bírds over a full

laying cycle and measured over " ,rni.råtsa11-y accepted set of condítions

would be useful.

2, Metabolic Rate and Rate of Egg Production

As reported by Bal-nave (L974),Gexhartz (1914) was the first to

note that the metabollc rate of egg-producing hens was 30% higher than

that of non-laying hens. lJaríng and Brown (1965) reduced this fígure to

L97" fxom theír data. Ilowever Tasakí and Sasa (1970) found thaË Ëhe

starvíng heat production of the layíng hens was 26% lnígl:,er than that of

non-laying hens. But Brody, et aL. (L932) concluded that there \{as no

marked dífference in heat productíon between good and poor layers.

tJÍnchester (1940) presented evidence whÍch can be interpreted as

fndicatíng an associatíon between metabolic rate and raÈe of egg

productíon, but Ota and McNally (1961) usíng regression analysis on the

data they obtained from caged hens, failed to find any sígnificant
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relatíonship between egg production and metabolÍc rate.

3. Me tabol-1c Rate and ?lane of Nutrition

As reported by Freeman (I971a), Tasakl and Sakurai (1969) worked

wfth two populations of hens, one of high nnetabolíc rate and the other

of low metabolic rate. The difference in meÈabolic rate between the 1ow

and high metabolÍc rate population disappeared when birds received a

maintenance rat,ion. Fron the data of Morrison and Leeson (1978) the

metabolic rate of birds allowed ad Libitun feed intake was higher Èhan

that of birds on restricted feed. llowever Balnave (1976) could detect

no differe¡rce in metabolic rate between bírds feð, ad Libí"hrn and those

on restricted intake.

4. Metabolic Rate and Breed Effects

Balnave (I974a) in a literature sunmary on breed effects and

metabolic rate, reporËs that substantíal variation occurs between

laying bírds of the same straín. The reasons ProPosed to explaín this are

orperímental error, environmental variables, biological variatÍon and

differences in maÍntenance requirements. Bergman and Snapir (1965)

observed that the starvíng metabolic rates of !{hite Leghorn 1ayíng

hens were considerably smaller than those of Plymouth Rock hens at

temperaturesabove 280C but Ëhese differences disappeared when

envíronmental temperaËures were reduced.

Lundy, Macleod and JewÍËt (1978) reported that the metabolic

rate of Babcock birils (a light-weíght sËrain) was L3% higher than that

of the heavíer tr{arren sËrain.
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5. Metabolic Rate and Feed Conversion EffíciencY

cal-verly, et aL. (1946) selected rats for feed conversíon

efficiency. They found that a strain of low efficiency had

signifícantly hígher malntenance requirements and a slíghtly hígher

basal metabolic rate than that of the nore efficíenË line.

Líttle attention, however, has been given to sËudies of the

efficíency of feed use by the layíng hen. Joshi, et aL. (1948) found

considerable variation of feed converslon effícíency among full sister

fanÍlies which raises the possibí1íty of usíng genetic selecÈíon'

Morrison and Leeson (1978) classified hens according to Èheir feed

conversion efficiency. Birds classified as effícíe¡rt or ineffícient

had comparable body weíght gains and did not differ signíficailtl-y ín

protein or fat content of their carca.sses. Ineffícíent bírds had a

signifícantl-y higher metabolic rate than efficient hens under condíÈions

of. ad. Libitwn feedíng or of. starvation.. Theír data suggest that, for

high-producíng birds, factors other Ëhan carcass síze and body

composition are responsible for the observed díffeTences ín conversion

efficlency. They observed that effícient birds were less actíve and

spefit more tíme resting and less tíme standing than ínefficíent birds '

In sumrnary, then, it is aPparent that indívidual differences in

metabolic rate do exist between hens and breeds of hens, but the extent

of variatíon and the precise reasons for variation in a fLock of hens

have not been elucídated.

6. Approaches to EnersY Metabolism

There appear to be three types of approach by ínvestígators in

this field of metabol-íc ancl energy metabolism in the bird. The first

group is interested in deflníng differences ín perforrrances of stralns
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of hen fn rel-atlon Èo gross efficiency. A second group is concerneil to

define net energy requl-rements for hens using calorÍmetric tests but

not to seek out Èhe causes of ilifferences between individual hens of

the one breed; and a thir<l grouP of workers sËudies cellular energy

metabolisn in bÍrds but does noË attempt to correlate this rüith efficíeney.

A nulti-ttisciplinary approach in this area of efficiency measuremenËs

and energy metabolism would r:ndoubtedly uncover useful inform¡tion on

control and regulation of energetic effÍciency in hens'

D. RESTRICTED FEEDING

Restricted feeding experiments r.rith the layíng hen have been a najor

line of enquiry in poultry research over recent years. The incentive to

lower feed costs has increased as feed prices have risen with inflation.

There have been wíde rangíng approaches to restricted feeding

experíments wíth Ëhe general aim of defining optimr:m energy levels and '

preventing the overconslftrPtion of feed by the laying hen. The methods

and results of some of the more relevant restríctecl feeding experíments

are revÍeweil. I{here possible analysis of food conversion effíciency in

relatíon to perfornance of birds is given.

I CriËeria for Defín ins Effectivenes s of Restricted Feeding Trials

(a) Egg Procluction

Hen-day egg production and production per cent have be.en the

most conmon measures used. Many restrícted feetlíng experíments

have aímed at redueing feed intake of layers wiËhout depressing

egg producrion. The work followed from Ëhe bel-ief that laying

hens overconsr:ned feed and excess íntake was diverted to fat

stores.
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(b) Eee trIeísht and Eee Grades

(c)

Average egg weíght and percentage of egg grades produced have

been measured. This has shown trre errect on egg welght and

distríbutÍon of egg grades when restrícting the feed of

layers. This has been necessary 1n some experíments comparíng

the economlcs of restricËed feeding versus ad Libitwn feedíng'

Feed Converslon EffÍcíencY

Three measures of efficiency have been estimated in relatíon

to restrícted f eeding versus ad Libihnn f.eed'íng. In commercial

egg production and research, general measurement has been

nade of the ngmber of kílograms of feed consumed per dozen

eggs produced. Another measure has been feed conversion

efficiency tlefineil as F/P or íts recíprocal where F Ís feed input

ín grams and P is produce outPut (eggs) in grams ' Energetic

efficiency defineil by Fn/rn or lts recíprocal where FE is gross

energy feed consumeil and PE is gïoss energy eggs produced, has

also been determined. Some workers have usecl this measure in

experlments aimed to define maintenance energy requirements of

l-aying he¡s.

2. Restrícted Feeding ín LaYeïs - Methods and Results

The two main meÈhods of feed restriction used have- been qualitaËive

feed restricËion and quantitative feed restríction'

(a) Qua l-itative Feed RestrictÍon

Four approaches have been made ín this respect:

(í) Change in nutrÍent densítY

(íi) Use of lnert fÍllers

(iff) Use of specifíc nutrient deficf-ency

(iv) Use of spectacles
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(i) Change in Nutrient Density

In the past it has been assumed that a 1-ayíng hen would

adjust her volunËary food consr:mptlon to maintain a

constant dail-y energy íntake when offered diets of

different energy density (Hil-l, L962). However, Morris

(1968) assessed, from daÈa available ín the literature and

hís own, that all strains tend to increase their energy

Íntake as the energy density of the diet increases. Some

straíns do so to a greater extent than others. Those

straíns wíth a relatively large dail-y energy íntake adjusÈ

their energy íntake less precisely than do the smaller

strains which consume less energy per day. In hís

assessment Morris (1968) demonstrated a biological

associatíon between the energy íntake of a strain and a

strainrs tendency to íncrease.íts energy intake as the

díetary ME concentration was raised. This was illustrated

dramatically also, by the work of Díllon (1974) who showed

that hens offered hígh energy diets of L2.96 - 13.79

l,Ll .Kg-l ME, consumed 8-157. more energy than those on

dlets contaíning 11.29 - 12.12 W.t<g-t ME.

(a) Eeg Nr¡nber and Dietary ME Concentration

Morris (1969) surveyed the l-iterature relating egg

production to energy density of the díet. He found in

most of the experiments that there rlas no effect upon

rate of lay of varying the energy density (excluding

diets l-ess than 10.05 M.I.Kg-t w). De Groote (1972) also

reports Èhat increasing the dietary energy concentratÍons

from 10.47 to 13.40 M.I.Kg-l ME h"d no signífícant effect

on egg number.
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(ß) Eeg trle ieht and Dietar vME Concentration

The effect of energy densíty per se oî egg weight is

uncertaln. Increases ln egg weight of the order of

l-2%, associatetl wíth feedÍng high densíty díets' have

been reported by many workers. On the other hand there

are many reports in which dletary energy 1evel had no

effect upon egg weight. Egg weíght responses ín many

instances may be confounded wíÈh the effect of

increasing concentration of essential fatty acids

(partícularly línoleic) in the clíet (Edwards and Morris'

1967; de Groote, 1972).

(y) Body I,treíeht and Die tary ME Concentration

In vier¿ of the daËa so far presented, ít 1s not

surprfsing Ëhat body weight gain by hens feil high

energy diets is greater than among those fed l-ow energy

diets.Theresponseísillustrateilforl^IhiteLeghorn

hens by the data from de Groote (L972). He founil that

most of the additional body weíght íncrease qTas probably

fat tissue, as a period of energy restrictlon resul-ted

ln a reduced proportion of bocly fat (Jalaludin, 1969 as

cited by Sykes , 1972; Hannagan anrl tr{ill-s, 1973) '

In llterature revíewed, there ís littleweighting given

to measures of efficiency in relat,ion to varíations in

energy density. One must exPect gross and net energetic

efficiency Èo. be hígher for birds able to maíntain

satisfactory egg weíght and egg production levels on

lower energY lntake.
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(fl) Use of Inert Fillers

The additlon of costly ínert fillers to diets has

fmproved feed conversion efficiency of hens, but has

íncreased total feedÍng costs (Damron and Harms, as

citecl by Robinson 1976). These authors failed to point

out however, that the improved efficÍency compensated

for increase in total feedíng costs. Jackson (L972)

compared the effects of quantitative feed restrÍctíon

wLth the use of a wood dust diluent. He índicated that

reducing the amount of food was the more effective xnethod.

Harms, et aL. (L974) have found, horrever, thaÈ sand is an

effectÍve and cheap l-nert filler for poultry dLet,s.

(rrí) Use of Sp ecific NutrienË DeficiencY

(1v)

There has been only a limíted amount of work done with

laying hens in this area. Since egg productíon ís very

se¡rsitlve to specifie nutrient defícÍencies, this offers

litt1e pronise as a means of restricting feed intake of

layers.
Use of Spectacles

Balnave (1976) reports on an experÍment by cumnÍng where

the ffelcl of view of bÍrds úras restricted by spectacles.

By thís procedure it was shown that food conversion

efficiency of laying hens. r¡as substanËia1ly improved as

well as egg output. How this occurs is not clearly

unflp¡gr-ood.
(v) Limiting the Photoperiod

BelI (1974) reporÈed that six equally spaced l0 - nLin light periods Per

24 h reduced food consurnption by l0-t2Z buË did not signíficantly affect

egg income minus food cost. Van Tienhoven and Ostrander (L976) observed

no difference in egg production or feed efficl-ency between birds on

normal light and those that received two short light periods every day'

Quantitat i veT eed Restrictíon

There have been three main methods used to restríct the feed

(b)

a',anfital-{rrp1 v-
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(i)

(íi)

(ííi)

Feedíng a fixed daflY allowance

LimiÈíng the time of feedíng

Liníting the tíme of drínking

i

(1) Feedins a Fixed Daíl-y Allowance

There have been two approaches made in thÍs context.

one group of workers estÍmated the energy reguirements

of the layíng hen for maximum egg productíon' Another

group of workers concentrated on feedíng varying degrees

of restricted daily quantítíes of feed (rationíng) and

observing the effect on egg productíon.

(o) Energy Requirements of LaY¿qg HSqe

There is a discrepancy between estímates of the amount

of energy thaË a laying hen should expend each day, based

on calorimetríc trials, and the amor¡nt of energy consumed

on average by laying hens fed ad Libítun. Grimbergen

(Ig74) said thls can be explained by dífferences ín the

methods used by workers ín their calorímetríc trials.

However, after hís work, Grímberget (L974) comnents that

a complete explanation of this discrepancy cannot yet be

given ancl furÈher research work is requfred' Under

experlmental conditions actual energy consumed by laying

hens to maintain maximum egg production has varied'

petersen (Lg7l) using lfhite T.eghorn 1-ayers ln a 4o-week

tríal, fecl wetghed quantitÍes of fooil daíly and showed

that the normal rate of lay coultl be maintaÍned with

ilaíly inputs of 1,003 KJ IE at. 26.70C arrd 1,087 KJ

ME at 100C. Supramaníam (1970) as rePortetl by Sykes

ü
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(I972) used medir:n hybríd layers over a l2-week period,

and showed that the normal rate of egg production could

be maíntaíned on a clatly intake of 1'129 ru ME. He

founil that total energeËic efficiency of hens was

fmproved at a lower ilaily inËake of 1'024 KJ ME even

though egg nurnbers were s1-ÍghÈ1-y reduced. Jalaluôin (1969)

as reported by Sykes (1972) went even further in energy

restríction, and. claimed egg production üras not reduced

when daily intake üras as low as 782 KJ ME. Jackson

(1970) using Èhe same diet formulatÍon as Jalalu¿i¡(1969)

could not achíeve maximum egg production wíth this level

of restrictÍon. Thus an optimum ME daily intake to

support maximum egg production in hens cannot yet be

gíven in vÍew of the above work.

(1r) RatÍonins

The second approaeh to restricted feeding has been the

concept of ratloníng birds to a level of feecl'intake

below that of ad Libitun feed consumptíom. Usually thís

approach has commenced after bircls have reachecl peak egg

proiluction.

Auckland and l{ilson (1975) restrícted intake of 1íght-

boclied and medium-boclied hybrid layers fxom 32'48 weeks

of age, allowed ad Libitum f.eed íntake from 48-52 weeks

of age, and then they reímposeó restrictíon from 56-68

weeks of age. .Usíng the data cl-early presented by

Auckland and !trilson (1975) feed conversion efflciency

was calcul-ated as deflned below for the period 32-68

weeks of age.

Ì
I

I

!

1!
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feed conversion effíciency (o<pressed as Z)

Total hIe t Produced )x 100%
Total I'eed Consurned (

For the light-weight strain (Ilyline 935) maximr:m feed

conversion efficíency and maximum egg proiluction was

achievecl with birds consumíng feed ad Libitwn However,

for thls strain of bírd, feed restríction f.tom I24.8 g.

Z4l;r to 11L.7 g.Z41'¡-L f eed conversion ef f íciency only

decllned by 0.47" even Ëhough production rate fell fron

82.g% to 76.L% a¡d average egg weÍght, 60.4 g' to 58'4 e'

Medlum-bodieil hybrids (Shaver 585), however, improved

in feed conversíon efficiency fron 34.8% to 36.0% with

restriction from 127 .3 g.24h-1 to 11I.7 e.24h-r '

Production rate declined fronr 73 .9% to 69.37" and egg

welght frorn 59.99. to 58.1g (Aucklancl and !üílson, L975).

In a similar experiment by Auekland and Fulton (1973)

It was demonstrated that restrictíng a light-bodiecl

hybrid (Shaver 288) f.rom 122.1 g. 24h-1 to 105 .4 e'241h-r

reduced production more' from 80 -67" to 76.5%, anil an egg

weight drop from 59.2 g to 57.7 g occurred' On the

other hand food conversíon efficíency for thís level of

restriction improved from 39.O% to 4I.97". Auckland and

Fulton (1973) comnenteil that restríction ftom L24'4 e'

24h-L rùas not successful . calcul-atecl feecl conversíon

effíciency between these two feeding l-evels shor¿ed that

wfth restrícËÍon, feed conversion efficíency I^Ias 35.O7"

conpared to ad L¿bÌ-turn level of 34.4%, btt:' with an

increased restriction to 102.3 g.24h-r,feed conversion

,f
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efficiency improved from 34.47" to 36.L%. The results

of Auckland and Fulron (1973) and Auckland and tr{ílson

(f975) are Presented in more detaíl to illustrate the

foLlowing poinËs:

(I) There are straín differences in abílity to cope

wlth restricted feedíng.

(2) Feed conversion efficiency ís sonetímes superior

even when egg production is not at its maximum

rate.

Balnave (L975) resËricted birds to 100 g.24h-r from 20,

30 and 40 weeks of age. Superíor laying performance

was obtained from birils restricted from 20 weeks of age'

ProducÈion rates were unaffected with feed restriction

but average egg rveight declined. Over the laying period

thÍs rnethod of restriction reduced total feed consumption

by IO%. I{ells (1974) ïestricted hens fron 40 weeks of

age to 76 weeks of age. Birds rùere restricted to the

38 to 4O-week level of. ad Libitwn feed intake. The data

presented by l{ells (1974) enabled the kilograms of feed

consumed per dozen eggs produced, and feed conversíon

efficiency (7") to be calculated. This method of feed

restrlction reduced the amount of feed per dozen eggs

from 1.97 kg. to 1.89 kg. and feed conversion efficiency

lmproved marginally from 34.7% to 34.97". Production Per

cent declÍned from 72.77" to 69.97" ar.d egg wefght fel1 by

approximaxely 2 g.

Ilannagan and !üills (L973) used a similar method of feed



25

restriction to that of lfells (L974). Egg production

was not adversel-y affected', although percentage of

large eggs r¡ras reduced by L57". Feed conversion

efficiency lras improved however, by an estimated 102'

Snetsinger and Zí.mrnerman (L974) conducted tests with

hens from 42-70 weeks of age. They presented data

showfng lmprovement in feed conversíon efficiency from

42.O% to 45.9% with feed restriction of 6-LO%. tfhere

the feed límitation nas I0% or 1ess, a1l- straíns of hens

tesÈed showed no significant depression in egg productÍon;

but, in nost cases there rüas a slight reduction in egg

size.

Some workers have restricted feecl intake of layers from

potnt of lay. Balnave (I974b) uslng medium-bodied and

llght-bodied strains of hen,r' restricted feed inËake by

L47" ín the 1ayíng period. There was a 9.7% redvction Ín

egg production and egg weight r,¡as reduced by L.7%. Feed

conversion efficíency r{as ímproved by nearly L% wit}:l f.eeð.

restrictíon. SÍmílarly l^Ialter and Aitken (1961) using

Single Courb Leghorns and Red Cross Hylines demonstrat,ed

that a feed restriction of 12% 1n the layíng period

caused an 87. drop in egg production. The amount of feed

consr¡red per dozen eggs r,tras improved Ín the restricted

hens.

Gerry and MuÍr (1972) restricted birds to 90% of- Ehe

feed which had been eaten the previous r^reek. ?roduction

rates declined but measured kilograms of feed consr¡ned
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per dozen eggs Produced \¡ras improved !üith restrictlon-

McMahonret aL. (L974> using cross-breed layers which

were 6% resÈrÍcted in the laying perlod, found that

these hens producecl a larger number of eggs of larger

egg size. Feed conversion effíciency improved from

33.2"/" to 36.6%.

(iíi) Límít ins the Time of Feedíne

Burmester and Card (1939) and Cherry (1959) found

thaÈ egg productlon fel1 if hens received l-ess than 6-8 h

of mash feeding-Èirne per day. Thís was confírmed by

McGinnís and Dronowatt (L967>. Using sÍng1e feeding

periods of 4 ancl 6 h per day, they founcl that feed íntake

was reduced 10 a¡d L5"/" respectívely. Egg weight and egg

productÍon rüere also reduced. BeLL (L972, as rePorted by '

Snetsinger and Zimmerman, L974) found that al-l-owing hens

access to feed, for 10 rnin Ín every 4 h, reduced

feed consumpËion 207", but egg production was on1-y reduced

by 5-9% between repl-icates. Ilowever Pope (L97I, reported

also by Snetsinger and Zimmermanrl9T4) found an improvement

of 6"Á ln feed conversion efficíency wíth a 7.5% reduction

ln feed intake by restricting hens to 3 one-hour feeding

periods per day. Egg production \¡Ias reported Èo be

unaffected, but egg weight vlas reduced. PoLin and tr{olford

(1972, L973) achieved an increase in neÈ energetic

efficfency with síngle or multíple feeding períods of 5 h

or less per day, even though production rate f.eLL L07"

and average egg weÍghË clecreased.
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SnetsingerandZimmerman(1974)founilthatsíngle

feedíng periods of 4h and 6h per day depressed egg

productíon by 4 .7% arrð' egg weight by 3'27"' But when

hens were gi-ven access to food for th per day they

showed normal rates of egg production, even though feed

Lntake was reduced by 10%. Balnave (L975) coÍments

however, "It appears Ëhat feecling time has to be reduced

to approxfmately 4h <laíly before a reduction of LO-I17

in food intake occurs and with these short feedíng

perlods, possíble over-restríction ís a constant

problem. "

In a fielil trial snetsinger and Zirmerman (1974)

showed that groups of' hens which had Ëheir feeders

covered for periocls of 7h or 5h had approximaÈely a

6%anð.57.feed,restríctionresPectÍvely'ProducÈíonwas

unaffecteil and there was only a small egg size loss'

tlells (Lg74) usíng birds 40 weeks of age reduced

time avallable for feeding to Èwo separate 2h perlods

over 20 weeks of lay. Feed intake was reduceil by L3-L57"

and productíon fe1l by 6.2%. There lüas a margÍnal

deterioratíon in amount of feed consumecl per dozen eggs

produced. IncontrasËrswanson and Johnson (1975) found

that hens linited to 3 one-hour feeding periods per day

consr¡med L2.8% l-ess feed and rate of lay declined only

by l-2%. Feed consumed per dozen eggs produced was

considerably imProved.
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(iv) Linítine the Tíme of Drinking

I'faxv¡ell- and Lyle (L957), using 2O-week old hens

ln a 6-week trial, restricted water to 3 perlods of

15-min each day. Wíth water restríction there r{as

an ímprovement ín egg productlon from 79'47" to 82'3%'

The m:mber of kilograms of feed consumed per dozen eggs

produced was ímprovetl by an estimated 57"' Muir and

Gerry (1976) found on1-y marginal ímprovement ín egg

production when r^later was suppl-íetl in 4 periods of

l5-urin per day' comPared r¿ith ad Libítwn water supply'

Feed intake was slíght1-y lor¿er for the restrÍcted

group, but the feed consumptíon Per dozen eggs produced

was improved by 2.27". Híl-l and Richards (1975) found

that restricting birds to 5 periods of 25-min ímproved

the feed coäsr:med per dozen eggs, compared Èo groups of

blrds on unrestricted rüater. Spillet, et aL' (L973)

conducted a tríal which showed that birds restricËed to

5 periods of l5-urin watering per day ate less but egg

productíon riras the same as among unrestricted controls.

In a further tríal Spiller, et aL. (L976) observed a

decrease ln egg proiluction per hen day and in feed

consumptíon, when htater was supplíecl in 2 períods of

'lh and 3 periods ôf 15 mín daily' No estímates of

efficiency between restricted and unrestricted groups

were given. In another grouP of. experíments however,

Spiller, et aL. (1976), using birds of different ages'

found that production Z, average egg weÍght and feed

conversion efficiency were superior ín hens restricted
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to 5 periods of 15 min , compared to birds on

unrestricted water, allowed th water per day, 15

min per day, and 3 periocls of 15 min per day. Hill

and Richarcls (L975) also conducted a seríes of

experiments wíth hens of different ages. Water for

bircls was limited to 25-min periods 5 times per day.

The results are conflicting. Nevertheless, the best

results were obtained from a grouP of hens on restricËed

water, from 41 weeks of age to end of lay. Production

percent íurproved from 67.7% to 70.5i¿ and feed conversÍon

efffciency rose from 33.67" to 35.67". BÍrds on restricted

nater from poínt-of-lay to 61 weeks of age layed'. fewer

eggs but feed conversion efficiency rnras the same as the

control group.

3. Phvsioloev of Feed Restriction

It has been suggested by Gowe, et aL. (1960) and Hollandsand Gowe

(1961) thaË when the feed of a bird is restrícted before maturíty, the

restrictíon acts as a mild stress whích stímulates enlargement of

endocrine glands. After maturity wt.en ad Libitwn feedíng ís all-owed,

the stress is no longer present and the hens responil by achieving a

higher rate of egg procluction and greater resistance to environmental

stress. Fuller and Dunahoo (L962) reported a significantly lower metabolic

rate which r¡as sÈi1l evident up Ëo 52 weeks of age Ín pul-lets reared on

limitecl food. 'This could be a form of accliuatization or habituation.

The rnost severelevels of restriction during rearíng produced the lowest

metabolíc rate. The polnt of this work is that restrÍction iluring pullet

gro\{th produces a more responsíve physiologícal and reproductive setting
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in bírds for superior performance as adults. Those birds noË

restrícted as pullets and achieving superior performance with feed

restriction as adult hens may have unknowingly been restricted as

pul1-et s .

4. Interpretation o f Restricted Feeding Trials

There are many cliffículËíes when attempting to assess the

literaÈure conceïning restricted feeding in layíng hens. These can be

sunmarízed as follows:

(a) AssessmenÈ Different production and efficiency variables have

been used to assess the performance of birds

subjected to restricted feedíng.

(b) Food Components In some experiments both energy and protein has

(c) Food Qualíty

been resÈrícted but in others only one of these

nutrlents has been varied.

Rations formulated for restrÍcted feedíng ËrÍals

have varíed in componenË type, and hence quality.

Different time periods over the henfs layíng cycle

have been used to restrict the feed.

(d) Methods of Numerous methods have been used to restríct Ëhe

Restríctíon feed of hens leading to difficultíes in interpreting

results beÈween methods.

Many different strains of hens have been used in

restríctecl feeding experiments. It is probable

that the genetic differences beÈween these strains

in efficiency of protein and energy utíIízation has

lead to different performances.

e) Strains of
Bird

(
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It would appear that if protein anil energy resPonse curves rrere

established for each of the major strains of hen over their laying

cycle that restricted feeding experiments could be centred more closely

around the established optímum levels of energy and protein for each

straín.

E. PROTEIN REQUIREMENTS OF T{ENS

In ccinsídering the protein requirements of l-aying hens Ít is clear

that factors such as energy content of the diet, Ëemperature and stress

alter feed intake and influence the level of dietary protein required.

Such factors also influence the level of food intake.

1. Crude ProÈein Requirements

The protein requirements of laying hens has been one of the most

widely studied subjecÈs Ín poultry nutriËíon. Defíning the optimal

amount and qualiÈy of protein is dífficult because it is affectecl by the

size of the hen, rate of egg productíon, eBB síze, season and envíronment.

Expressed as a percentage of the dry matter of the food the proteín needs of

the laying hen have variously been reported from as 1ow'as 1I to L27. of

feed mass, to as high as 18 to 2014.

' All of these estÍmates are val-itl for particular condit,ions.

Milton and Ingram (1957) reporÈed rt,at L87" protein vras superior to 14 ot

L67. for egg yield. Ilochreich, et aL. (1958) showed that a l-evel of I77"

protein ín the diet was requÍ-red to mai.ntain maximum egg production. Frank

and Ífaíbel (1960) presented data showirtg I57" proteín to be sufficíent for

laying hens. Thornton, et aL. (1957) Índicated that a L3"t! protein leveL

rnight be sufficient to support egg procluction when hens were maintained

in cages. In support of this, Míller, et aL. (1957) obtained good egg

prorl,.uction wiÈh diets containing 12.5 to 13% protein. However, Talley
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and Sanford (1966) using levels of. 14, 15, 16, 18% protein found the

higher levels of proËeín enhanced performance in the presence of high

air temperatures. Quisenberry (1965) presented evídence showing

that reduced protein levels - as the egg production period advanced -

caused a decrease ín body welght, buÈ an irrcreased rate of laying' Bray

and Gessel (1961') showed that when the daily protein íntake of hens fell

below 12 g, egg production decreased' either simultaneously or during

the following period.

Fernandiz, et aL. (1973) reported that a diet contai:ning I37"

protein anil supplemenÈed with lysine and methionine I¡Ias as effective as

levels of 15, 17 ánd 18% protein for supportiIìg egg production. Hens

consumed equal amounËs of feed that were essenËíally isocaloric diets

vrÍth different levels of protein.

From the available evidence it is very iliffícult to define the

protein requirements for optimal egg production. A knowledge ís requíred

of the patÈeïn of feed consumption, the relation betrn¡een egg production

rate and daily protein requiremmÈ, to formulate a diet to meet the

requiremenÈs under varying conditions.

2. Prote in Reouírements of Strains

Líttle anaLysis of protein requirements of sËraíns of birds or

of individual variations have been r:nderÈaken. Summers (I967) conments

however, that clifferences in proteín requirements appearing in Èhe

1íterature can be explained by differences attributable to strains'

Harms and lfaldroup ( 1962) reported a signífÍcant sËraín x protein level

lnteraction, on the other hand for egg production r^rhen Ëwo similar

strains of llhite Leghorn pullets were fed 13, 15 or L7% crude protein.
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The response to different protein intakes was identÍcal for the strains,

and interacËion arose because of clifferent responses in food intake.

Sharpe and Morris (1965) compared responses'in a Rhode Island Red x

Light Sussex strain and a small ![hite Leghorn-type hybrid. These strains

díffered in egg output and also in body weight. The heavier cross bred

strain produced less output of egg for the same amount of protein and

this r¿as assumed to be due to Èheir el<tra growth requirements. Moreng,

et aL. (1964) found that a hígh boily weight strain made more efficienÈ

use of díetary protein for egg production than 3 Iíghter strains. A

difference of proteÍn requíremsrts between dífferent strains of llhite

Leghorn hens was found by Speers and Balloun (1967) when one strain did

well- on a 13% dieÈ, a second strain requíred 15% protein and a third

strain required a 17% proteín feed for maxímum egg production.

The experiments of Lillie and Denton (1967) with Leghorn pullets

fed three levels of protein 1,0, I2.5 and l5%, indicated that the higher

the protein level, the greater the egg productíon and body weighÈ gain.

Ilubbell, et aL. (f968) studied individually cageil Leghorn hens and found

that slgnifícant differences in proÈein consumptÍon tüere reflected in. egg

production. The layíng studies of Hr:nt and Aitken (1970) lüith 3

commercial Leghorn laying strains fed 4 dífferent protein levels (11,

13, 15, 17%)showed that egg productíon was adversely affected by feeding

at LI7, and, I37" protein levels, while bírds on L5"/" and 17% were comparable

in egg producÈíon. It was evldent that egg produetion results were

affected by strain. Feed consumption riras influenced by energy intake

rather than strain. Adamsret a.L. (1970) carried out a layíng experiment

wtth Leghorn hens fed a constant protein level of 18/" versus varíable

protein diets of l4Z, L6i¿ and I8it. There îras no clifference in feed

conversion beËween the two different feeding prograrmies. Proteín
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consumption never dropped below L7 g. 24h-t.

trlhether all observed breed difference can be accounted for in

terms of different outputs is not clear. Most differences can be

expl_ained in this way although a notable exception was one of 4

straíns studied by Moreng, et aL. (L964) which showed a very high

efficiency of protein utilization. Reasons for this hígh efficiency of

protein utílization are not clear, however. !trhether there is any

residual gmetic variation in net protein utilization is not clear from

the existing evídence. Comparison of lndividual hens on lírníted protein

Íntake, in egg produeËi-on ability and net protein utílízatíon has been

investigated, but all information has been pooled for analysis.

F. I,üATER METABOLISM IN BIRDS

lJater Ís by far the largest sÍngle constituent in the body of

birds. Although by weight âbird ís 60-757" hrater, the molar composition

is even greater. By number there are 997" of water molecules in the body'

and less thar, I% of fats, carbohydrates, proteíns and electrolytes. For

thi-s reason alone, water musÈ stand as one of the most Írnportant nutrients.

There have been limiÈed sÈudíes on rnrater use by domestic poultry.

Most of the work has been restricted to direcÈ measurements of water

intake. However, the metabolism and balance of body waËer in the hen has

generally been disregarded as a factor for study ín identifying

relationships Ín Ëhe hen.

1. l,Iater Use by Birds

The maintenance of body water equil-ibrium ís ilependanÈ on Iüater

intake, metabolic Itater and dietary hrater on the positive side anil

excreta rilater, evaporative lvater and egg water on the negative side.



Homeostatic conËrols maintain a nearly constant 1evel of body l^Iater.

Changes in water balance rnay reflect a change in metabolíc status of

the bird.

(a) Metabolic lJater
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In the bird, T.rtater is produced from the oxidation of hydrogen ín

protefn, carbohydrate and fat. Some wateï appears also duríng

synthesis involving acids and bases. Thís \^tater contributes

approxÍmately 207" Èo the body water pool (Leeson, et aL. 1976).

Dietary l,trater

PouJ-try rations conÈain abouË 5-157" vrater' while most complete

diets comprise approximately 107" watet. Birds in runs eatlng

ínsects or Tdorms obtain hígher ProPoïtíons of r¡Iater fronr food (ZO -

80% waËer). This water is present in both biologícally active and

structural forms (Karamas, 1973) .

Drinkins Lrlater

tlater obtained through drÍnking contríbuËes approximately 707" to

the bocly r,Iater pool ín birds (Leeson, et aL. 1976) .

For bírds, hrater intake íncreases wíÈh age, but consumption per

unit of body weight decreases wíth age (Medway and Kare, 1959).

Anderson and Hill (L967) amongst others have shown that food and

water intake are linearly related ín bírds. trlhen the supply of

food was resÈricted, however, Ëhe consunrption of vraÈer intake was

not correspondingly altered. In conËrast, sheep reduce food

lntake if v¡ater is not avaílabl-e and drink less water if the food

consumption is low (Clark and Quin, 1949). Drinking behavlour ín

the rumínant is mediated by the cortex, limbic area and venËral

hyporhalamus (Morgane, 1969) while in birds tr{agner (L964) showed

that drínking behaviour htas associated with control centres'in

(b)

(c)
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the hypothalamus.

The ratio of water:food íngested by the hen increases with

temperarure. Budgell (1970) described three hypotheses to explaín the

re1atíonship between water intake and environmental temPerature.

(i) Stiurulation of hrater intake at high temperatures due to

the local dryness of oropharyngeal receptors.

(Íi) Systemi-c dehYdration

(Íii) Alteration in ternperature of hypothalamus due to temperature

peT se,

At cold envíronmental temperatures, vlater intake is reduceil

(Parker, et aL. L972).

2. I^Iater Loss by Birds

The excreta of 1-aying hens contains about 807" I¿üater (Anclerson

and Hill, 1967). The quantity of water excreted as uríne is four

tÍnes less than the vrater excreted in faeces (Dicker and Haslam, 1972) -

These authors presentecl results whÍch índicate that considerable

quantíties of waËer are absorbed by the intestínal epíthelíum. üIater

ís lost in birds through the bocly surface and by evaporatÍon from the

moist surface of the respiratory tract. The evaporative rate ís

proportional to the respiratory rate. In bírds 5O7" of. total heat loss

(through evaporation) rnay occur at environmental temperatures arounC

350 c (Kerstens, 1964 see Leeson, et aL. 1976) -

3 llater Balance and Turnover Studies ín Birds

Younger bircls have a greater proportíon of body $Iater than fatter

mature bircls. Lopez, et aL. (1973) recorded values of 57 arrd 767" (of
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body weight) for 7-year-old hens and S-month-old pu1lets. Farrell

(L974) found that the mean naÈer conÈent of 8-week-old meat birds was

62.5"/. (of body weight) while Farrell and Balnave (1977) recorded a

consLderable range in body !,rater content, from 40-597" (ot body weight)

for hens ranging in age from 6 nonths to 2 years.

As hens age there ls an lncrease in theÍr body weight, but a decrease

fn their TBI^I as Z of body weight. Body water and body fat are negatively

correlated (Farrell, L974 and Farrell and Balnave, 1977) indicating thaÈ as

blrds age there is an increase in the proportion of body fat, indirectly

fndlcaÈed by TBI^I esÈimates.

There ís increased fat deposition wÍth age since body fat and

body waËer are negatively correlated (þ¿¡¡s11, L974 arrd Farrell and

Bal-nave, L977 )

By use of tritiated water the rate of water turnover 1n the hen

can be measured and this was used by Chapman and Mihai (1972) who

sho¡'red that the laying hen had a greater rüater turnover than the non-

laying bird. Also watet Èurnover in the laying bird is greater than

that recorded for the adult male bird (Chapman and Black, L967).

Chapman and Black (1967) indicated that water turnover in the hen was

not correlated with egg production, but it is apparent that egg formation

must affect hrater loss from the bocly.

The formaÈion of an egg involves,the synthesis and transportaÈíon

of considerable quantities of proteins across the wal1s of the oviduct.

In part at least, thís material Ís derived from the increased food

consumed during the egg-forming period (Morris and Taylor, 1967). The

fncreased denrand for raw materials requires additional measures for

transportation and dictate that fluid ingestion should also be increased.

Howard (1975) found thaË water intake increased about 12 h before

oviposítion and rose steadily about 2 h before 1-ay and then fell sharplir.

A1 terations in the water content of the oviduct Ì.rere not sufficient to
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explaín the increased water íntake. Total body weight remaíned constant

inspíte of the consumption of the a¿lditíonal r^7ater. In view of these

fíntlings Howard (1975) suggested that water has a metabolic role, as iË

was not retained as a net fl-uid surplus.

Macfarlane, et aL. (1974) have found that the amounts of energy

and water passing through a manrnal are linked, and their turnover raËe

Ís ínfluenced by genotype, food, environmental temperature and age.

Macfarlane, et aL. (1966) and Graham (1968) showed that there r¡Ias a

genetÍc relationshíp between yield of wool from selected sheep and

their rüater inËake. Ten years of selection for higher wool yíeld

resulted in selecteil anÍmals passilg through 13% urore water than

unselectecl controls. It has been proposed that layíng hens should

also be selected ori a water ínÈake basis (Lífschitz, et aL. 1967).

lfacfarlane, et aL. (L974) has reported thaË within a breed or species

of mammals there is a rang. åt Uott polymorphism and polyfunctÍonalism.

The range of water turnover ín sheep for instance is 207" above and

below the average turnover rate of a fl-ock. Macfarlane, et aL. (L974)

suggest that ít may be possible to segregaÈe famílíes with low rates

of waÈer use from those with high rates. It would aPPear thaË thís

approach in hens would also be valuable.

4. In IlLuo Body Fat Estimates in Birds

Various techniques have been used to estimate bocly composition

in oiuo, but one of the most reliable rnethods has been the measurement

of the distríbutíon space of water using tritiated q/ater. Farrell-

(1974) used tritiated waÈer to predíct boily \^rater space, enabling body

fat to be estirnated in poultry. Comparison between determínecl body
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water conÈent and tritiated r"rater space showed that the former was

overestÍrated on average by I87". Farrell and Balnave (1977) reduced

this fígure to L57".

In cattle Macfarlane, et aL. (L974) report, however, that

trltÍated hrater gives about a 47" greater esËímate of total- body water

than ís obtained by dehyclration.

Farrell and Balnave (1977) used periods of 24 h and 2L h for

withdrawäl of foocl and water respecÈively before injectíon of trÍtiated

water. Ilowever, Panaretto (1968) founil in Èhe comparatively much

larger rumÍnant anímals that a 24-h period without food or \ârater rüas

suffícient. Hence in poultry only a few hours wíthout food or watàr

would be necessary. Farrell and Balnave (1977) presented a regression

equation predicting fat relative to determíned fat - this equatíon rvas

based on values deríved from 16 hens which had been restrícted in food

intake duri.ng growth and either resÈrícted or fed ad Libitun during

lay. As a result a wiile range of bocly weíght and fat contents qras

obtaíned. Ilowever, they clicl not seek to relate the predícted fat

measurements to performance or efficíency of the hens.

5. Body Fat and Efficiency of Birds

, Farrell (L974a) produced results r¡ith broíler chickens showing

that the percentage of body fat increased with an increase in dietary

energy content. !,Iater contenÈ of chickens declineil with increasíng

dietary energy concentraÈion. The energy stored as fat also íncreased

wíth increasing concenÈration of dieÈary energy as clicl energy content

of the carcass. Food conversion ratío declíned wíth íncreasing dietary

energy coricentratíon. Neill, et aL. (I977) slaughtered hens for carcass
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analyses after they hacl reached a specific, stage of their physiological

developmenÈ. Birds rùith higher amounts of accuuúlated fat, tended to

consume more food prior to and subsequent to their first egg, wiÈh a

consequent detrímental effect on efficiency of food utilization.

G. ROLE OF TITYROID HORMONES IN BIRDS

The thyroid has two broad spheres of functÍon - regulation of

metabolism and anabolism.

1. Metabolic Effects of Thyroid Hormones

In the adult warm-blooded animal thyroid hormone regulates the

level of metabolic activity. Administratíon of thyroid hormone íncreases

oxygen consumpÈíon and heaÈ productíon and accelerates the metabolism

of carbohydrates, proteins and fats. Not all tissues resPond to thyroid

hormone by an increase in energy metabolism. The brain, gonads and

certain accessory sex organs, lynph nodes, spleen, Èhymus and dermis

are unresponsive (Barker and Klítgaard, 1952). Thís suggests that

thyroid hormones have nultíple and variable acÈions on tissues.

Thyroxine (T+) and triíodothyronine (Ta) have been shown to

increase rectal temperaËure rrhen a chícken is maintained in a thermally

neutral environment, and thyroid hormones reduce Èhe hypothermia that

develops duríng exposure to cold (Treeman, 1971b). Símilarly, hyoothermic

chÍcks have an impaired thermogenic response (Freeman, 197lb). Very ferv

data exist on the effects of thyroid activity on metabolic rate in birds.

The injecÈion of Ta inÈo chíeks resulted in a rise of metabolic rate of

on1-y short duration, probably because of the rapid rate of destrucÈion

of thyroid hormones in the bircl (Singh, et aL. 1968). It would



1l

4L

appear líkel-y, however, that birds and manrnals are simílar fn their

thyroid response to environmental temperature' a function whích is

part of the complo< thermo-regulatory mechanísm ín endotherms.

Admínístration of T3 Ëo hens results ín an increased rate of

incorporation of both methionine and lysine into egg albumen in dwarf

hens, hrhereas an increased raËe for lysine only was noted in normal

hens. Administration of T+ to hens resulted in a decreased íncorporation

of both methioníne and l-ysine in normal hens, but in dwarf hens the

decrease in rate of incorporat,ion was found only for methioníne

(Grandhi, et aL. 1975).

In mammals carbohyilrate, lipid, protein, vitamin, l¡ater

metabolism and neural actíviÈy are ínfluencerl by the thyroitl hormones

but in birds, information on the role of the thyroid ín these areas of

metabolísm is inadequate.
f

2. Anabolic Regulation

Regulatíon of anabolism invol-ves growth and developmental

dífferentiatíon in the bircl. The thyroid is one of the earlíest

endocríne glands to develop ín the chick embryo. The tissues of the

enbryo are sensitive to thyroid hormone since duration of incubation

and time of hatching can be affectecl by injectÍng thyroicl hormone

(Ronranoff and Laufer, 1956 as cíted by Falconer, l97L) -

Beyer (1952) showeil that there üras an íncrease ín chicken weight

after treatment of the egg with thyroxine. It aPpears that moderate

lncreases in available thyroid hormone in chickens will accelerate

growth. Thyroid hormone requirernent for growth and developmenÈ is

v
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shohrn mosË dramatically in metamorphosing amphibíans. Thyroid hormone

stimulates protein synthesis, íncluding formatíon of ne$r proteins and

inhibÍts synthesis of some previously produced proteíns, in specific

areas of the boily (Frieden, 1967).

In manunals normal gro\4rth requires the combined action of both

growth hormone and the thyroid hormones (Lostroh and Li, 1958; Pindborg,

et aL. 1957). This type of relatíonship is also probable in chickens,

sínce goitrogen-treated chicks, with no hormone supplementation, have

a very poor groqrth rate.

3. Hormones of the Thyroíd Gland

The thyroid glands in birds produces two major hormones -

tetraiodothyronine (thyroxine (T4) ) and Èrl-iodothyronine (T3) which are

both lodíne containing amíno acids. In 1914 Kenilall first isolated

thyroxine ín mammals and Gross and Leblond (1951) detected iodide,

thyroxíne, monoiodotyrosine and diiodotyrosíne in thyroid gland

er(tracts, but they were unable to detect a substance designated as

"compound number I'r. Subsequently Gross and Pitt-Rivers (L952)

established that the unkno\nm "compound number 1" was tríiodothyronine.

In mammalÍ-an systems approximately four-fifths of the

extrathyroídal body pool of T3 is derÍved fron the peripheral

nonodeiodination of T¡+ (Surks, et aL. i973) .

This process of deiodination is finely regulated giving rise to

elther Ts or reverse T3. In man caloric restriction results ín a

reduction ín serum T3 and a reciprocal íncrease in reverse Ts (Spaulding,

et aL. L976). Sínce Ta ls more actíve than T¡+ in man and reverse Ts is

,.I
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essentially ínactive, feeil restríction aPPears to shunt T4 metabolism

from activating to inactivating Pathways. In birds Ta has the same

potency as T3 and the conversíon of Ta to reverse T3 may' also be

favoured by dietary restriction. In bírds plasma T+ ínítíally decreases

wÍth removal of feed but then increases after 6 days of feed withdrawal.

Ts levels remain constant throughout feed withdrawal períod. Resumption

of feedíng results ín a decrease ín Tq and íncrease in T3 (Brake, et aL'

IgTg). Brake and Thaxton (1979b) observed that the increase in T4 vras

coincídent with a loss of ovarian weight, and presumably function, adding

further evídence to the postulated ínverse thyroicl-gonad relationship

ln domestic bird species (B:utger, et a,L. 1962; Jallageas and Assenmacher,

1974) .

PerÍpheral generatíon of T3 ma)r play a central role in the

mediation of the biol-ogíc activity of thyroid hormone. Some invesËigators

have concluded that Tq does not. have intrínsic hornonal- activity and may

be consÍdered as a pro-hornone (Oppenheimer, et aL. 1972b; Ingbar and

Braverman, Ig75). Other workers however' still supPort the argument for

a direcL biologicalactíon of T¡ when using the pituitary as the guage

(Chopra, et aL. lg75b, Fukuda, et aL. L975 and Refetoff, et aL. 1976).

The hormones T+ and Tg in birds are bound to albr:min

and pre-alburnin-like components. : The ioncentration of

círculating thyroid hormones in the bird expressed as protein bound

lodine dl-l varles between I and 2 pg in untreated adul-t bírds, which

is lower than the amount usual-ly found in plasrna of domestíc mannnals

or man (Singh, et aL. 1967).

I
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Mammalian plasrna conÈains an c[2 globulín which selecÈively bíncls

T¡ and T3 and normally carries the major proportion of clrculating

thyroíd hormones. Thís is absent in avian blood, which ËransPorts

thyroíd hormones free in solution and loosely bouncl to albumin and pre-

albr¡¡nin (Tata and Shellabarger, 1959). As a consequence of the reduced

thyroíd hormone bínding in avian blood, Ta and T3 in bírds have

relaËively shorter half líve" (a%) than in mammals. Heninger and

Neqrcomer (Lg64) reported mean half lives of 4.9 and 3.9 h for Ta and

T3 respectively in the cardiac tissue of chickens. These values are

simílar to the t, observed by Singh, et aL. (1967). In conÈrast with

these results, Tata and Shellabarger (1959) reported mean tt4 values

for both T3 and Ta in chickens of 22.5h. In chickens exposed to a

range of environmental conditions Hendrich and Turner (1967) rePorted

t1_ values ranging from 7.0 to 14.8 h. Increased plasma radio-activity
2

for¡¿ in cardiac blood relative to venous blood probably accounts for

the discrepancy observed ín reporËs of the t, values of T+ and T3

(Singh, et aL. L967).

In contrast to rnammals, the biological activity of T3 is equal

to that of Th in birds (Tata ancl Shellabarger, 1959) but reporÈs about

the proportions of T3 and T4 that are actually metabolízed have been

conflicting. I^lentworth and Mellen (1961) found that the T3:T+ ratio

was 40:60 ín the blood of chickens, Ëurkeys and ducks. V1íjn (1958

see Singh, et aL. 1967) reported the ratio T3:T+ as 3:20, buÈ Sadovsky

and Bensacloun (1970) separated the plasma ioilohormonesby thin layer

chromotography, and found that the Tg:Tr+ ratio changed aË various Èímes

of the day due to alterations of the T3 level. Tg at 1600 h accounted

f.or 68i[ of the total íodohormones.

N
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Grandhi and Brown (1975) observed changes in the proportions of

T3 and Tr+(Ts:T4) at dífferent ages ln both dwarf and normal hens. The

relative amounts of Tg compared wíth Ta indicated that there vüas a

marked decline in the relative amounts of Ta Present. As the birds

approached sexual maturity the synthesís of Ts increased sharply so

that the ratío of T3:Tq became àpproximately 15:1. This r.¡as in contrasÈ

to the Ts:T+ ratio of younger birds which r¿as 0.72L.

As Ts has a body distribution space which ís sígnifícantly

higher than T¡+, and a bíologÍcal half life sírnilar Ëo T4, these properties

probably make it the important component of the output of the chicke,n

thyroid gland.

4. Mechanism of Action of the Thyroíd Hormones

Knowledge of thyroid honnone action aÈ the cellular leve1 in

the fowl is inadequate and few experimental data exist on the mode of

action of thyroid hormones in birds. Although thyroid hormone action

and metabolism ín birds should be examined independently of maumals,

many of the principles of hormone actíon in mammals should apply in

bírds.

(a) Cellular Transport

Thyroid hormone increases the uptake of some amíno-acids

and carbohydrates by cells (Golilfine, et aL. 1975) which rnay

dlrecÈ1-y alÈer metabolic processes. In theír w¿rk wíth chickens Segal,

et aL. (L975) showed that the f.irst effect of thyroíd honnones is

índependent of protein synthesÍs and may have a direct effect on the

activity of specific carriers on the membrane. The second aetÍon of
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the thyroíd hormones probably results ín an increased synthesis of

membrane carriers.

(b) Enzr,¡me Activity

Thyroicl ho:¡rones inhíbit the activity of a number of

dehydrogenases e.g. 15t hydroxyprostaglandin dehydrogenase (Tai, et aL.

L974) alËhough the mechanism of thís effect ís noÈ clearly understood.

However, interference with coenz)nne or substrate binding may be involved

in the meehanism. The Ëhyroíil hor:rnones may affect enzyme activity by

dÍrectly binding to the enzyme molecule (Iloch, 1974). There is also

synthesís of the enz)¡mes active in oxÍdative phosphorylation.

(c) Calorigenesis

It was in the 1950rs considered that thryoid hormones íncrease

BMR by influencing runcouplingt of oxidatíve phosphorylation, decreasing

the yield of oxidative phosphorylation and giving rise to an increase

Ín oxygen consumption. On the other hand, thyroid hormone can increase

oxidation in the presence of normal phosphorylatíon. This has been ca1led

tloose couplingr and represents a high respiration rate Índependent of

the availability in ADP (Hoch, 1962, L974). Several theoríes have been

proposed to e<plaín the increase in metabolic rate brought about by

thyroíd hormones.

(r) Effects on Mitochondria

There is evidence thaÈ thyroíd hormones interact directly

with mitochondria and that subsequent changes at the tíssue

level include alterations in oxygen consumption' and enzyme

activity. The main effect is the nodification of the

turnover of mítochondrial DNA and proteins (Buchanan, et aL.
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1971). Herd, et aL. (1974) proposed that Tq índuces the

synthesis of a cytoplasmic protein which acts on the

mitochondria.

Stímulation of Regulatory Enzymes

The calorigeníc action of thyroid hormones has also been

explained on the basÍs of ínductíon of specific enzymes with

a regul-atory role on key points of intermediary metabolÍsm.

One of these enz)rmes whích is stimul-ated in this way is the

mitochondrial cytochrome-linked cl - g1-ycerophosphate

dehydrogenase (Hoch, L974) .

Interactíon with Catecholamines

Tt is known to increase the response of animals to

noradrenalíne, but hypothyroidism produces the opposite

effect. Van Inwegen, et aL. (1975) suggested that

modulatíon of cyclíc AMP phosphodiesterase by thyroíd hormones

ís one mechanÍsm for the regulation of the responsiveness of

rat adipose tissue to lipolyËic agents such as adrenaline and

glucagon.

Stimulation of the Sodíum PumP

Eclelman and Ismail-Beígi (1974) found that sodium transport

was stimulateil by thyroid'hormone and that the íncrease in

available ATP seconilaril-y served to stímulate the oxygen

consumption and heat production. They also suggested that

thyroid hormones exert their actívity prímaríly by

stimulating the activity of the N"+-f+-¿,tPase rattter than

secondarily as the result of changes ín membrane permeability

to sodium.



(d) Proteín SvnEhesis

There is evidence that thyroíd hormones influence enz)rme

actívity by índueing protein synthesis (i,rleís and Sokoloff , 1963; Lee

and Miller, L967). Furthermore, thyroid hormones have been shown to

influence increases in Ëhe amounts of some enzJrmes anil proteins (Li,

et aL. 1975; Hervas, et aL. L975).

(i) Effects on Transcr t íon
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Tata, et aL. (1963) and Frieden (1967) observed íncreased

RNA synthesís after the adminístraËion of thyroid hormone.

This effect appeared to be rhe result of increase ín

actívity of RNA polymerase probably due to elevation of

templaÈe activity. Ki.m and cohen (1966) observed an increase

ín ternplate efficiency after administration of Ta. The

hormonal effect could be mediatecl by an Íncrease in r RNA

or modulation of m RNA coding for a specific protein.

Effects on Translatíon

Thyroiil hormones may also affect the rate of protein synthesis

at the translational level. Cohen (1970) showed a higher

rate of íncorporatÍon of t RNA in ribosomal preparations

treated wíth Tq Ëhan untreated preparations. In rats,

incorporation of labellecl amino acíds into proteíns was

íncreased after treatmenÈ wfÈh T¡+ (Sokoloff and Kaufman,

1961) while Tg injections to a euthyroid aníma1 increased

in uitz'o protein synthesis (Sokoloff, et aL. 1968) in the

presence of mitochondría. Hence, ít was suggested that the

interaction of thyroid hormone with mitochondría releases a

factor which stímulates protein synthesis of the ribosomal

( íí)



49

leVel. However, the requírement for miÈochondria has been

questioned (Carter, et aL. L975).

Thus the mechanlsm of thyroid hormone actlon at the cellular

l-evel is complex. Thyroid hormones have- a specifÍc effect on

synthesís of proteins (especially enzymes). The mechanism of

actíon appears to be aÈ the chromosomal level involvíng

interaction with receptors which stímulate protein synthesis.

Some of the metabolic effects of the thyroid hormones could

be nediated by interactíon wÍth mitochondría, ce1l membranes

and with some enzymatíc systems.

5. Control of Thyroid Function

(a) The Pituítarv - Thyroid Axis

The thyroid gland of the fowl is under pituitary control

through secretÍon of thyroid stimulating hormone (fSU). The

long term effects of TSH on thyroíd functíon ínclude íncreased

iodine uptake, increased hormone synthesis and increased gland

size. Secretion is controlled by the blood concentration of

free thyroid hormone, which, when íncreased, inhibits TSH

secretíon from the thyrotroph cells. This interrelationship

forms the basis of the negative feedback mechanism of thyroíd

control. I^Ihen the blood level of free thyroid hormone is

decreased, the thyrotrophs are stimulated to secrete TSH.

Increased blood TSH concentrations in turn promote thyroid

hormone production. The reverse mechanism operates when the

free thyrold hormone leve1 of the blood ís increased

(Fa1coner, L97I> .
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(b) Neural Control

Other factors whích control TSH secretion are not

compleÈely understood. The central nervous system exerts

regulatíon through the hypoËhalamíc neurosecretíon thyrotropÍn -

releasing hormone (TRH). This together, with other releasing

factors, ís 1íberated into the blood vessels of the hypophysial

portal- system, and passes in the Portal blooil to the anterior

pituitary. The area of the hypothalamus which appears to

control the secretion of TRF is in the region above and

behind the optic chiasma. Lesíons in this area between the

anterior commissure, posterior cor¡uníssure and optic chíasma,

suppress thyroiil activity in fowls, and lesions in the

supraoptico-hypophysial tract reduce thyroid actívity ín

mammals (Brown - Grant, 1966). IË appears thaü thís neural

control of TSH secreÈion is irnportant Ín Èhe response of the

animal to stresses such as cold and emoÈion, which affect

thyroid activity. It is also líkely that the thyroicl changes

which are associated with reproduction are mediated through

the hypothalamíc regulation of pituitary TSH release (Brown -

Grant, 1966).

6. Thvroid ResÞonse to the Envíronment

Investígations of thyroícl gland function and metabolism have

largely been limited to short term experiments with liInited numbers of

bÍrds. I{here possíble thyroíd function is assessed ín relation to

production performance of hens and envirorrmental factors.
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(a) Temperature

The varíatlon in thyroid secretíon wíth season of the

year r.ras first investigated in the chlck by Reíneke and Turner

(1945). Maxímum secretion was shown to occur during wínter

months, with lowest levels during summer. Thyroxine secretion

rate and levels of TSH in adult birds increase during exPosure

to cold. I^Ihen bÍrds are shifted suddenl-y from a vlarn

environment to a cold environment, TSR increases very slowly

over a period of few weeks, while a return of birds from a

col-d environment to a warm environment contrastingly results

in a very rapid reduction ín TSR (Stah1- and Turner, 1961). High

environmenÈal temperatures (30 to 350 C) have a depressJ-ng effect

on thyroid secretion; only under exÈreme conditíons of heaÈ

(45 to 450 C) has an actívation of the thyroid in birds been

observed (Chautlhuri and Sadhu, 1961). The speecl of response of

the mammalian thyroíd to elevations of body temperature is

almost irmnediate, indícating Èhat a mechanism other than the

normal negatíve feedback regulation of the thyroiil is ínvolved.

Héroux and Brauer (1965) and Good, et aL. (L974) have found

that an increment ín the use of thyroxine is brought about by

increases of food intake. Heat and cold as such have little

effect on TSR.

However, Andersson, et aL. (1962) has shown that cooling

mammals (goats) results initíall-y in a fall Ín body Èemperature,

followed by a rise in ternperature, wíth a paral1-e1 ríse in

círculating thyroid hormone. By warming the preoptic area of
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the brain during coolÍng of the body, Èhe increase in thyroÍd

hormone secreÈ1on Ìüas prevented. It was clear then, that a

temperature-regulaÈing centre in the hypothalamus was

inítiating the response, presumably through the secretion of

hypothalamíc TSH releasing factor (TRF) but ín birds this

aspect of control is not understood.

(b) Metabolic RaÈe

Thyroxíne has traditionally been looked on as a

controller of metabolic rate. When a range of mammals \,\ras

measured in the field, however, ít was clear that thyroxíne

was produced to meet the need to metabolize food. Basal

metabolic rates are genetically determined, wíth little

influence from the thyroid (Macfarlane and Good,1976) .

However, the injectíon of thyroxine into chickens results

in a rise in metabolic rate of shorÈ duraÊíon (Singh, et aL.

1968). Collins and l,treiner (1968) showed that increasing

environmental tønperatures corresponded to a reductíon of

metabolic rate Ín manunals which reflected the observed

reduction Ín thyroid activity, and reduced food intake.

The fo¡sl shows pronounced diurnal rhythm in its metabolic

rate, accompaníed by a corresponding rhythm Ín the deep body

temperature.

Thís rhythm was first described by Barott, et aL. (1938)

who found a dífference of approximateLy 247" between the

maximum and minimum BMRfs duríng the fÍrst week of life and that
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thÍs variatÍon declined wiÈh age. At 12 weeks of age the

dlfference \^ras Ll7" (Bato:t, et aL' 1938) and ín adults it

was 97" (Deíghton and lluÈchinson, 1940) ' Barott, et aL' (1938)

and Tasakí and Sakuraí (1969, reported by Freeman 1971) axe

agreed that Ëhe maxímum metabolic raÈe of adults occurs at

about 0800 h with the minímum rate occurríng 12 h later'

Thevaríationíndiurnalrhythurissomewhatlargerin

the fu1_Iy-fed adult and declines as starvation proceeds

(Tasaki and Sakurai, 1969 reporteil by Freeman 1971) '

7. Thyroíd Func tion and Growth

Tanabe (1965) showed a linear decrease ín TSR with age over the

period of 2 r,¡eeks to 15 weeks in the chicken. This decline r'ras

similar to that seen ín post-pubertal mammals. llowever, iË is probably

the reducËion of food intake per unít of body mass wíth age as well as

a declíne in protein and I^7ater Èurnover rates with age rather than

thyroxine which causes this decline í¡r TSR. There is a trend towards

a reduction in circulating T4 with age recorded for both meat and egg

type birds (Granilhi and Brown, 1975). As the Tu levels with age

declíned, circulating Ts levels increased, Índícating that T3 may have

a growing importance over T4 as the bírd ages'

In an investigation of the relationship between thyroid

secretion and growth raËe ín sheep, a curvilínear relatíonship was

deuronstrated, rrríth narked decreases in growth rate in animals which

trer.e hyper - or hypothyroid (Draper, et aL. 1968) . This relatÍonshíp

1s also probable ín the growing cticL sínce the results of singh,

et aL. (1968) indicate that Íncreases in growth Ïate occur with low
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doses of thyroxine (birds given an antiÈhyroíd drug) whereas a hÍgher

dose results in lovrer growth rate.

Thyroidectomy has been shown to reduce the growth rate of female

chícks (I{inchester and Davis, L952) by 30 to 507". Hence thyroid function

is essentíal for normal somatic growth and development, largely through

the actíon of thyroxíne on the somatotrophs of the pituitary.

8. Thyroíd Functíon and Egg Production

. In adult hens rernoval of the thyroid gland l-eads to a marked

reduction ín egg production (Taylor and Burmester, 1940). !trinchester

(194C) was able to increase egg productíon from 40 to 607" by admin-

istration of thyroxine. Turner, et aL. (1945) as reported by Falconer

(1971) conducted studies in an attempt to Ímprove egg laying of hens

during the summer months. It was observed that with high rates of

hormone feeding, eBB productÍon and body weíght decreased whí1e mortality

increased. I,Iith optímum feeding raÈes of thyroid hormone, however,

lmprovement in egg production was achieved.

Booker and Sturkie (1950) showed that hens laying four-egg

sequences had a higher thyroxine secretion rate than símílar hens

layÍng two-egg sequences, presumably a consequence of greater turnover

of metabolítes. Grandhi and Brown (I975) observed changes Ín proportions

of Tg and T¡r at differenÈ ages. Although Ts is mainly produced by

perfpheral- monodeiodination of Ta they speculate on the exístance of

an adaptive mechanísm Ín the thyroid glands r^rhÍch modifíes the patËern

of thyroíd hormone synthesis in relatíon to physiol-ogical demands. lühile

the exact significance of the T3:T4 ratio is obscure it is líke1y that

T3 and T4 have separate functíons. T'+ regulates energy meÈabolísm and
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T3 1s involved with mobilization of nutrients for the productíon of

eggs. It could follow from this that he¡rs vtith higher T3:T4 ratios

have íncreased levels of egg production and effíciency.

H. CALCIUM AND EGG SHELL QUAIITY

I Introduction

The metabolic cost of producing an egg imposes a considerable

nutritíonal load on the hen. A hen layÍng at the rate of about B0%

produces about 45 g of egg mass per day, nearly 2% of the total body

weight. Calcium drain is more severe, sí¡ce Ít represents a daily

turnover of. I0% of the body poo1. It is general-ly held by producers

that an increase in íncidence of cracked egg shelJ-s is the price

ínevitably paid, for an l-ncrease in rate of egg production. Studies

relatÍng efficiency of the hen to íts egg shell quality are few for

both ad Libítun levels and fíxed Íntake levels of calcium.

2. Role of Calcium in Egg Production

Gilbert (1969) has suggested that calcium 1s ímportant in

regulating ovarian function. It also seems that the hen has some

mechanism of measuring her calcíum depletion and whÍch regulates the

formation of ova accordíngly. Thís reduced body ealcium could sÈop

laying through reduced ovarian function. Taylor (1972) suggested that

if duríng the calcifícation of the egg shell, Èhe ionic concentration

of calcfurn in the plasma rdere tp fall below a threshold level' the

effect would be to reduce the secretion of gonadotrophins, which would

in turn reduce the rate of follicular growth. Thís v,roul-d reduce the

raËe of oestrogen secretion and with it the rate of synthesis of yolk

materíaI. The neË result would be a reduction ín egg productíon. The
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need for the hen to secreËe large amounts of calcium for Èhe shell j-n

some s¡ay límits the rate of ovulation anä thus Ëhe rate of egg

productíon.

3 Hormonal Control of Calcium Metabolism

(a) The parathyroid gland is locaÈed close, or even attached '

to Èhe posterior poles of the thyroid lobes in birds. In

mammals it ís generally accepted that there are two major

effects of the parathyroíd hormone. IÈ increases the rate of

bone reabsorption and the urinary excretíon of phosphate.

There are no reasons for supposíng the physiological role of

parathyroíds in bírds to be any different from that ín mammals.

It seems probable that soon after the períod of rapid shell

calcífícation begins, there ís a fall ín the plasma ioníc calcium

concentration which causes increased secretion of parathyroíd

hormone inÈo the blooct thus stimulating skeletal absorpÈion

(Taylor, L97l).

(b) Calcitonín

-The ultimobranchial gland cel1s of birds contaín hígh

concentrations of calcitonin. The effect of calcítonín may

norrnally be to prevent overshooting ín the parathyroiil

regulation of the birdrs plasma calcír:m level-. It also has

been suggested that calciËonin may protect the skeleton from

excessíve ïesorption (Simkiss and Dacke, I97L).

The role of parathyroíd hormone and calcitonin in

maíntainÍng calcíum balance in the bírd is not compleÈely

understood but theír effects on egg shell quality cannoÈ be
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underestlmated.

(c) Thyroid llormones

The shelL strength of eggs (as measured by specific

gravlty) has been increased by feeding thyroxine to heus

(tloffnan and tr{heeler, 1948).

(d) Oestrogens and Androgens

Oestrogens in conjunction with androgens play an

lmportant role in bone metabolism ín laylng hens, helping Ín

the supply of calcitm during laying (Taylor, 1966). Under the

lnfluence of these hormones secondary bone develops in cavitíes

of the bones of the pullet in the fÍnal two weeks before the

first egg is lald anil persists throughout the laying season.

ThLs medullary bone acts as a reserve of calcium which is

mobl-lized for egg shell formatíon when level of absorption from

the gut is insufficient. Oestrogens in synergism with androgens

enhances Ëhe absorptíon of calcirrn and phosphorus from the

.lntestína1 tract, (Taylor, L966).

Presunably these nínerals are used for calcification of tne rnedulla

bone. Neither oesÈrogen nor androgen alone has an appreciable effect on

calclurn and phosphorus absorption (Taylor, 1966).

(e) Pituitary and Hypothalmus

Bírds placed on a low calcÍum diet conti-nued producíng

eggs longer than expected when ínjected with a crude ovarian

pLtuitary material (Taylor, et aL. L962). It was suggested

that Ëhe amount of gonadotrophin released from the anterior

pítuitary is reduced during calcir:m deficiency and this

mechanism may serve to protect the skeleton from excessíve

depletion. This effect is thought to be medíated by the
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hypothalmus through a gonadotrophin.releasing factor. There

may be a critÍcal level of ionic calcium in the plasma below

whích secretion of the releasíng factor ís ínhibited. This

lnhibítion reduces gonadotrophin secretion and hence rate of

ovulation (Taylor' 1966).

4. Cal-cium Reouirements of Laving llens

The Agriculture Research CouncÍl (A R C ) (1975) have estimated

that the calcium requirement for hens to achieve maximum egg output is

3.0 g . 24h-r . However, thís ís lower than requirement for maximum shell

thickness. A R C (1975) analysed the literature and found that thickest

shells were obËained with the híghest inÈakes of calcíum, this response

being most marked wíth additional calcium where intakes were less than

3 g. The response to intakes above 3.8 g is margínal and above 5 g ís

negligible. There is some confusion when assessing she1l strength in

relation to restricted feedíng. A R C realísed this and calculated

calcium íntake of hens and related that to shell properties rather than

the degree of feed restríction.

Increase in calcium content of the diet from 2 Eo 57" is

associated with a thickening of the egg shell fron 335 to 367pn (Foster

and Neil, 1972). But Foster antl Neíll (1972) found that over this

range of calcium i-ntake variation ín rate of egg productíon, bocly

welght and egg weight had litt1e consistent effect upon shell- thickness.

In other experiments, Cípera and Grunder (1976) shor¿ed that birds

which produced thícker shells had lower body weight than those whích

laid eggs of poor egg quality. They suggest that the consistent

difference ín body weight between hens of low and hígh egg shell



59

guality may Índicate an underlyíng physiological difference. These

results are opposite to those deriving from the mathematic theory of

Foster and Neil (1972) in which heavier hens would tend to consume

more calcium per egg.

H1gh dietary levels of calcium tend to inhíbít feed intake by

hens (Hu::r^ritz, et aL. 1969) whíle a defj-ciency of calcium also reduces

feed consumption (Roland, et aL. 1973)

Phosphorus can Ínfluence shell quality presumebly by lnfluencing

calcl-um absorption and/or bone resorPtion (Roland, L976). Vitamln D

stlmulates intestinal calcium absorptf-on and is the mosÈ Potent substance

known that influences bone resorption (Reynolds, et aL. 1973).

(a) Restricted Feed and Shell- ualit

Four examples may be cíted where feed resËriction was

employed and some parameter reflecting she1l strength \üas

measured. Gerry and Muir (1976) found that restriction of

feed by 15% did not effecÈ any signíficant change in shell

thickness. Símilarly, Al-Khazraii, et aL. (1972) clítl not

observe any signífícant decline in specífic gravíty of eggs

wlth 157" f.eed restríction. Also Karf , et aL. (L977) irnposed

a 12"Å feed resËríction and observed no significant change in

shell thíckness or shell weíght of eggs assessed over a full

layÍng year. Muir and Gerry (L976) imposed a 57" feed

resÈríction to brown egg Layets with no effect on shell

thicknes s.

These results would indicate that the'calcium íntake

of birds in Ehe restrícted feedíng experimerrts vras adequate

to meet the requÍrements for satisfactory shell formation.
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5 Factors Affectins Shell Strength

Peterson (1965) has revfewed the faetors ínfluencíng the

strength of egg shells. Genetic strains' rate of egg production, dlet

of the hen, age of btrd and environmental temperature affect mosË

measures of shell strength. Tyler and Geake (L964) observed that egg

shells of indiviclual birds differed greatly in shell strength.

6. Poroslty

Not a great deal of information exists on egg shell porosity

and bird efficiency. It is known, however that

(1) The age of birds does noÈ ínfluence shell porosity'

(2) The fÍrst egg of a clutch Ëends to have a lower porosity

than other eggs ín the same clutch (Wells' 1968) '

I

i
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CHAPTER II - EXPERIMENTAL

A. BIRDS

1. Proiect DeveloPment

(a)

The ensuíng stucly was conducËed ín two phases'

Phase I

A group of 16 individual ftIhite Leghorn hens was a]-l-ocated

a range of feed from 80 g. 24h-r to ad Líbitwn over the period

of 18-66 weeks of age. The following production, physío1ogical

and egg shell qualíty parameters trere measured on these individual

hens.

(Í)
Production ParameÈers

Feed Intake

Feed Intake

Feed Conversion EffíciencY (FCE)

Feed Conversíon EfficiencY (FCE)

Egg Nr:nber

Egg Nunber

Average Egg I^Ieíght

Average Egg l,Þíght

(Íi)
Phy sioloeical Parameters

Units

g-24h-r

g.24h-r

("Á)

(%)

Kt.kão '7 s .24:n 'r

11.kg-l .24h-t

(%)

ug T4.100g-r .24h'r

l-rg Tb d1-1

u
,î

&
(weeks)

18-66

22-42

18-66

22-42

LB-66

22-42

1B-66

22-42

25, 35, 45

25, 35, 45

25, 35, 45

25, 35, 45

25, 35, 45

g

g

I
I

I

Metabol-Íc Rate

lJater Tu:nover

Total Body llater as a

percent of Body lüt.

Thyroxine Secretion Rate

Plasma Thyroxine

Ì
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(1rÍ)
Shell QualÍty ParameÈers

Shel1 lfelght

Shell l,IeÍght per Surface
Area of egg

Shell Thickness

Egg Conformation

Porosíty
(rv)
Body [,IeÍght Measurements

Eg. cm-2

vm

Units

g

4æ
(weeks)

45-ss

45-55

45-5s
45-5s
45-55

,21 31 4,

mg. cf2. z4h-r

g

Four Índividual hens identífied as A'

I 5 6,

. 8, 10, L2, L4, 16,

lg, 22, 26, 30, 34,

38, 42, 46, 50, 54,

59, 62, 66.

43, A4 and CO were selecÈed

on the basls of high F c E and bred into lines ín a second, thiid and

fourth generatÍon. DurÍng the test períod of 18 - 66 weeks of

age birils u¡ere allocated feeil eiËher 80 g.24h-r ot ad Libítun

and above parameters measured at times índÍcated. F C E was

deter¡ni¡ed over the perio d 22 - 42 weeks as Ëhís time period

encompassed the period over which physiological measurements

rilere made on birds.

(b) Phase 2

Ttris phase observed performance of hens produced by line-

crosses and out-crosses. Hens were fed ad Líbítun or allocated

-1 -1 -r80 g.24ln -, 90 g.24h-' or I00 g.24h-'. As prevíously, productíon,

physlological, egg she1l quality and body weíghE parameters v/ere

measured on bírds.

There have been variable reports on the daily ME intake required È

malntain normal rates of 1ay. Jalaluclin (1970) claimed thaÈ a dafly ME

Lntake of 782 KJ was sufficfenË, whlle Suprarnaniam (1970) reported tha

ü
f

{
I

{r

r
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tl29 KI were requl-red. Petersen (f97f) found that rate of egg production

could be u¡alntaÍned wlth a daily ME intake of I 003 KJ.

For my work hens lrere restricted in feed by 337 over the period 18-66

weeks, which represenÈed a daily ME intake of 883 zu - inÈermediate to that
reported by Jalaludin (f970) and Pererson (197I). The two other feed levels

(90g. 24h-L and 1009. 24h-r) were chosen so as to provide hens with ME

lntakes close to the optimum levers of reported ME requirements.

2. Bfrds

(a) Ir Generatíon

Birds used were a trlhite Leghorn strain, purchased from

Anderson Chicks PÈy. LËd. at 18 weeks of age. Chickens rüere

reared from day old to 6 weeks on litter and Èhen grown in

cages until 18 r,¡eeks of age.

(b) L2 Generation

Selected hens from F1 generation were mated with a related

sfre (I^Ihite Leghorn) purchased from Anderson Chicks PÈy. Ltd.

Chickens nere reared from day old to 6 r¡eeks in a battery

brooder and then grown in cages until 18 weeks of age.

(c) F3 Generation

Selected hens from F2 generation were mated with closely

related sires. Chickens hatched were reared as described for

F2 generation.

(d) F¡, F5 and Outcross Generatíon

Selected lines of hens r¡/ere mated with a sire (I{hite

Leghorn) purchased from Anderson Chicks Pty. Ltd. to produce

the out-cross generaÈion. Inbred l-ines (F,1 generation) were

maíntaÍned into a fourth generation by mating of selected

hens with closely related sires. Mating of selected hens of

one lÍne wÍth selected sires from other lines produced the

lfne-crosses (F s generation) . Chickens !,rere reared from day

old to 6 weeks in a battery brooder and then grown in cages

until 18 weeks of age.

I

I
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Assessment perLods were either 18-66 weeks of age, covering the enEire

productive life of Èhe commercl-al laylng lren or 22-42 weeks encompassing Ehe

peak period of laylng of nost hens. The 2 lntervals from 22-42 weeks

(1.e. periods 2-6) and 18-66 weeks (f.e. periods I-12; 12 x 4 week fntervals

frorn the age of 18 weeks were designated as periods I-I2) are normally used

fn Randon Sanple Tests (Australla and overseas) to assess performanee

between strains of hens over these 2 intervals. Performance over the perlod

22-42 weeks measures the peak egg producti-on ability of the hen. The

stamLna of the hen ls guaged over the period f8-66 r^reeks.

The physiological parameters on birds were measured starting week 22

(ending week 25) and startlng week 42 (and ending week 45). It was

dlfflculÈ for me to measure MR, I.ITOH and TSR on all hens 1n the one week.

Tþerefore I spread the work over 2-3 weeks.

I

ì
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3. Ilousing and Environment

The poultry unit formed part of a general holding area at the

Irlaite AgrÍcultural Research Instítute. The unit comprised a rearíng

shed and a layers shed. The rearing shed consisted of a group of

growing cages arranged back to back with trough riraterers. The layers

shed was made up of A-frame cages wíth water mad.e avaílabl-e ad Libitwn

through nipple lines. The capacíty of the layers shed was increased

during the course of the study from 24 to 180 individual cages.

The rearing shed and the layers shed were cooled in the surnmer

usíng evaPorative cooling. In the s/ínter convection and radiat.íon

heaters were used to raise environmental temperaÈures. Bírd droppings

were washed daily frorn cement floors in both rearing and 1-ayers shed.

Layers shed lighting was held constant at 16:8 = L:D.

4. FeeclÍng

Or¡er the course of the study, feed was purchased from Noske

Fl-our Mills Pty. Ltd. rt rrüas a standard layers crumble. Routj.ne

determínaËíon of metabolizable energy, proteín and amino-acid

composition hrere made. Ior índividual bird sÈudies, feed troughs were

divided with masonite partitions. The division in the feed troughs

were made the same height as the cages to prevent steal- feeding by

indivíduals. rn each generation birds were randornly allotted to

treatment and to cages. Restricted bírds r.rere fed daily. Ad Libítwn

bírds were fed Èwice weekly. Feed was weighed to nearest 0.1 g.

Feed intake was carculated on a weekly basis (expressed as a

daily intake) for each bird and averaged for Ehe Èrvo periods already

lndicated.
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lable L. PoulËrv Rat Insredients and Maior ComDonents

Ulx % l,faJor, Components i4

ME 11045 t 190 KJ.Kg-1

tlhear (tO.ZZ ProÈein) 52.0

Pollarcl 18.2

Mear Meal ß5 .8% Protein) 19 .0

Blood Meal 1.0

Cotton Seed Meal 3.8

Lucerne Meal 6.5

Salt 0.2

Lime 8.9

D.L. Methionine 0.1

ViËamin & Mineral Mix 0.3

Fat

Fibre
Calcium

Phosphorus

Crude Proteín
Molsture

2.7

8.2

3.7

1.1

16.2 r 0.3

10.4 t 0.1

Over the period of the project, lT batches of feed were analysed for ME,

protein and essentÍal amino-acid conÈent.

Table 1(a) Percentase of Essentíal Amino-acids in Dried Layer Crumble

z(tsEM)

Methioníne
Cystíne
Lysine
Glycine
Tryptophan
Arginíne
Threonine
Isoleucine
Leucine
IIístidine
Valine
Phenylalaníne
Tyroslne
Serine

0.3310. 01
0. 2810. 01
0.7310.01
1.4410.09
o.26!0.02
1 . I 1r0.02
0.5510.01
0. 50t0. 0 1

1.19t0.02
0. 35t0.01
0. 81 10.0 1

0. 6610.02
o.46!0.02
0. 6810.01

5. Bírd Ìüeighing

Bírds were weighed to nearest gran at ages already indicated.

6. Egg Records

Egg production for each bird was recorded for the age períod

18-66 weeks. Eggs were collected daily and weighed to nearest 0.1 g.
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B. TURNOVER STUDIES SAMPLE COLLECTION AND STORAGE

1. Iniection

During the work, use hras made of tritiated I,Iater (TOH) and

lodine-labell-ed thyroxine (l'ul-tu). Both isotopes in 140mM NaCl were

ÍnJected into the birds intramuscularl-y.

The muscle injected was t1¡e penonaeus Longus. Birds were

appropriately positíoned and then the needle I¡Ias plunged into the

tíssue quickly. The syringe hras attached and Ëhe volume of the

lsotope was blown out through the needle into the tíssue of the bird

by a snall- bubble ín the syringe to obËaín quantitative injection.

The needle was left in s¿tu for a few seconds and dígiÈal Pressure

applied to the surface of the skin surrounding the injected regíon.

Thís procedure was performed with the bird 1-ying on its sÍde and

flrurly held by hand, so that any movement of body and legs of the

blrd was prevented.

2 Blood Sampling

All blood samples obËained from Ëhe birds were taken

peripherally from the wíng vein (brachial-). Inlhen blood samples were

required, the bird was taken from the cage and placed on a table' on

its back wíth the wÍng exÈended from the body. A dilute solution of

Zephiran was applied to lnner portion of the wÍng Ëo clean the skin.

Feathers located in the vícinity of the braehial veín were removed

with scÍssors to show the line of the vein fron the abdomen to wing

extremetíes. A small ilesk lanp was used to províde adequate 1-íght.
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To holcl the bird ín place, one hand was posítioned on the

abdomen and the wing was fully extended at the same time. The index

ffnger of that hancl r¿as placeil fínnl-y on the brachial veín proximal

to the positíon of nee<lle ínsertion. This caused fílling of the

brachial vein wíth blood.

The hypodermic needle was then inserted through the ouÈer

layers of skin ínto the vessel at an angle of 150 to the líne of the

wfng and vessel. Depending on the experi¡nental requirements a 5m1 or

l0mlsyringe was used to withdraw blood samples. Syringes were all-

prevlously heparinízed.

All blood collected hTas transferred to 10 ml plasËíc

heparínized centrífuge tubes or 5:ml plastíc vials'

3. Faeces Collection

Srnal1 tín trays of the same length and breadth as the

individual cages were used for collection of faeces. I'Iíre hooks

attached to each corner of the tray were used to suspend the tray

approxímately l5crn below the individual cages. The bases of the trays

were líned with a plastic sheet before faeces coll-ectíons llere made.

Blood vras transferrecl from the syringe into a heparinized

5n1vía1. The víal was capped anil then shaken to mix the

sampled blood with the heparln. The vial was therl stored in

a f.teezet and used when requíred for TOH deËerminatíons.
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(b) Pl-asma

(c)

Sampled blood nas transferred from Ëhe syrínge into a

l0mlcentrifuge tube which had been previously heparinízed.

Bloocl which had been placed in these tubes I^Ias centrifuged

at 2000 r p m for 20 min

Plasmasamples\,üeretïansferredtoa5mlcontaÍnerand

stored in a fteezet.

Faeces

Faeces whích had been tlriecl were finely ground and stored

in bottles ín the fteezer.

(d) Feed

Feed which had been finely ground was stored in bottles

in the f.teezet.

C. ANALYTICAL PROCEDURES

1. Crud e Proteín AnalYses

crude protein of feed r¿as determÍned using the micro-Kjeldahl-

nethod. The nitrogen of protein 1tas transformed into armnoníum

sulphate by acid digestion wíth boíling sulphuric acid. The aciil

dígest was cooled, clílutecl v¡ith srater and made strongly basíc with

sodÍum hydroxíde. The ammonia released was distíl1-eil wíth a boric acid

solution. The anmonia ín the boric acíd solution l^/as títrated with a

standardízed potassium bí-íodate solution. A blank digestion rllas

carríed out wíth each batch of protein determinaElons. The varíation

between duplicate samples was 37".
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2. Amino-Acid AnalYses

Amino-acfd content of feed was determíned usíng the method of

spaclanan, stein and Moore (1958). Tryptophan was estímated by the

method of Miller (1967) and methíonine and cystine were estímaÈed on

samples oxídized with performic acíd (Moore, 1960). Hyclrol-ysis of the

crude protein of the feed released free amíno-acids by breakage of

the peptide linkages. A solution contaÍníng the free amíno-acíds was

applíetl t.o the column of a Beclcnan amino-acid anal-yzet. The sample

amlno-acids r¿ere referred to standard amino-acíds. Individual amíno-

acíds were determined wíth an accuracy of !2 ¡ìmol'

3. Est imation of Metabolízable EnergY

The metabolizable energy (Mf) of the compounded feed was

evaluated directly from measuremenËs of the heaËs of combustíon of

representative samples of feed and excreta (Shannon and Brown, 1969).

The excreta output relative to food intake was determíned using Èhe

procedure given by Vohra (L972).

Gross energy (GE) of feed and excreta was determined ín a

ballistic bomb calorimeter. A known weíght of clrj-ed feed or e:(creta

was fgníËed electrically and combusted in an excess of oxygen in the

bomb. The maximum temperature rise of the top of the bomb was

measured wíth a thermocouple and galvanomeËer system. Temperature

rise of the test sampJ-e ïras compared with that obtaineil wíth a standard

sample (benzoic acid) of known calorifíc value. The variatíon in GE

between standard samples of benzoíc acid was calculated to be 2.77..
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4 Determination of Pl-asma Thyroxine

Determinatíon of the plasma thyroxine level- was performed

usíng the competitíve protein-binding analysis of Murphy and Jachan

(1965). After a single ethanolic extTaction from plasma, the

thyroxine of the unknown sample r{as quantítated according to íts

courpetition with a fixed amount of 12uI-Tu for binding sites on a

constant amount of TBG. To separate the TBG-bound l"I-Tu from the

unbound t'uI-Tu, an aníon exchange resin was used. The standards were

prepared according to Nobel and Barnhart (1969). Ifhen human plasma

was used, Ëhese methods used 0.3 nl of ethanol extract which yíelded

suffícienË thyroxine for accuraÈe analysis.

However, measurement of pool sampl-es of hen plasma, using

0.3 nl ethanol extract, gave low thyroxine concentrat.Íons.

To obtain greater accuracy of estímation, 0.6 ml of the

ethanol extract was used, to provide twice the amount of thyroxíne.

These levels of thyroxine then fitted onto the more sensítive region

of the standard curve. A pooled plasma sample storecl frozen was

assayed with each total thyroxíne estimation. A mean val-ue of 1.34Ug.dl-l

(SeU = 0.14) was obtained for 20 separate determinations.

5. Determination of Thyroxine Secretion Rate

The methoil of Ingbar and Frienkel (1955) was used as the basis

of the ileterminatíon of t,hyroxíne secretion rate (TSR) . The method

lnvolved intramuscular injectíon of a tracer quantityof I2sI-Ta lnto

the bird. It rÀras assumed that in the steady state, the rate of fror*orrJ

secretíon equalled the rate of honnone l-oss. The injected l2sI-T,,
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reached equilibrir¡m with the thyroxine diptríbutíon space and then

disappeared from the circul-ation at an exponential rate. A change

1n this rate resulted from the secretion of endogenous l2s r-Ta whlch

follor¡ed thyroíd glancl uptake of r2s r-iodÍne derived from tracer

metabolizetl by the tissues.

For routine TSR determinatíons blood samples were drawn 4h,

7h antl 10h after injection of the t'ur-Tu. The radioactivíty was

measured in a aliquot of plasma. Plasma PBlzsI was then determined in

this sample by precipitatíon of the plasma proteins. A stanclard sample

of the injected t'ur-Tu hras counted wíth the experimental samples.

The variatíon beËween standard sanple counts was calculated to be 3%

The biologicar half-time (tr) was estímated from the plasma pBl2sr

degradation curve enabling the rate constant for loss to be calcul-ated.

The distribution volume of the hormone was then calculated. FÍnally

the daily secretion of thyroxine vras calcul-ated usÍng pLasma thryoxÍne

concentratÍon, rate constant and dístribution volume.

6. Determínation of trIater Turnover, ToËal Body !üater and Carcass Fat

Total body water and water turnover were estÍmateil by adaptaÈion

of the method of Morris, Howard and Macfarlane (1962). Trítiated water

was ínjected Íntramuscularly as a 0.92 sodium chloride solution with a

specifÍc activíËy of 50pci.n1-1. Blood samples were taken at 4h, ld, 4d

and 7d. The total body waËer rrras estimated from the concentratíon of

tritíum at the time of injection, obtained by octrapolation of the

dlsappearance curve. l,later was obtaíned by fteeze-dryíng blood and

collecting the sublimed \^rater in a cold trap (Cooper, Radin and Borden,

1958). Trítír¡n concentration was determined on alíquots brought into
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solution ín a dioxane scintil-latÍon fluid and counted in a Packard

scintillation spectrometer. The varíatíon ín standard sample counts

was estimated at 3.2i4. Total body water as a 7" of. body weíght was

calculated to gíve an estimate of carcass fat.

7. Determinatíon of Metabolíc Rate

The closed-cÍrcuit method for measurement of heat production

by oxygen consumptíon rüas used. The same air was held in an air tight

chamber connected to a volume mete-r (300 volumeter, Med-Science

Electronícs, St. Louís). Moisture and carbon díoxide produced by Èhe

blrd was removed by chemical absorbents. The decrease in vol-ume of the

chamber \^ras compensated for by the volume meter, recorded as the oxygen

uptake by the bírd. Heat proilucËion hras calcul-ated from the thermal-

equivalent of oxygen, assuming a respiratory quotient of l. The volume

metêrwas found to measure voh¡me with an accuracy of L.5%. Due to the

number of assumptions made, computed netabolic rate determinations were

estimated to have an accuracy of only 87..

8. Determination of Shell Qualítv Variables

Egg conformatíon, shell- thickness and shel1 weíght per surface

area of the egg were deËermined using the procedures given by Tung'

Staley and Richards (1968). The weight of eggs and shells riTere

measureci to nearest 0.01 g, egg width and length were determined wÍth

a precísion of 10.005 cm and shel1 thíckness riras measured to the nearest

mlcron.

Shell porosíty was determíned using the íncubation method given

by l,Iells (1968). Eggs were weighed to the nearest 0.01 g. TemperaÈure

of the incubator was maintained at 380 t 10C and relative humidíty at

80 ! 27¿.
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CHAPTER TIT RESULTS AND DTSCUSSTON

A. ANALYSES OF REI,ATI ONSHIPS BETIIIEEN FCE AND OTHER VARIABLES

1. ?relimínary AnalYses

'Before any analyses I'tere conrmenced the co1lected data were

screened and all data were omitted from the analyses of any bird which

díd not survíve to 66 weeks. Some bírds do not have the full cornplement

of measurements since they were non-layers during egg qualíty measure-

ments. The results for physiological Parameters hlere averages of the 3

readings made on each bird. Egg she1l quallty estimates lüere averages

of the eggs measured from each bírd over the specified tfune period.

2. Correlatíon CoefficíenÈs between Independent Variabl-es from

Purebred Flock

The CORR procedure from the StatistÍcal Analysis System (SAS)

program was used to compute the product moment correl-atíon coefficient

between each pair of variabl-es (Barr, et aL. L976). All production'

physiologica! metabolÍc and egg shell quality variables were fed to the

computer, but only body weíghts at hatch, 6, L8, 42 and 66 weeks of age

were íncluded ín the analYsis.

The aÍm of thís analysis vras to identify those varíables which

were most closely lÍnked to feed conversíon effíciency. The data from

restrícted and ad Libitwn fetl birds hrere considered together in the

analyses.

The nr¡nbers of bírtls ,-tsàd fror each breedíng 1-ine for the 2 feed

levels over the 4 genetatíons in determining correlation coefflcients,

are shown ín Tabl-e 2.



74

Table 2. Blrd Numbers for each Líne Generation and

Feed Level

Lines

80* represent a f eeclÍ-ng level of 80 g-24h- t;

ancl A represent s ad Líbitwn

r2830363230Total

r416T42216161515.Subtotal

4

4T

62

2L

I

6

5

2

0

6

I

2

0

4

7

3

1

7

11

3

0

7

7

2

I

3

9

3

0

6

6

3

I

2

9

3

1

2

3

4

SubtotalA80A80A80A80*

c
4A¿A

3
A

L
GeneratÍon
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Key to Tables 3.3(a) 4. 5 and 6

Xr

X2

Xg

Xt+

Xs

Xe

Xz

Xs

Xg

xto

Xrr

Xu

Xrs

Xt,t

Xrs

Xre

Xrz

Xra

Xrg

Yeo

x¿ r

Yrzz

xz s

FCE (18-66 weeks)

FCE (22-42 weeks)

Feed íntake (g.24h- r) 18-66 weeks

Feed inËake (g.24h-r) 22-42 weeks

Egg ntrnber (18-66 weeks)

Egg nunber (22-42 weeks)

Average egg weíght (g) 18-66 weeks

Average egg weight (g) 22-42 weeks

Metabollc rate (KJ. kg-0 '7 s.24h-L)

l,Iater turnover (o,1.kg-t,24h-l)

Total body water as a percentage of bocly weight (%)

Thyroxine secretíon rate (¡1gTq. 100g-1'24!n-r)

Plasma thyroxine (UgTq¿11-1 )

Shell weíght (g)

She11 weight per surface area egg (ng' c*-2 )

Shel1 thickness (1ø)

Egg conformatíon

Porosity (mg. 
"m4 

.241f r)

Body weigtrt (e) - Hatch

Body weígtrt (g) - 6 weeks

Botly weígtrt (g) - LB weeks

Bocly weigtrt (g) - 42 weeks

Bocly weighÈ (e) - 66 weeks
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Table 3. S le Correlation Coeffi cients r - All ed Birds - Produc tion Variables Versus

Bodv lleieht Variables?hvsíol-osical - Ese Shell Oualitv and

X
B

o.276**

0.225*

0.366***

0.389***

0.243**

0.230**

0.939***

-0.02lns

-o.llons

-0.320***

-o .04lns

-o.01gns

0. 572***

o. 130ns

0.225x

xz

0.355***

0.250**

0.423***

0.437***

0.327***

0.278**

-0.014ns

-o.11gns

-0 .302***

-0.073ns

-o . o60ns

0.653***
*

0.201

0.307***

x
ô

0.860***

0 . 89 5***

0.761***

0 .782***

0.945***

-o.278*x

0 . 181*

-0 . 32 6***

-0.200*

-0.399***

0. 21 8*

o. o12ns

o.156ns

x_
.)

0 .9 10***

0.809*)t*

0.789***

0.785***

0.280**

0.211*

-0.269**

-0.191*

-0. 356***

0.203*

0.003ns

0.157ns

x
4

0.510***

0.463***

0 .986***

0.381***

0.02lns

-0 .518***

-0. 04Bns

-0.191*

0. 33 1***

0.125ns

0.219*

x 7

0.505***

0.441**t<

0.393***

0.o5gns

-o.487

-o.03gns

-0.t77*

0.301tr**

o.114ns

o.207*

X
2

0.906***

0. 113ns

0.230*

-0. 1 3gns

-0.284**

-0.456***

0. 191*

-o.04gns

xt

0.123ns

o.240x

0. oggns

-0.27r**

-Q . (l{rc**

o.222*

-0. o3gns

X
.L

x
2

x
3

x,
=

x

x
o

*z

X o
U

*g

xlo

xlt
xlz

x--
,Ló

xlq

xls

xlo 0. 140ns o . 112ns



Table 3(a). SÍmn1

**

p< 0.05

P< 0. 01

p<0.001

not sígnifícant

***

e Correlatl-on Coef f lcients Production Variables Versus

n = 128 except

Xrto Xrr,títh XB, n = 127

Xrto X, ,wíth Xgt n = L27

xru wiÈh Nlto x7' n = L26

X* with Xrto XU, n = L24

Xlg \ritt. xZ, n = I23

Xr'uritlr Xrto Xrr ¡ = L24

( t ) Purebred Blrds

sío1o ical Shell a and lüeí t Variablesr\
l\

*

X with n=I23

t=I27
20

X-/,
x

2L
to x% wit}r x7

ns

X
B

o.1lons

o. I 65ns

0. 283**

o . ooons

0.14gns

0.508***

0.519***

xz

0 .098NS

0. 193*

0.314***

-0 .083

o. 124ns

0.544***

0.529***

X
o

o.012ns

0.343**x

o.0g7ns

-0 . 1 74ns

-0. 103ns

o.447***

0.51 6***

x
5

-0 . o3ons

0. 358***

0 . 113ns

-0.194*

-o . I 16ns

0 .437***

0.442**x

x.
4

-0 . o0lns

0 .314?t**

o.0g4ns

-0.181*

0.04gns

0.739***

0.744*rc*

x
3

-0 .0o6ns

0.294***

o.087ns

-0 . 1 65ns

o .065ns

0.709***

0.704***

X Ð

0.04ons

0.257x*

o.lzzrLs

-0 . 11ons

-0. 1 I 6ns

0. 199*

0.300***

xt

0 .00gns

0.309***

0 .170ns

-o . 1 73ns

-0. I 64ns

0.231**

0.254*x

xlz

xla

X
L9

X20

x
21

X
22

x23
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Table 4. Simpl-e CorrelaÈion Coefficients (r) - All Purebred Birds -
Physiolo sical Variables Versus Ese Shel-l QualitY

and Bodv l^Ieisht Varíables

-o . 1 34ns0. 1 7B*-0.525***-0.205*o. 113nsX23

-0. I 26nso.L7 6*-0.524***-o.2r4*0. lo7nsxzz

o.075ns-0. 163ns-0. 205*- 0. 0 14ns0. 126nsx
27

-0.035ns-0.2t9r,-0. 042ns0.185*-0. lo8nsxzo

-0.230*-0.218*0. 105ns-0. 147ns-0.222*x
19

-0.01gns-0. 043ns-0 .231**0 .01 lns0.108nsx1B

o. olgns0.176*-0. o23ns-0. 054ns0.144nsX
17

-0.046ns-0. 304***-0.128ns-0.030ns-0 . I 55nsXto

0. 057ns-0. 133ns-0. 178*-0. 036ns-0.107nsx15

-0.055ns-0.173ns-0.215*-0. oggns-0. 1 l4nsx
L4

0.560*?k*-0.075ns-0. 0ggns0.044nsxlg

-0. lzgns-0 o7 6n
so.270x*X72

0. t 63ns-0.246**x
71

0. 1 55nsxL0

xg

xlsx72xllxloxg

*

***

**

p< 0.05

p< 0.01

p< 0.001

not sígníficant

n=L28

except Xj.4 to X, wit}:. Xg to XlA
r=127

Xru with *g to XLA

n-L26
XLg 

^od 
XZ' ith X, to X

n-I24

ns

12tù
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Table 5. Símple Correlation Coefficíents (r) - All Purebred Birds -
Eee Shell Qua litv Varíables Versus Bodv trleíeht Variables

0.326***-0.025nso.273x*o. 146ns0.4 53*?t*X o2âù

0. 364***-0. o5gnso.257*xo. 137ns0.439***xzz

o. o34ns-0.045nso.033ns0.02lns0.1 06nsx
2L

-0.026ns-,o.L22ns-0. o2gns-0. oolns-0. og6nsx
20

0. l3gns-0 . I 68ns-0.064ns-0.07Ons0. 205**xlg

-0.07gns0.016ns-0. oglns0.03gnsxLB

0 . ol5ns0. 035ns0 . l2onsx
77

0 .907***0.815***xL6

0. 782*:k*XL5

xlq

x
1B

xtzxloxtsxtq

il
[¿
f
¡ *

**

p< 0.05

p< 0 .01

p< 0. 001

not significant

¡=L27 except

L7',

7B'

17',

x

x

x

L8

2L

79

with
toX
with
with
with

xl

23
xr

x1

xl

n=
n=
n=
n=
n=

L26

L26

L23

r22

L23

,toxa

with X

toX***

na

,,t

B'

4 1_ 7',

xlg
x toX

20

20',
X 2l wíth X ¡=L22

1B',

!



80

Table 6 Simpl-e Correlatíon Coef fl-cients (r) -
All Purebrecl Blrds - Bodv üIeieht Variables

tt

¡

p< 0.05

p< 0.01

p< 0.001

not slgnificant

n = I24 o(cept

Xn wir}J XZZ, XZl,
X* wj-tn- Xrrt

n=128
n=128

***

ng

I

:

i

i
tr

I
I
!,

r
I

I

r

I

0.914***0.326***o. o03ns0 .334***x
23

0.390***0.011ns0.350***x22

0.505***0.209*x
21_

o.115nsx
20

x
22xztxzoxlg

*

**

I
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From the resul-ts (Tab1-es 3-6 ínc.) it is apparent

the 2 specified age periods is sígniflcantly correLated

production parameters as well as some physiologíca1' egg

and body weight parameters. However this analysis only

varíables Ín pairs. RelationshÍps involving more than

are not considered.

8I

that FCE over

wíth all other

shell quality

observes Ëhe

2 varlables

il
rI

r

3. The Stepwise Regression Procedure

As a result of the number of sígnifícant correlations found

between FCE and other parameters ít was decicled to apply Ëhe Stepwise

procedure (Barr, et aL. 1976) to fínd which of the índependent variabl-es

should be íncluded in a regressíon model for FCE. This techníque was

used to gaín insight into the relative strengths of the relatlonshíps

between FCE and other Parameters.

The Stepwise proeedure fírst fínds the single variable model

which produces the largesË R2 staÈistic. For each of the other

independent variables, Stepwise calculates an F statístic reflectíng

that variablers contribution to the model, hrere it to be íncluded. The

variable with the highest F value is adcled to the model provided that the

probability associated with that F value ís greatex tt'ar- 57".

After a variable ís added, Stepwíse looks at all the variables

already included ín the model. Any variabl-e not producing a partial

E - statistic significant at the 5% signíf.icance level- ís then deleted

from the model. Variables are aclded to the model until none produces

an F value of the required probability or until the variable deleted ís

the last variable aclded.

Ì
I

I

l
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The Stepwíse regression procedure was used for the 2 clependent

variables - FCE (18-66 weeks) and FCE (22-42 weeks).

(a) Stepwise Regressíon Procedure for Dependent

Variable FCE 18-66 weeks

All variables measured in this study except boily

weights already specifieil were included as independent

variabl-es for this analysis. Data from birds on both feed

levels ürere included. The following variables were sel-ected

ín order of ímportance for Ëheír association wÍth dependent

variable FCE (18-66 weeks) usíng the Stepwise procedure.

Stepwise regression

correlation ü/ith FCE

1. Egg number (18-66 r¿eeks) *ve

2. Feed intake (18-66 weeks) -ve

3. Average egg weighË (18-66 weeks) *ve

4. Body weight (42 weeks) -ve

5. Shel1 weight *ve

6. Shell weight per surface area egg -ve

7. Plasma thyroxÍne -ve

No other variables met the 57. signif.icance level for

entry.

(b) Stepwise Regression Procedure for Dependent Variable
FCE (22-42 weeks)

The followíng variables were selected in order of

Ímportance for theír assoclation wiËh dependent variable

FCE (22-42 weeks). Data from bÍrds on both feed levels

¡sere l-ncluded.

Í
,l

l

I
I

Ì
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Stepwíse regression

correlation wiËh FCE

Egg nr.mrber (22-42 weeks) *ve

Feed intake (22-42 weeks) -ve

Average egg weight (18-66 weeks) {¡¡e

Porosity -ve

Body weight (18 weeks) -lve

Shell weight *ve

Shell weight per surface areq egg -ve

No other variables met the 5% signífícance level- for

entry.

2

3

4

5

6

7

It is evídent that the fírst 3 variables selecÈed

in the model (egg number, feed intake and average egg

weight) are by tlefinition an integral part of the TCE

calculatíon. Also shell weight makes an apProxímately 102

contributíon to egg weight and hence its selection as an

element of the model. shell weighÈ per surface area of

egg appears as a variable Ín the model presumably because

of Íts high correl-ation (r = 0.782*x*) wÍth she1l weíght

(refer to Table 5). InterestinglY, porosity is significantly

correlated with all production ParameËers excepË average egg

welght (22-42 weeks).

subsequenÈly it was decided to perform a sËepwíse search

usíng parameters not directly associated wíth shell weíght or

egg weight. Hence all- egg shel1 qualíty parameters as well

as feed íntake, egg number and average egg weight $7ere
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excluded from the Stepwíse regressíon analysÍs'

(c) Stepwise Regressíon Pro cedure for Dependen t Varíables

FCE (18-66) and FCE Q2-4 2\ and I enilen t Phvsioloqical

anrl BodY Inle ht Variables

The fol-lowing 2 variables were selected in order of

lmporÈance for thej-r association with FCE (18-66 weeks). Data

from bÍrds on both feed level-s were included'

Stepwíse regressíon

correlation wíth FCE

1. Body weight (42 weeks) -ve

2. trIaÈer turnover l¡se

NooËhervaríablesmetthe5%significancelevelfor

entry in the model.

Thefollowing3variableswereselecteclinorder

of ímportance for theír association wíth rcB (22-42 weeks).

Data from birds on both feed 1evels were incl-uded'

Stepwise regressíon

correlation with FCE

1. Body weight (42 weeks) -ve

2. l,Iater turnover lrre

3. Íhyroxine secretion rate -ve

NooËhervariablesmetthe5T"signifÍcancelevelfor

entry 1n the morlel.
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4 General Linear Models Procedure

The stepwise regression procedure selected \ùater turnover'

thyroxine secretion raÈe and body weigtlt (42 weeks) as being the

variables most closely associated with FCE (18-66 weeks, 22'42 weeks)

if the data from birds on both feed levels were considered. The general

linear model- procedure (Barr, et aL. L976) was usecl to provide tests of

signifícance (F Èests) for the effects of line, generation and feed

level. These tests cannoÈ easily be obtaíned from the Stepwise

procedure as variables, líne, generation and feed level were forced

into the Stepwíse analYsís.

(a) General Linear }do del Analvsis - Both f'eed Levels

Table 7. General Línear Model Anal- sís - Both Feed Levels

Line. GeneraÈion. Feed Level . tr'Iater Turnover, TSR

and Body l^leight (aZ ¡çeEs)

TCE (22-42 ¡^reeks)

F Value

6.0***
1 5. 9***
91.1***
5.4t

5.2*

23 .8***

*
**
***
ns

p<0.05

p<0.01

p<0.001

not sígnificant

R2 = 0.61

49Error df

Line
Generation

Feed Level

I'Iater Turnover

TSR

Botly trIeight (42 weeks)

Error Sum of Squares

77 .3

LO97 .4

2381. 5

t25.4
4L.7

494.2

28s4.9

3

3

I
I
I
L

l.lns
15.0***
97.6*x*
5.1*
1 .7ns

20.3***

559.3

r496.6

2855.6

168.7

t62.9
745.3

3667.7

Sums of
Squares

F Value Sum of
Squaresd,f.Source

FCE (LB-66 weeks)

R2 = 0.61
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From the above test ít is seen Ëhat the effecÈ of líne

ís significant for FCE (22-42 weeks) but noË for FCE

(18-66 weeks). TSR ís nor sígníficant for FcE (18-66 weeks).

The question arising nor¡r is "Does the above relationship

between FCE and ürater turTover, TSR and bo<ly weight (42 weeks)

hold true for boÈh feed levels?"

(b) General Linear Model- Analy sis - Separate Feed Levels

Table 8. General Linear Model Analvsis - Ad L+b¿hm Fed Birds -
Line, Generation. I¡Iater Turnover, TSR and Þq¡y-Ug1€E

42 weeks

lCE (22-42 weeks,)

F Value

1.4ns

6.1**
4.6*
o.5ns

2.6fìs

R2 = 0.36

* p<0.05

p<0 .01

p<0.001

not sígnfÍcant

**

***

R2 = 0.36

49Error df

3

3

I
t
I

Line
Generation

llater Turnover

TSR

Body l,Ieigt't (42 weeks)

Error Sum of Squares

138.9

611 .3

155. 6

L6.9

88.0

1642.5

0.3ns

5.2**
6.1**
o.ons

3.lns

27.2

523.5

205.2

0.3

103 .9

1660.6

Sums of
SquaresF ValueSums of

SquaresSource df

FCE (18-66 weeks)

ns
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Table 9. General Línear Model Analys is - Feed Restricted

Birds - Llne . Generat íon. l{ater Turnover. TSR

and Bodv !treieht 42 weeks

R2 = 0.60R2 = 0.58

59

FCE (22-42 weeks)

Sums of
Squares

T Value

384.5

975.3

37 .7

67.2

798.8

r715.7

4.4**
11.2***

1.3ns

2.3ns

27.5***

0.4ns

12.7***
0.2ns

3.4ns

2 1 .3***

17.8

623,3

2.5

54.8

347.6

96r.9

3

3

1

t
1

Line

Generation

trIater turnover

TSR

Body weigt.t (42
weeks)

Error Surn of Squares

F ValueSums of
SquaresdfSource

FCE (18-66 weeks)

Error df

**

ns

*

***

p<0.05

p<0 .0 1

p<0. 001

not significant

Fromtheaboveanalysís(Table9)ítj.sseenthatthere

is a significanË effect due to l-ines for FCE (22-42 weeks)

forrestrictedfeedlevelonly.Thíshasbroughtaboutthe

sígnificant F ratio in the combined analysis (Tabl-e 7).

SirnilarlyTSRíssignifícanífoxEcE(22-42weeks)at

ad Libitun f eed level only, which iras resultecl ín this

effecË beíng found to be significant in the comblned

analysis.
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. As a result it was decided to use the general linear

models procedure for FCE versus all other independent varíables

(as specified in stepwíse regressíon proceclure) for each feed

level separaËely. This would enable the relatíonships betr'reen

FCE and the sí-gníficant variables to be expressed in the form

of predíction equatíons.

5. Predictíon Equations

(a) Predictíon Eauations - Purebred Ad Libitum Bftds

The model fitted was:

yi.jk : u + Li + Gi + b fi,tratex turnover iik) + eiik

where rijk -- FcE of the kth ir,aruidual in rne ith
generation and tine ith Líne

= overall mean for FCE

= effect due to 'lr"ith Llrne (í : 7' ...4.)

= effect due to tne jth generation (j :7' ...4.)

= regressíon coefficient

= Ilater turnover of the ijkth indívídual

= random error

lJater turnover

u

lJ1'

Gj

b

iik
eijk
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General Línear Model Analvsis - Ad Libiturn Fed Birds - Líne.Table 10.

Generation and Water Turnover

* p<0.05

** p<0.01

*** p<0.001

ns not signiflcant

SÍnce the effect of lÍne is not sígnifícant the predictíon

equations can be written:

FcE (18-66 weeks) = 6.2 + Gj + 0'14 (lüater turnover)

where G, = 12.6

FCE (22-42 weeks) =

where G, =

Gz=
Gz=
G¿=

5.9

0.6

0.0

8.3 + Gj + 0.12 (I^Iater turnover)

16.1

7.8

3.2

0.0

G
2

Gs

G¿

R2 0.31R2 = O.32

1.1

5. 3**
8.0**

r12.2

550. 5

27 5.6

L7 53.2

0.0

4.5**
11.6**

3.6

463.2

402.2

1764.5

3

3

1

51

LÍne

Generation

Water Turnover

Error Sums of Square

Error df

F ValueSums of
SquaresF ValueSums of

SquaresdfSource

ICE (22-42 weeks)FCE (18-66 weeks)
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(b) Prediction Eouations - Purebred Restricted Fed Birds

The model fitted was:

yijk : u + Li + Gi + btl lnoay weight (42 ueeks)iiÐ +

bz lPlasma thyroxine iiÐ + eíik

where Iíik : FCE of tte kth indíviduat in tte ith
thgeneration and ttre i

overall mean for FCE

= effect due to tn" ith Lí¡e (i:7, -..4)

= effect due to tne jth generatíon (i : 1' ...4)

b, = tegression coeffícients

lLne

L¿

u

cj

b
1

5

Body weight
(42 weeks) iik = Body weight of the iikth índividual

Plasma tllyroxine iik = Plasma thyroxine of the iikth inclividual
eijk = random error

Table 11. General linear Model Analysis - Restricted Fed Birds - Line,

Generation . Bodv tr{eisht. and Plasma Thyroxine

R2 = 0.61R2 = 0.61

5.7**
9.6***

25. 0***
5.9*

476.5

793.r

689.7

L62.2

L66r.4

60

o. 6ns

13.3***
18. 7***
8. 3**

24.8

595.9

279.8

L23.4

896 .5

68

3

3

I
I

Líne

Generation

Body trIeight (42 weeks)

Plasma Thyroxíne

Error Sums of Squares

Error df

tr' ValueSums of
Squares

fCE (18-66 weeks)

Sums of
Squares

F ValuedfSource

FCE (22-42 r¿eeks)

* p<0.05

p<0 .01

p<0.001

not sígnificanË

Please note different degrees of freedom

in error mean square.**

***

ns
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Ttre prediction equatíons are:-

FCE (18-66 weeks) = 47.7 + Li + GJ - 0.01 (Bocly weight -

¿rZ re"ts) . 4.g (Plasna thyroxine)

where Ll = Lfne A, = 1.3 and G, = 11.0

LZ = Line A, = 1.8 GZ = 4.L

LA = Line AO = 0.6 GA = -2.2

L4 = Líne CO = 0.0 G¿ = 0.0

I.CE (22-42 weeks) 59.3 + ti + Gj - 0.02 (Bocly weight -
42 weeks) - 5.66 (Plasma thyroxíne)

Gl = 13.4

GZ = 8.5

GS = 0.0

where L
7

= Line Ll

L = Líne A,

= Line AO

= 5.4

= 7.5

= 1.5

2

3
't L4 = Líne C, = 0.0 G¿ = 0.0

These prediction equatíons quantitate the relatíonship

between FCE and other terms ín the model.

There !,rere no differences beÈween lines with period of FCE

determination for those ¡ira" feeding aÅ.'Libitun For the restricÈed

Lines, however, there qras a difference. Line A3 and 41. had superÍor FCE

over the period 22-42 weeks but these lÍnes could not maintain their stamina

for the remainder of the egg laying period. Their FCE declíned to levels

slnllar Eo Èhose of A4 and C4 by 66 weeks of age.

6. Physiology and the Predicrion Equations

I'Iater turnover is the only physiologÍca1 parameter of those

measured which assumes significance in the hens which have no constraints

on feed Íntake. rt is su-::nised that hens alloved ad. Libítwn

food supply, do not requíre the fíne levels of thyroid hormone control

observeC ín the restricted hens, where absolute levels of circulatíng

thyroxíne enter the mode1.
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The lower plasma T¡ values of the effícient restrlcted hens

compared to inefficient birds coul-d rePresent one of the following:

1. A decreased output of Ta from the thyroíd gland in efficíent bírds.

Brake and Thaxton (1979) have observed that an íncrease in plasma

T4 hras coincident with a loss of weíght and presunably function of

the ovaries. BÍrds r¿ith l-ower plasma T4 are then probably more

primed for processes associated wíth producÈion of eggs.

2. Theremay bel-ower plasma Tq values ín efficient resËrícted bírds'

because greater amounts of Ta are converted to Ts by peripheral

monodeiodinaÈÍon. Ilence efficient restrÍcted hens may have an

lncreased extrathyroidal pool of T3 compared to inefficient birds.

oppenheímer, et aL. (I972b) and Ingbar and Braverman'(1975) have

suggested thaË T+ ís a pro-hormone, and only T3 has íntrinsíc

hormonal activiÈy (though ttris is not well supported). Presuming

that efficient restrícted hens have higher levels of T3, thls may

then account for the increased egg producËíon rates of the efficient

birds. Grandhi and Bror^m (L975) have speculated that T3 has Èhe

direct role of nrobilizing nutrients for egg productíon.

Grandhi and Brown (1975) have observed also that growing chiekens

have a higher Ta : T3 ratio than laying hens. The plasma levels of

Tr¡ relative to T3 may control- the prÍoríties of metabolic activítíes

assocíated with growth, maintenance and egg productfon. Assuming

that there ís a nearl-y constant iodohormone synthesis in a1-1 hens '

adult birds wÍth higher plasma T4 (and hence greater Tç : Ts ratío)

nay be more primed for grohtth processes. Such birds may contlnue

to grow and deposit adipose tissue at the expense of egg production,
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this being reflected in their hígher body weíght and lower FCE as

predicted by the equation.

In the hensfed ad Libítun, thyroxine probably assumes a minor role

in determÍning efficiency. The efficient hens are those turning

over more vrater, reflecting the role of water as a carríer of

nutrients and energy for egg production. In cattle, Good (personal

comnunication) has observed that plasna T3 levels and water Èurnover

are linked. T3 maj also be linked wíth water metabolism in hens

fed oå. Libitwn.

From the analysis ít is clear that hens subjected to restricted

feeding exhibit a greaËer range of functional efficíencies. The

differences observed between the línes that have been on restricted

feed are not apparent among Iínes of bírds f.ed ad Libitwn. These

observations indicaÈe that there is potential for genetic studies

fn a wide range of characters of bÍrds which have been exposed to

stress situatíons such as restricted feeding.

B. Analysis of Variance for Purebred Birds

The analysis of varíance (Barr, et aL. 1976) and Least

SignÍficant Difference (LSD) were used in further Èests of the effects

of line, generatíon, feed leve1-, line by generatíon interactions, llne

by feed level interacÈions and generation by feed level ínteractíons

on productÍon, physiologícal, egg shell qualíty and bocly weíght

variables.

LSDrs are based on the comparíson of 2 means. Sirnul-taneous

pairrnrise comparison of 4 means (e.g. 4línes or 4 generatÍons) aÈ the

5% signif.icance 1evel, underestimaÈes the true probability Ievel.
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However if the 1% significance level is used to calculate the LSD then

the probabilíty of rnaking joint lnferences about all paired comparísons

among the 4 means will be close to the required 5% sígníf.icance l-evel.

The formula used to calculate LSD was

LSD=t0.01, f 2 EMS (Clarke, L969)
n

¡¡here f.

n

EMS

to. ot

to. 
oz

to.os

error degrees of freedom

average number of observations

Error Means Square (from analysis of varíance

tabl-e)

Students I t 17" probability value (two-tailed test)

for comparison of 4 means

Studentst t 27" probabílity value (two-tailed test)

for comparíson of 3 means

StudenËst t 5% probability value (tr¿o-taíled test)

for comparj-son of 2 means

In the disoussion that follows, results are discussed in the same order

that they are presented in analysis of varíance tables.



tno Table 12. Anal of Variance for Purebred Production Datavsa S

Ave. Egg
tr{eight

(22-42
weeks)

F value

4 .38**

3 . 1l,t

16.72x**

'2.L4*

:0.53ns

1. 12ns

10. 48

105

Ave. Egg
I,üeight
( 18-66
weeks)

F value

5. 43**

4. 9 3**

19 .01***

I .4gns

0.03ns

t. 54t"

L0.77

105

Egg No.
(22-42
weeks)

F value

1. g4ns

6 .50*'k .

203.34***

I .2gns

I .25ns

o.o6ns

280.45

106

Egg No.
( 18-66
weeks)

F value

o.27rLs

6.64***

189.31***

o.gons

o.73ns

o.15ns

L244.27

106

Feed Int.
(22-42
weeks)

F value

5.29**

1. Olns

1000.79

2.2r*

1.4gns

o .4Ins

46.87

106

Feed Int.
( 1 8-66
weeks)

F value

4.74**

0 .56ns

658. 33***

2.43x

0. g4ns

o . 15ns

6L.63

106

TCE
(2242
weeks)

F value

3 .04*

12. I 8***

50 .44***

1.7gns

1.55ns

o . olns

39.27

106

FCE
( 1 8-66
weeks)

F value

o.3gns

13.73***

60.83***

1 .7ons

o . g3ns

o.oons

29.8L

106

df

3

3

1

9

3

2

Source

Line

Generation

Feed Level

LÍne by Gen

Line by
Feed Level

.by Feed
Level

Error Mean
Square

Error df

NoÈe: Line by generation interaction degrees of freedom are 8 for

average egg weíghr (18-66 weeks) and average egg weÍght (22-42 weeks)

* p<0.05

** p<0.01

*** p<0.001 .-;ns not signffica¡rt
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Table 13. The Mean Product lon Performance of Purebred Lines

"b" M.ro" in the same colrmn differently superscripted are signifícantly different (p<0.01).

*o" = non-sÍgnificant in analysis of varíance (Table 12). Numbers in brackets are dtfferent from the

bird nrnbers indícated fn the first coh:n¡r.

Ave.Egg
I^Ieight
(22-42
weeks)

(e)

54.gb

52.74c

53.74c

sl.34 (29)

2.1

Ave.Egg
I,[eight
( 18-66
weeks)

(e)

50. ob

55. Oab

56 .3ab

54.L4 (2s)

2.2

Egg No.
(22-42
weeks)

77 .7

74.8

60.0

65.2

ns

Egg No.
( 18-66
weeks)

r39.8

r40.7

r27.0

r40.9

ns

Feed Int.
(22-42
weeks)

(e.24h-r)

105.4b

1oo.2a

97.24

99.34

4.5

Feed Int.
( 18-66
weeks)

(e. 24rr- 1)

103.6b

98.34

96.La

97.74

5.2

FCE
(22-42
weeks)

( 7" )

24.6ab

27.7b

22.54

23 3a

4.1

FCE
( 18-66
weeks)

(%)

23.L

23.2

2r.5

22.7

+
ns

No.of
birds

30

32

36

30

LSD (P = 0.01)

Line

Ll

Lg

Ã¿

CE
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I. Anal- ís of Varíance for Purebred Produ ctlon Data

(a) Lines

(i) Feed Conversion Effíciencv (Table 13)

There Ìfas no significant difference between lÍnes for

FCE when measured over the ful1 laying period of 18-66 weeks.

over the age period,22-42 weeks, however, line A3 had sígníficantly

higher FCE than 2 other línes and nr¡nerlcal-ly higher FCE than

tríneAl'ItísclifficulttoseewhylineA3ísmoreefficient

that llnes Ar ¡ A4 and ct when considering feetl intake, egg number

and average egg weíght separately (see Table 13). However, in a

previous analysís (Stepwise regression procedure) indívídual

birds that produced hígh egg numbers and egg weighËs, but hacl

1ow feed consumption, \^rere the most effícient. Líne A3 birds

probably had a better combination of Ëhese characteristícsthan

the oÈher 1ínes, which r¡ould oonËríbute to its superior perform-

ance in this earl-Y laYing Phase.

(ri) Feed Intake and Averaee Egg I^leight (Table 13)

Birds of líne A1 lrere shown to have sígnificantly higher

feed intake over the 2 age periods than the 3 other lines.

This was reflecËed in the average egg weíght of this líne which

was signifieantly hÍgher than all other lines in the early

laylng phase (22-42 weeks). But these dífferences largely

disappeared when egg weight ldas assessed over the ful1- laying

períod (18-66 weeks). In the analysis of variance (Table 12) a

significant interaction for 1íne by generation for feed intake

was observeil over tt.e 2 Periods.

Tables 14 and 15 show that the overall higher feed íntake

for line A1 was primarily due to the unusuall-y high feed íntake

of its generatlon 2 birds, and partly to the generation 4 birds'
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Table 14. Purebred Line bv Generation for Fee d Intake 08-66 weeks)

Line
LSD
(p=o . o 1)

abc means in the same ror,r dífferently superscripted are

signifícantly dífferent (p<0.01).

BÍrd nunbers are indicated in brackets.

Table 15. Purebred Line bv Generation for Feed Intake ( 22-42 weeks )

Line

abc means in Èhe same rorü differenÈly superscripËed are

signÍ-f ícant1-y dif f erent.

Bfrd numbers are indicated in brackets.

In the analysís of variance (Table 12) a significant interaction

for line by generation for average egg weight (22-42 weeks) was found.

4 tol .7 (6) b" gg.gnac91.6(5) a 13 .0100.3(4) ac

3 95.1(1s) a 100.6(16) a 94.9(13) a96.3( 1S) a 7.3

2 ee.8( lor'119.2(8) b ss.4(n)a9s.o(11)a ot

Bo.o(1) â8o.o(1) aI 80.o(1) a 29.L104.0(1) a

( s. z+tr- t )
Ae

G.24Lf t)
AT

GeneraÈion G.Z4n-t) (e.24h-r)
Aq Ct+

ro7 .7 (6) bc
4 97 .0(6) ac

95.0(5) a LL.4100.s(4) ac

96.9(15) a3 s6.2(ß)'a98.2(18) aroo.3(16) a 6.4

2 104. s( 101122.8(8) b 101 .8( 12) 
a97.2(rÐa 8.0

80.0(1) a
1 80. o(1) a80.o(1)a 2s.4104.0(1)a

Generation
Ae

G.z4n-t)
Ar

( g. 24rr- t )

C+

G.24h-r )G.24n-r)
A+ LSD

(p=0 . 01)
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The high feed intake of line A¡ birds in generation 2 (table 15) was

also reflected by the high average egg weight of this líne of blrds

1n generation 2 (Table 16.)

It ís of inÈerest that one generation of birds of a particular

line should have marked íncreases ín feed intake and egg weight. The

inbreedíng procedure used may have resulted in this unusual response.

Also lÍne Ca bírds ín generatíon 3 (table 16)produced eggs of lower

weight than all other lines in generaÈion 3.

Table 16. Purebred Line by Generatíon for Average Ege l^Ieisht e2-42 weeks)

Line

"b t""n" in the same row dífferently superscrípted are signifícantly

different (p<0.01). Bird numbers are indicated in brackets.

(1íí) Egg Producríon (Table 13)

No sígnificant differences in egg producËion were observed

betr,¡een línes over the 2 periods although numerical differenc.es

are obvíous. As mentioned prevíously, however, it ís birds

with the better combinatíons of low feed intake, high egg

production and hígh egg weight whích are the rnost effícient.

,t

I

r

s.450.7 (Ða55.2(64s3.3(s)aso.8 (6) a4

3.048.6(n)a52.6(LB)bs2.6(16) bs4.4(1s)b3

3.853.7 (r2)as4.6(11)as2.6(10)ase.3 (8) b
2

L2.O56.4(:r)a53.4 ( 1) 
as3.6(1)as1.o(1)aI

(e)(e)c I((e)

LSD
(p=0. o1)

c4A4A3AlGeneration
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(b) Generation

(i) Feed Conversion EfficiencÍ (Table 17)

There nas a general- decline tn FCE for both Periods from

generatlon 1 to generation 3, with the most narked declíne

occurring from generation 1 to generation 2. There was also a

signLficant fall- Ín FCE for both perlods from generation 2 to

generation 3. Ilowever, there vlas no significant decline between

generation 3 and generation 4 ln FCE for both perfods. The

'trend of a decline in efficíency is considered to be due to

the effects of inbreeding. The statistical- validity, however,

of comparing 4 blrds in generatlon 1 to 41 birds in generation

2 fn these analysis is questionable.

I

i'

I

I
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The Mean Production Performance of Purebred Birds for Each GeneraËion

tb"d.."os Ín the same col-1unn differently superscripted are signíficantly different (p<0.0I),

* o" =.not significant ín analysis of variance (Table 12).

Numbers ín brackets are different bírd nrmbers fron those given ln the second columr.

ç)

52.34

2.L

abs3.6

b54.3

s2.1(61)a

(e)

Ave. Egg
weight
(22-42
weeks)

s4.7 (6Da

55.4 ab

2.2

)oö(

54.94

57.6b

Ave.Egg
weight
( 18-66
weeks)

11.0

75.Ob

6r.74

62.44

89 .0c

140. Oa

23.2

186.5c

150. 4b

L23.34

Egg No.
( 18- 66
weeks)

Egg No.
(22-42
weeks)

ns

105. 3

98.0

100.2

G.24h-L)

86 .0

Feed Int.
(22-42
weeks)

96.8

100.2

NS
+

84.5

ro2.2

Feed Int.
( 18- 66
weeks)

(e.24h- I 
)

22.44

4.r

26.gb

22.64

)/"(

39.4c

FCE
(22-42
weeks)

3.6

bd24.7

20.oa

ad22.5

(%)

35. gc

FCE
( 18-66
weeks)

Table 17

62

2L

4

4I

No.of
birds

4

LSD
(p = 0.01)

2

3

I

c"L.r-
-tÌ-on

t
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(ii) Feed Intake

Although the numerical diff erences in feed intake rrrith

generation are obvious (Table 17) they are not significant. The

interaction of line by generaÈion for feed intake has prevíously

been discussed.

(ili) Egg Productíon

As observed for FCE, egg production declined markedly frour

generation 1 to generation 3 wÍth the most obvious decrease

occurring from generation 1 to generation 2.

(iv) Average Eeg tr^leight

No obvious trends are aPparent IÀtith generatíon effecÈs on egg

weight. The interactíon of line by generation for average weight

(22-42 weeks) has previously been dfscussed.

(c) Feed Level

(f) Production Variables

I,Iíth severe reductíon in feed intake of approximateLy 337"' FCE'

egg number and average egg weight $Iere observed to fall rnarkedly

(Table 18). Jalaludin (1969 as reportett by sykes L972) claimed that

egg production rÂras not reduced when daily intake lüas as low as 782 KJ

of l{E. In this study average daily íntake was 884 KJ of ME.

' PeËersen (1971) ancl Supramaniam (1970 reporÈed by Sykes L972)

indicate that daily lnPuÈs ln excess of 1000 KJ of ME are required to

maintaín normal production levels. This daíly inÈake of 13 g protein per

bíril in this present stuily is much lower than the daily intakes of L7 g

proteln which are known to support norpal producÈion levels (Adarns,

et aL. 1970). However, Bxay and GesseL (1964) have shown that egg

ì
I

I

3
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productlofi decreases onLy when dally tntake falLs below L2 g.

Differences ín proÈein quallty of the diets and amlno-acid

absorption rnay account for these differences. the decllne ln

egg wefght with feed restrictlonrparallels the observatíons of

many other workers Auckl-anfl and l,lilson, L975a; Auckland and

Fulton, Lg73b; Balnave, 1974. Snetsinger ancl'Zirnmerman, 1974 and'

Wells 1974G). Ir is obvious from this present work that feecl

restriction of 33i4 ís too severe. As dlscussed previously there

are a snall proportfon of the severely restrícted popul-ation whích

had FCE superior to ad Libitwn fed bfrds. The inbreedlng policy

used, however, did not result Ín any great proportion of birds

of each generation exhÍbiting high FCE.

I

1

I

l
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Table 18. Effect of Feed Level on Productíon Var iables for Purebred Birds

5969Bírd number

20.r13 .0G.24h-t)Proreín inrake (22-42
weeks)

19. s13 .0(e.241ri-r)Proteín intake (18-66
weeks)

L37t884(KJ Iß .z4h-L)KJ intake (22-42 weeks)

1331884(KJ ME .24h-'L)KJ intake (18-66 weeks)

1.1s4 .6 (s8) b
5t .54(e)Average egg weight (22-42

weeks)

t.257.6(sB) b
55.64(e)Average egg weight (18-66

weeks)

5.993b44
a

Egg nnrnber (22-42 weeks)

L2.O189
bg2aEgg nr:mber (18-66 weeks)

2.229.4b
20.34(%)ECE (22-42 weeks)

r.927.rb
18.44( 7" )FCE (18-66 weeks)

2.4t24.1bgo.0a(g. 24h- 1¡Feed íntake (22-42 weeks)

r20.5b80.04(e. z+r,- t¡Feed intake (18-66 weeks)

LSD
(p=0.05)Ad Libitunil,estrictedVariable

2.8

ab means rn same row differently superscripted are sígnificantl-y

different (p<0.05).

Nuuiber Ín brackets are dífferent bird nuurbers from those given

in last row.
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Table 19. Anal sis of Varl-ance for ?urebred sío1o al Data

* p<0.05 TBId = Total bodY water

** p<0.01

*** p<0.001

ns not signifícant

Note: Analysis of varíance for metabolic rate used

K cal. I,I 0'75. 24h-r units to calculate Error Mean square.

Conversíon to KJ.kg-O'75 .24h-l occrrr" ín any calculations

of LSD.

106106106106106Error df

0.070.03LO.L7537.5559. 11Error Mean Square

**
5 .80

*
4.2r

*
4.012.57fts1.33ns2

Gen. by Feed
Level

1.44ns7 .67
***

o. 6gns
*

3.071. 61ns3
Líne by Feed
Level

1.ognso.40nsl.ggns0.74ns0. B6ns8LÍne by Gen.

**
8.250.0tns

t¿ú

51 .01o. BTns
***

26.35IFeed Level

s.78
*****

22.69
***

22.O9
ù¡

s.02
***

13.523Generatíon

1. 2gns1. g4ns4.92
**

o.02ns2.43îs3Líne

F valueF valueI valueF valueF value

Plasma
Thyroxine

Thyroxine
Secretlon Rate

TBlt% of
Bocly !t t.

I¡Iater
Turnover

Metabolic
RatedfSource
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Table 20. The Mean of Phv osical Varíables of PurebredLinessiol

ab means an Ëne same cofu¡mn differently superscripËed are signifi-cantly illfferent (p<0.0f)"

*rr" - not significant in analysis of variance (Table 19).

TB¡¡ = lotal body water

Plasma
Thyroxine

(ugr+at- I 
)

t.229

1.133

r.290

t.r73

ns

Thyroxine
Secretion RaËe

(ugr,r, loog- t . z4tt-r )

0. 653

0.603

o.720

0.628

NS

TBW 7"

Body l,IeighË

(%)

56.94

57.r4

60.2b

59 8b

2. I

tr'Iater
Turnover

(m1.kg-r .24tt-t)

L24.3

L24.4

LzT.9

L27.8

ns

Metabolic
Rate

(rJ.ke-o '75 .z+t-t)

34L

34L

343

355

+
ns

No. of
Birds

30

32

36

30

LSD
( P ,= 0.0t)

LÍne

At

A¡

A
4

c
4
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2. Analysi s of Variance for Purebred Phy siologícal DaÈa

(a) Línes
(i) MeÈabolic Rate and l,Iater Turnover

There r{as no signifícant difference between línes in metabolic

rate and \ilater turnover. Líne CO birds had a nunerically hlgher

netabolic rate which is reflected by the numerically higher I'later

turnover value for thís line. (The resulÈs in Table 20 are mis-

leading as they eompríse both the resËricted and ad Libitt¡n birds,

whlch were found to have dífferent physiological relationships).

In the analysis of variance for purebred physíological data, an

interactiol r¡ras found betr¿een line and f eed 1evel (Table 19 ).

Measurements comparíng restricted and ad Libíkrn fed birtls in rates

of water turnover have noÈ been reported in the literature.

However, there are a number of reports which indicate thaÈ water

intake is closely correlated witii food inËake (Anderson and Hill'

1967) .

Table 21. Purebred Line by Feed Level for Water Turnover

Feed Level

L22.74

means in same row differently superscrípted are significantly

different (p<0.05)"

I{íth the severe feed restriction of 337á ít would be expected that

rùater turnover of the restricted bírd would be much lower than the

16
4

c T4L32.34 16.8

22
4

A t4113 . la ts.4135.8b

L6
3

A r2g.oa 119.ga16 16.3

15At 15125.84 16.8L22.ga

No. of
Birds

No. of
Bírds

(m1 . kg- r .24t- t'¡

trlater
Turnover

LSD

(p = o.o5)
Llater

Turnover
(rn1 . kg- | .24h-r)

Line

Restricted Ad Libitun

ab
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ad Libikm fed bird, yet there was only one line of birds (AO)

which behaved as expected (Tabl-e 21). All- the other lines (41'

A^ and C, ) showed no sígníficanÈ dífferences in water turnover
5+

between f e.ed levels. It was observed that bírcls on restrícted

intake were able to consrme Èheir ctaily feed r¿ithin t h.

Subsequently these birds may have consumecl more \¡later than expected

to reduce boredom or to achÍeve crop fi1l. No quanÈitÍve measure-

ments of tírne spent drinking were made,however, between birils on Ëhe

2 f eed. levels. Line Ao hact the numerically lowesÈ ECE (22-42

weeks) when water turnover measurements were made. In a previous

analysis it was shown that FCE (22'42 weeks) was signifícantly

correlated wÍth \¡rater turnover (r = 0.230**, Tabl-e 3). The Lor¿er

rüater turnover and FCE of Ëhis líne reflecË the correlation between

these variables. However, line CO also had a low FCE at 22-42 weeks

(Table 13), simÍlar to line AO, but theirwater turnover was numerícally

higher than that of line AO. Thís can be explained by the hígher egg

production of line CO (Table 13), compared to líne AO, reflecting the

low but significant correlatíon between FCE (22-42 weeks) and egg

production during weeks 22-42 (r = 0.181*, Table 3).

(íi) Total Bodv tr{ater as 7" of Bodv l{eÍght

Two lines of birds (4, and Ar) were found to have a

significantly higher body fat content than the other 2 lÍnes

(AO and C*). These differences are díscussed later in relation Eo

generation and feed level.

(iii) Thvroxine Secretion Rate (TSR) and Plasrna ThYroxine

There are no sígníficant differences between lines in TSR

and plasma thyroxine, but a signífícant interaction was found
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between line and feed leve1 for TSR (Table 19). Line A, bírds

had sígnifícantly lower TSR with restrícted feeding than the birds

fed ad Líbitum (Table 22), though lines A, and CO showed no

slgnificant differences in TSR between ad Líbitun and restricted

feedÍng. Inter.estingly line AO had signíficantly higher TSR on

restrícted feed than on ad Libitwn feeding. Line AO may not have

used the thyroxine as well as other lines. They produced fewer

eggs and had low FCE (Table 13).

TabLe 22. Purebred Line by Ïeed Level for TSR

Feed Level

ab means in same row differently superscrípted are significantly

dlfferent (p<0.05).

It is not líkely that the severe feed restriction ímposed on the

línes induced stress and raised thyroíd gland activity' since

Brown - Grant (1966) showed an ínhibítion of thyroid activity with

sËress in a number of species of animals. Nevertheless high TSR

probably contributed to a decrease in the hens ovarian functíon

and subsequent egg production. Only line A, was abl-e to maintain

low TSR in the restricted phase this beíng reflected in íts

L40. 6B5aT6
4

c 0.1260. 5634

b0.80222
4

A 0.115o.5g2aL4

T6Ar 0.706b160.5014 o.r22

0. 6484I5At o,1260.657415

No. of
Birds (ugrq. loog-r .24h-1) nitd"

TSR I No. of LSD
(p = 0.05)(Ugr,*. 100g-t .24h-\

TSR
Line

Restrícted Ad Libitm
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significantly higher FCE (22-42 weeks).

A significant interaction was obtafned for generatíon by

feed l-evel for TSR (Table 19)

Tabl-e 23. Generatíon by Feed Level for TSR for Purebred Lines

Feed Level

abc means l-n same column differently superscripÈed are signíficantly

dÍfferent (p<0.01) .

Frorn Table 23 iË is seen that restricËed birds ín

generatíon 3 had a significantly higher TSR than all other

generations. Birds on ad Libitwn feedíng in generation 3 also

had significantly higher TSR than birds ín generations l, 2 anð' 4.

A significant interaction was obtained for generation by feecl

level for plasma thyroxine (ta¡1e 19).

LSD
(p = o.o1) 0. 118 o.L26

4 o.53741l 0. 486
ab

10

373 25o.827b 0.745c

182 23o.462a' 0.586b

3I I0.5074 0.3804

No. of
birds

No. of
Birds(ug T+.1009 -r.24tt-r)

TSR
(ug T+. loog-r .24h-r)

TSR

Generatíon Restrícted Ad Lib¿tun
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Table 24. Generation by Feed Level for Pl-asma Thvroxine for Purebred

Lines

Feed Level

o.r92

tb M."n" in same colt¡nn differenÈly superscripted are

significantly different (p<0.05) .

For restrícted birds there l{as a trend Èoward higher levels of

plasma thyroxine from generatíon 1 to 4 (T.abLe 24) reflectíng to

a degree Ëhe declíne in observed FCE (22-42 weeks). However ín

birds fed ad Libitun this nr:merical trend is not as obvíous as ín

generations 2, 3 and 4 inclusive which \.Iere noÈ sígnifícantly

different. This ¡¿ould partly explain why plasma thyroxine díd not

enter ínto Èhe prediction equation for FCE with ad Libitur¿ birds.

LSD
(p = 0.05)

0.181

4 r.422b
11 10 1 . OBBb

3 37 L..382
b 25 1. 15Bb

2 1 .07g418 23 1.138b

1 3 I0.980

(ug T+ dl-r¡
a

(ug T ,* tlt- I 
)

0.78 0a

No. of
birds

Plasma
Thyroxine

No. of
birds

Plasma
Thyroxine

Generation Restrícted Ad Libitum
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F{ Table 25. The Mean of sío1o ical Variables of Purebrecl Birils

over the 4 Generations

"b" M."rr" in the same coh:mn differently superscrJ.pted are significantly different (p<0.01).

Plasma
Thyroxine

(ug Tq at-t)

o .9 304

1.110b

I.29tbc

r.262c

o.L74

Thyroxine
Secretion Rate

(ug T+. 100g-r.
24n-r)

o .47 5a

0.531
a

o.7g4b

o .51 2a

0. 114

TBI^IZ

Bocly Tüeight

(%)

66.9c

5g.34

57.04

6L.9b

2.L

WaËer
Turnover

(nl kg-t
24 h )

152.4c

11 6. 1a

r25.Oa

b
134 .0

15.2

Metabolic
Rate

(r.l . te-o'75
24h-t)

336fì

a
33 I

b
36L

3264

2L

No. of
Birds

4

4L

62

2l

Generation

I

2

3

4

LSD
(p = o .01)



113

(b) Generation

(i) Metabolic Rate

Generation 3 bírds showed a signífícantly hígher metabolic

rate than all other generations. Thj-s was probably caused by the

sÍgnifícantly higher TSR for this generation (Table 25). Metabolíc
***

rate hras signíficantly correlated with TSR (r = O.270 , Table 4).

In mammals the relationship between metabolíc rate and thyroíd

activity has been well establíshed (Collins and Weiner, 1968). This

relationship in birds has noË been fully investigated but evídence

available indícaÈes birds have the same relationship (Falconer, L97L) .

This relationship was observed when environmental temperatures vlere

varied and bird response Ín metabolic rate and TSR measured. A1l-

TSR and metabolíc rate measurements in this presenË study were taken

when shed temperatures eould be maíntained between 180C and 260C.

Generatíon 3 birds had one of the lowest numerical FCErs and TSR was

found to be negatívely correlated wíth I'CE (18-66 weeks and 22-42 weeks;

see Table 3) when all birds $rere considered.

(íi) I^Iater Turnover and Total Bodv Watet as a 7" of. Bodv l^Ieieht

Table 2

Íùater content of the hens in this present study has been simply

calculated as ml.kg-l expressed as a 7". The difference between Ëhe

water contenÈ and the body weíght is Èhe body solids content. In

the discussion that folloT^rs, a high body I^rater i4 l:.as been interpreted

as neaning a low body fat value. In Èhe strict sense however, this

should be referred to as a low body solids content. However, Farrell

and Bal-nave (L977) have shown thaÈ determj-ned body fat is negatively

correlaÈed with tritíated \ÂIater space of hens. Hence body water %

in hens has been ínÈerpreted as beíng an inilicator of body fat
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contenË. However it must be made cl-ear that all bocly so1íds are

not fat.

lJater turnover rtras signifícantly different for all generatíons

except generatíon 2 and 3. It is interestíng to note that Ì^Iater

turnover of birds in each generation largely parallels theír bocly

fat measuremenÈs. There was, however' no significanÈ correlation

beÈween Trateï turnover and TBI¡I as a % of boily weíght (r = 0.163'

p = 0.065). A signifícant interaction rüas found between generation

and feed level- for TBII as a 7" of body weight (Table 19). Generatíon

3 bÍrds on restricted feed had sígnificantly higher body fat 1evels

(Table 26) than all other generations. Thís generatíon of bírds

also secreted significantly more thyroxíne although plasma thyroxíne

was not unusually high. FCE (22-42 arrd 18-66 weeks) for generation

3 birds was low índicating thaÈ birds \¡rere vlasting food resources by

laying down extra fat. Generatíon 1 birds had lower body fat than

any other generation and this was reflected in theír high FCE. For

ad Líbitwn fed birds the generaËion TSR levels (Table 26) almost

mírror the generation body fat levels, but do not reflect the FCE

levels. However the síngle bird of generation t hatl an exceptional

FCE (refer appendices) and low carcass fat levels. The general

trends seen here with FCE and carcass fat confirms the observatíons

of Neill , et aL. L977.
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Table 26. Generation bv Feed Level for TBI¡I as a 1Á of Bodv l^Ieisht for

Purebred Birds

Feed Level

"bt M.".," in same column differently superscripted are signifícantly

different (p<0.05).

(iíÍ) Thyroxine Secretion Rate and Plasma Thyroxine

(c)

These results have been discussed previously in relation to

line, generation and feed level.

Feed Level

TabLe 27. EffecË of Feed Level on Phvsioloeical Varíab1es for Purebred Bírds

LSD
(p = o.o5)

2.2 2.3

114 62 7b 10 60.4
b

3 37 2558.74 54.34

182 62.3b 23 55.24

1 66.7c3 1 67 .5c

No. of
Birds

No. of
Birds

TBtr^I as a 7" of
Body l,treight

(i¿)

TBI,I as a 7. of
Body !üeight

(i¿)

GeneratÍon

Restricted Ad Libitun

5969No. of Birds

0.093o.973bL.3734(Ue Tu.dl-- 1)Plasma ThyroxÍne

NS0.632o.672Thyrox ine SecreÈ- (W ru.I00g-1.24h-r)íon Rate

1.156.0b60.74("/.)TBlf as a%of
Body l,Ieíght

+ns125.0r24.O(ml.kg- t .24tf t)tr'Iater Turnover

11362b33oa(zu . kg-o '7 5 .z+t- ')Metabolíc Rate

LSD
(p = o.o5)

Ad Lib¿tunRestrictedUnitsVariable

ConÈinued on next page.
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tb M""rr" in same row differently superscripted are significantly

different (p<0.05).

+'ns not significant in analysís of variance (Table 19).

(i) Metabolic Rate

Metabolic rate of the resÈricted birds was sÍgnificantl-y

lower than ad Líbitun birds (Table 27). Bal.nave (1976) could

detect no difference ín metabolic rate between birds fed ad Libitun

and those on restricÈed intake. Hor¡ever Morríson and Leeson (1978)

found that birds on resËrícted feedíng had lower metabolic ttr.,

Reference to Table 3 indicates thaË metabolic rate is sígnifícantly

correlated with feed intake and egg number.

(íi) I,trater Turnover

The water turnover results have previously been discussed ín

relation to 1ine, generatíon and feed 1evel.

( ar- r.,l Total Body InlaÈer as a % of Body Fat

The carcass fat of the birds on restricÈed feed was

signifícantly lower than ad Libítum fed birds. Jalaludin (i969) as

cited by Sykes (1972) and llannagan and trüi11s (1973) have reported

that energy resÈrÍction in hens results.in a reduced proportion of

body fat.

(iv) Thyroxíne Secretion Rate

These results have previously been discusseil in relation to

1ine, generation and feed level.

(v) Plasma Thvrc¡xíne

These results have already been discussed. A further point of

interest however, is thaËTurner et aL. (1945) cited by Falconer
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(1971) observed that \^ríth high rates of thyroxíne feeilíng, e4g production and body weight

decreased. This para1le1s the observatíon ín Èhis work although the high plasma thyroxine

values for the restrictecl blrils hras presumed to be a functíon of their poor feedíng raËe.

Table 28. Analysis of Variance for Purebred Ese Shell Qualitv Data

PorosÍty

F Value

*
2.74

0. g5ns

J¿J

L3.28

0 . g7ns

1 . Bgns

o. g2ns

0.2L5

104

Egg
Conform-
ation

F Value
¿JJ

L2.49

5.30
¿¿

0 .4 5ns

1 . 7lns

1 . ggns

2.42ns

0.002

10s

Shel1
Thickness

F Value

I .67ns

***
23.34

1 .5Ons

I . BBNS

o.73ns

2.g5ns

40r .3

105

She11
trIeight

Shell- I^Jeight per
Surfaee Area Egg

F Value

1.g2ns
J¿&

tL.75

o.26ns

1 .33ns

I . g4ns

L.7zrLs

L6.2L

105

F Value
&

3.96
&-L&

14 .80
*

7 B4

1. 35ns

I.lgns

3 . O5ns

o.t42

105

df

3

3

1

8

3

2

Source

Line

Generation

Feed Level

Line by Gen.

Line by leeil Level-

Gen. by Feed Level

Error Mean Square

Error df

*

**

p<0.05

p<0.01

*** p<0.001

ns not significant
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'-{ TabLe 29. The Mean of Egg Shell Qualíty Variabl-es of Purebred Lines

"b M""o" in the same column differently superscripted are slgnificantly different (p<0.01).

*rr" = not significant in analysís of varíance (taUre Zg).

Numbers in bracket is diffeient bírd nr:rnber from that given ín second colunn.

SA=SurfaceArea

Egg
Conformation Porosity

(mg.cn-2.24h-r)

4.634

4.674 ßr)
4.434

4.454

0.30

I .334

1 .38b

1.39b

1. 334

0. 03

Shel1
Thickness

(w)

355

352

352

339

NS

Shell Weight
per S A Egg

(mg. crn-2 ¡

80.5

79.4

79.9

77 .0

+
ns

Shell
lüeight

(e)

5.73b

5. 60ab

5.73b

5. 3ga

0.25

LÍne No. of
Birds

30

32

'36

29

A I
A¡

A
4

c
4

LSD

lp=0.01)
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3. Analys is of Variance for Purebred Egg Shell Qualíty Datq

(a)

(Í)

Lines

Shell hleight

d
iü

i

She1l weíght was found to be significantly correlated with

average egg weight (13-66 and 22-42 weeks; r = 0.653*** 
"rrd

***r = 0.572""'- respectively). Line CO shell weíght was signíficanÈly

lower than that of line A, and AO but not of line A, (Table 29).

The average egg weight (22-42 weeks) would closel-y reflect the

weight of eggs during,measurement of shell weight. Line A, and CO

had similar average egg weight (22-42 weeks) during this períod.

Shell weight was found to show signifÍcant posítive

correlation with all productíon varíables (see Table 3a). Average

egg weight and shell weíght hacl the highest correlation coefficients

followed by feeil intake. Line A, had the highest feed intake and

hence calcium intake (Table 13) of all l-ines duríng 22-42 weeks, but

shell weight was similar to line AO. However, line AO produced

fewer eggs (numerically) which probably compensated for its lor¿er

calcir¡n intake.

( ii) Shell l,üeiehÈ p er Surface Area of Eee and She1l Thíckness

Shell weight per surface area of egg and she1l thickness l^Iere

found to be highly correlateil (r = 0.907***), and shell weight was

also correlateil with these 2 varíabl-es (see Table 5). These findings

confi':m the observations of many workers (l^lel-ls, 1968). There r¡Ias no

signíficant difference between l-ines in shell weíght per surface area

of egg and shell thickness. Líne CO, however, is nr:merically lower for

these 2 vaxiables compa..à ao other lines, this being reflected in

the productl-on of eggs of lower shell weight. There were small

but signíficanÈ positive correlatíons of average egg weighË and

feed intake with shel1 thickness. Also shell thickness

I

I

r
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kras positívely correlated with body weight over 22-42 weeks

¿&¿
(r = 0.439^^^). Thls opposes the fíndíngs of Foster and Neil

(Lg72) who found that variati-on in body weíght and egg weíght had

lÍttle consístent effect upon shell- thíckness. Cipera and Grunder

(1976) showed that bircls which produced thicker shells had lower

body weight, the opposite to the correlatíon found in this study.

( iií) Egg Conformation

Two l-Ínes of bírds (4, and AO) had a signíficantly higher egg

conformaÈíon than línes A, and CO. Interestíngly egg shape or

conformatÍon had a small but positive correl-atíon wíth TSR

*(r = 0.176^), but shape hras not correlated wíth any other variable-

No explanatíon can be gíven for thís unusual relationship. The

studíes of Carter (1963, L970) indicaÈe a possible relationship

between egg shape and shel1 strength; but the present study found

no sígnificänt correlation.

(iv) Porosity

Although porosity was sígnifÍcant in analysís of variance for

lines (p<0.05) no difference could be found between lines using

LSD (p<0.01). Interestingly, porosity was posiÈivel-y correlated

with all production variables except average egg weÍght (22-42

weeks). Porosity was negaÈívely correlated with TBtrnl as a "/" of

body weight of birds (r = -0.231** í.e. egg porosíty increased as

carcass fat levels of birds íncreased) and posiÈível-y correlateil with

body weight 42 weeks and 66 weeks, (r = 0.364*** and r = 0.326***

respectively). Bírds with high Ievels of carcass fat may be deposÍting

more l-ipÍds in the egg yo1-k. The supposeil extra lipid could dísplace

some \¡rater to the egg white. This may lead to higher r¡rater content of

egg white and result ín greater losses of water from the egg.

.I
{t
i\Ë

tl

t
I
I

ir

!
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Table 30. The Mean of Ees Shell Qualitv Variables of Purebrecl Birils over 4 Generatíons

"b" M""rr" in the same co¡:mn differently superscripted are sígnificantly different (p<0.01).

*rr" = not significanË in analysis of variance (Table 28). Number ín brackets is different

bird nr:rnber from Ëhat gíven in second colrmm.

SA=SurfaceArea

PorosíËy

(mg.cm.-2 .24h-I)

4.3

4.s (40)

4.5

4.6

+
NS

Egg
Conformation

L.42
b

L.344

1.374

1.364

0 .03

Shel1
Thickness

(un)

3054

360c

339
b

370c

I 3

Shell !üeíght
per S A Egg

(mg. crn-2 )

69.oa

79 . gb"

b78.6

g2. oc

2.6

Shel1
!üeight

(e)

5.064

5.glc

5.ßb

5.74c

o.25

No. of
Birds

4

4L

61

2l

GeneraËion

1

2

3

4

LSD
(p=0.01)

---
Ì
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(b) Generatíon

(i) Shel1 \^leight

She1l weight was observed to be posítively correl-ated with

FCE (18-66 weeks and, 22-42 weeks, see Table.3). This correlatíon

can be seen when observing generatíon 2, 3 and 4 (Table 30) but

generaËíon I bírcls negate this trend.

The 4 bÍrds of generation 1 produced a large number of eggs'

despiÈe the reduced level of feed fntake. Their rate of egg

production \4las such ÈhaË tíme for shell formation in the bírd may

have been reduced and this conÈributed to their Poorer egg shell

quality.

( i1) Shell l,leisht oer Surface Area of Ess and Shell Thickness

GeneraËion I birds had markedly lower level-s of shell

thickness and shell weÍght per surface area than all oËher

generations. Generation 3 birils produced eggs which r,rere

significantly lower in she11 thickness than generatio¡ 2 and 4 '

Prevíous discussion referrecl to the high TSR and metabolic rate

of generatíon 3 birds. The stimulus which may have caused high

TSR in these bírds may have also changed parathyroíd hormone and

calcitonin balance and hence calcíum balance ín birds. ThÍs may

have caused poorer shell qualiÈY.

(ií_í) Egg Conformation

Generation I birds had sígnificantly higher egg conformatÍon

than 3 other generations. It is difficult to suggest why

generation I bírds would produce longer but thinner eggs than

other bírds, except ÈhaÈ this shape of egg may facilitate more

effieient movement of eggs through the vagína.
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(iv) Poro sity

There was no significant differences between generations in

egg shell porosity.

(c) Feed Level

Table 31. Effect of tr'eed Level on Eqq Shell Qualitv Variables for
Purebred Bírds

ab Means in same row differently superseripted are significantly

dífferent (p<0.05).

*r" =,not significant in analysís of variance (Table 28).

(i) Shell w hr Shell !t hr er Surface Area of and Shell

Thíckness

ARC (1975) estinated that calcium requirement for maximun egg

output ís 3.O g.24h-r. Birds restricted ín feed in this present

study consumed an average'of 3 g of calcÍum per day (rable 31).

However, shell weight of restrj-cted fed birds was signíficantly

lower than ad Libitun fed birds. Kari, et aL. (1977) observed no

5B69No. of Birds

4.53.0G.24h-r)Calcium Intake
(22-42 weeks)

0.164.73b4.324(mg.cm-2.24h:L)Porosity

ns1.36I .36Egg ConformaÈion

ns357344(un)Shell Thíckness

+
ns79.978.7(mg . crr-2 )

Shell Weight per
Surface Area Egg

0. 135. 70b5.474( g)Shell I,treight

LSD
(p=0.05)

Ad LibitunRestrictedUnitsVariable
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signíficant changes in shell weight of eggs wlt}:, L2% feed

restriction but in this study f eed restrictlon l¡tas aPproximatel-y

33%. It could be suggested that calcium intake of birds ín this

present work vras not adequate to meet the requirements for

satisfactory shell formation. However, there lüas no sígnificant

dÍfference in the other shel-l qualíty variables, shell weíght

per surface area of egg or shel1 thickness between the 2 f.eed

l-evels. Al-Khazraji, et aL. (1972) and Gerry and Muír (L976) ¿lid

not observe any signíficant decline in shel1 qualíty wíth 15% feed

resÈriction.

( ii) Egg Conformation

There was no difference in shape of eggs between the 2

feed 1evels.

(iif¡ Porosity

Birds on restricÈed feeding had a significantly lower

porosity tlnan ad Libítun fed birds. The resÈricted fed birds had

a signíficant lower calcass fat l-evel arid (for reasons speculated

earlier) this may have contributed towards the reduced rate of

rùater loss from Ëhe egg.
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Table 32. Analvsis of Variance for Purebred Bodv tr{eieht Data

Body
I^Ieight

( 66 r¿eeks)

(e)

F value
¿¡&

6.77
***

20.20
***

110.11

1.6gns

0 Igns

0. 44ns

45895.13

106

Body
I^Ieight

(42 weeks)

(e)

F value
?t?k *

8.39
***

23.38

***
11r.65

*
2.42

0 .46ns

o,Ogns

30929.35

106

Body
lfeight

(18 weeks)

(e)

F value
:k¡t

824

2.65ns

1.44ns
&

2 2 1

2 . 13ns

o. g2ns

LL439.64

106

df

3

3

I

8

3

2

Body
I,leight

(6 weeks)

(e)

F value
¿ù

5.57

I .Ogns
tt

8.84
¿*)t

5 33

1 .3Bns

2.7gns

2483.06

106

Bocly
ltreíght
(Hatch)

1 .02ns

*ts*
39.39

o.55ns
&

2 64

o.3gns

6.80

tI.26

106

df

3

2

1

6

2

Source

Line

Generation

Feed Level

Line by Gen.

Líne by Feed Level

Gen. by Feed Level

Error Mean Square

Error df

* p<0.05

** p<0.01

p<0.001

not signÍficant

***

ns
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Table 33. The Mean of Bodv I,Ieieht Data of Purebred Lines

"b" M""rr" in the same co¡¡un dífferently superscripted are significantly different (p<0.01).

+ns not significant in analysis of varíance (Table 32).

Numbers Ín brackets are different bírd nr¡mbers than those gíven in second col¡:mn.

Body Lleight
(66 weeks)

(e)

2100b (30)

20L3bc (32)

19014 (36)

18634 (30)

r43

Body !üeight
(18 weeks)

Body Ìteight
(42 weeks)

(e)

2052b (30)

Lg4oab (32)

18974 (36)

18534 (30)

LL7

(e)

1s95b(30)

I 56sab ( 32)

I 52oa ( 36)

1 sl 1a (30)

7L

Body l,{eight
(6 weeks)

(e)

41;gb

b
452

4r4a

4054

33

Body ltreÍghÈ
(Hatch)

(e)

43.L

41 .8

43.1

42.6

+
ns

No. of
Birds

29

31

35

29

LSD I

p=0.01)
I

(

Line

ot

A
3

A+

c
4
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4 Analvsis of Variance for Purebred Bodv Lrleight Data

(a) Línes

(i) Hatching Body l^Ieíght

There \,üas no significant dífference between lines ín

hatching body weight but there l^ras a significant interactíon

between líne and generation.

Table 34 Purebred Line bv Generation fo r Hatchine Bodv l,üeíght

Líne

"b M."o" ín the same ro\¡r dífferently superscripted are signíficantly

different (p<0.01).

Bírd numbers are indicated ín brackets.

There r¡ras no significant difference between lines in generation

2 and 4 hatching weight, but line CO was signifícantly different

from 2 other lines except line A, in generation 3 (Table 34). Thís

difference can largely be attríbuted to lower egg weight of thej-r

mothers in generatíon 2 (Table 16). Hatching weight was positively

correl-ated with egg weight (22-42 weeks), r = 0.314***.

(ií) Bo trIe 6 weeks

Lines A, and A, had signifícanËly higher body weíghts than

lines AO and CO at 6 weeks of age (Table 34). This difference is

defined further in Table 35 whích illustrates the sÍgnificant

5.640. s (4)a42.2 ( 6) 
a3s.2 (s)"42.2 (6)a4

3.238.0 (r3)a4L .7 ( 1B)
b40.0 (16) ab42.2(r5)b

3

3.948.3 (r2)a46.r (11)a46.0 (10)a45.4 (8)"2

(e)(e)( g )(e)

1

LSD
(p = 0.01)

c
4

A
4

AgAtGeneration
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inÈeractíon beÈween line and generaÈion. Line A, and A, generallY

had hlgher 6-week body weights than líne AO and C* for each

generatíon.

Table 35. Purebred Líne by Generation for Bodv [,Ie iøht ( 6 rreeks )

Líne

tb M""rr" in the same ro!ü differently superscripted are signíficantly

clif f erent (p<0 . 01) .

Bird numbers are indicated ín brackets.

(íií) Body i^Ieisht (18 weeks Table 36)

The difference seen between lines in body weight at 6 weeks

is reflected in the 1B-week body weight, although line A, weight

is not signÍfieantly differenÈ from llnes AO and CO. Deaton,

et aL. (1978) found that if Ínítial chícken weíght was low, then

average body weight of Ëhe egg-type pullets at 12 and 18 weeks of

age hras also low. These fíndings are símilar to those in this

study where a sígníficant positive correlation was found between

hatchíng body weight and l8-r,reek body weight (r = 0.209*). The

correlatíon coeffícient improved to r = 0.505*** for the

relationshíp between 6-week and IB-week body weight. There ú/as a

signíficant l-ine by generation interaction for 18-r¿eek body weíght

(ra¡te 36).

ab473 (6)4 481 (5) b 393 (6)a 83432 (4) ab

3 483(16) b
461(1s) b

397 ( r8) a 381 (r2)a 4B

40e (B) ab
2 389 (10)a 4s1(11)

b
59423(r2)ab

1

g )( g)( c )(g )(

Generatíon
At I tro

(p = o.o1)3 4 4AA c
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Table 36. Purebred Líne by Generation for Body ltreíglrt (--B-ofgeþ)

Líne

tb M.rrr" ín the same rorÂr differently superscripted are signÍficantly

different (p<0.01).

Bird nr¡nbers are indicated in brackets.

It ís interesting to note that AO and CO are the only lines not

significantly dífferent for each generation.

(iv) Bo I,{ei t 42 weeks

The dífference observed between lines aÈ 18 r¿eeks are the same

differences occurring at 42 ¡nreeks. Thls is demonstrated also by

the signifícant positive correlation between l8-r¿eek and 42-week

***
body weight (r = 0.390 ). A significant interactíon hras found

between line and generation for 42-week body weight and this

lllustrates the trend seen in the inteiactíon for 1B-week body weight.

For thís reason a table of values is not presented.

(v) Body l^Ieisht (66 weeks)

Body weíght at 66 weeks of age was highly correlated with body

***
weight at 42 weeks of age (r = 0.914 ), resulting in the same

dífferences between lÍnes, as observed for 42-week body weíght.

1s9B (6) b
4 (6) "r4t5lsee (s) b 1781552 (4) ab

3 1s8s(16) b
1sB7(15) b t467 (rz)a1s04(18) ab 103

b1638 (8)2 1ss8(12) ab1606(1r) ab
1so6(10)a r26

I

(e)

r660 (1)a

(e)

1340 (1)a

(e)

1352 (1)a

(e)

1490 (1)a 397

A4c.n"t"ril At A¡ 4
c LSD

(p = o.ol)



130

Of interest are the significant correlations found between hatching

body weighÈ and subsequent body weíght at 18, 42 and 66 weeks of age

(Table 6). This result could enable groups of birds of high and

low haÈching weight to be segregated and different feedíng treatments

appl_Íed to reduce the rendency of higher body weíghÈ birds to

accumulate fat. This procedure could also be adopted during the

laying phase of birds.

(b) Generation

Table 37. The Mean Bodv l^Ieieht of Purebred Lines for Each Generation

LSD
(p = 0.01) 1.9 ns+

NS t4r116

4L.TA2T4 444 1 884
b

1537 1 886
b

623 43t40.64 r537 1848b1825b

2 46.6b
4L L5744t9 222Lc2154c

(e)

41

(e) (e)

r6274

)( c

L46T

(e)

r6264

No. of
Birds

Generation IIatch 6 weeks 42 weeks18 weeks 66 weeks

Body tr'Ieight

"b" M.rn" ín same column differenËly superscripted are signífícantly

different (p<0.01).

*r" = not sígnificant in analysis of variance (Table 32).

(í) Hatchíne Bodv Inleíght (Tab1e 37)

There are 2 factors whích may have contríbuÈed toward a

signifÍcantly hígher hatching weight of chickens ín generatíon 2.

Mothers of chickens \¡Iere 4 weeks older ín generaËion 1 than ín

generations 2 and 3, and may have been producing eggs of greater
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weight. Also, generation I eggs tended toward a nurnerically

lower egg shell porosity (Table 30) and this may have al-lowed

developing embryos to gro\Âr into a larger volume of egg materials.

Table 38. Purebred Generation by Feed Level for Hatchíng Body hleight

2.92.7LSD
(p = o.o5)

43.3
ab

1039.24l14

40. Ba2540.54373

45.2
b

2348.2b182

I

Hatch
Body Weíght (e)

No. of
Birds

Hatch
Body l,Ieight (g)

No. of
Bírds

Ad LibitunRestrictedGeneration

"b" M."o" ín sarne column dífferently superscripted are sígnificanËly

different (p<0.05).

(íí) Bo I^lei 6 and 18 weeks Table 37)

There !,tere no significant differences between generations for

6 and 1B-week body weight despite the hatching weight dífference.

This result is discussed later in relatíon to feed level.

(íiÍ) Body l^treíght (42 and 6j weeks,Table 37)

Generation 2 birds had the híghest body weight of all

generations, Previous discussíon had pointed out the correlations

between hatching weight and 42-week body weight and the data in

Table 37 íllustrate this clearly. The prediction equatíon for birds

on restrícted feed índicates the ímportance of body weight at 42
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weeks in relaÈion to FCE. As indicated previously groups of

chickens of low ancl hígh hatching weight could be segregated and

fed differenÈ diets when restrícted feeding is practised ín the laying

phase

Feed Level

Table 39. Effect of Feed Level on Bodv I.treísht of Purebred Birds

69 59No. of Birds

7522ßb173oa66 l{eeks (g)

622r55b1745442 l{eeks (g)

NSI 536I 55518 !üeeks (g)

184r4 (s8)4so (6s)6 l^Ieeks (g)

+
ns42.8 (s8)42.4 (6s)Hatch (g)

LSD
(p = 0.05)Ad LibitunRestríctedBody l,Ieíght

(Aee)

"b M""rr" ín same row differently superscripted are signíficantly

dÍfferent (p<0.05).

Number in brackets are different from those bird numbers given

ín last row.
*rr" = not sígnificanË Ín analysis of variance (Tab1e 32)
(i) Hatchin Bo dv WeishÈ (Table 39 )

There ï¡Ias no signíficant diff erence between hatching weíght

of chickens from mothers restrícted or fed ad Libitwn. However,

there \¡ras generation by feed 1eve1 interactíon discussed previously.

(ii) Bod l^l hr 6 weeks and 18 weeks Table 39)

A sígnificant difference was found between 6-week and 18-week

body weíght of birds, even though al-l chíckens were reared together

and were allowed to feed ad Libitwn (Table 39). By the Èíme birds
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reached 18 weeks o.f age thís difference was no longer signiflcant

although numericall-y ilffferent. The reason why chickens from dams

(restricted 1n the laying phase) have higher growth rate cannot be

explained. An invesÈigatíon of thís findlng.ín meat-tyPe birds

may be useful where high growth rates are required'

(i1i) Body !teisht (42 arrd 66 weeks . Table 39)

TheslgníficantlylowerbodyweÍghtobservedwithfeed

restriction at 42 to 66 weeks of age confirms the observations

of many restricted feeding experiments (Sykes, L972) '



L34

5. Summary of the Functional Differences Between Purebred Hens

(a) Sunrnary of the Functional Differences Between Purebred Hens

on Restricted and Ad Libitun Feedíne over the Production

Períod 18-66 Inleeks (Table 40 ï'i qr rres 1 and 2)

The tr'CE, egg production and average egg r^reight htere

signíficantly lower for restricted birds Èhan for birds feil

ad Libitum. Metabolic rate $/as also signifÍcantly lower for

the restrícted bírds, but their TSR was elevated. Body fat

content of the birds f.ed ad Libitun was higher despíte both

groups of birds turníng over \^7ater at the same rate. The

lower body fat content of the restricted birds was reflected

ín their lower body weight at 42 and 66 weeks of age.

the food restricËed bírds produced eggs of lower shell

weight, buÈ there I¡Ias no difference beÈween the 2 groups of

hens in the other measures of shel1 strength. However, rate

of water loss from eggs (porosity) of birds fed ad Libitun

was higher.

(b) Summary of the Functional Differences Between Purebred Lines

over the Productíon Period 22-42 weeks an ot Ad L7.þL

and Restricted Fed Birds (Table 41, Figures 3 and 4)

Only small dífferences ürere noted between línes when Èhey

nere assessed over the period 22-42 weeks. Line A, hail superior

FCE, but its egg weight was low compared to the other lines.

The high body fat content of the most efficíent line is unusual

although its body weight was highet at 42 and 66 weeks of age.

It is considered thís 1ínes function is an example of the

polyfunctionalism that is knor¿n to exist in other breeds of
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anímals. Line A, produced eggs with similar shell- weight and

shell strengÈh comparecl to other línes, but bírds of lÍne A,

produced eggs which had higher porosity.

(c) Summary of the Func tional Differen ces Between GeneraËions of

the Purebred Birds over the Production Period 22-42 weeks

luean of Ad Líbitun an.d Restricted Fed Birds - TabLe 42,

Figures 5 and 6).

From generation I to 4 there \,üas a general decline in

FCE and egg production rate as Ínbreeding progressed. Egg

weight increased ín the second generatíon buË then èclÍned

ln generation 3 and 4 to a level simílar to generation 1. Hens

of generation 3 were interest.ing. They were the least efficient

hens and exhibited Èhe híghest TSR and metabolíc rate of all

generations. Their body fat level was also elevated. From

generatíon 1 to generatíon 4, plasma thyroxine levels increased

as inbreeding proceeded.

Shell weÍght and shell strength were significantly loqrer

fn generatíon I than in any other generatíon. This is an

example of the decline in egg she11 qual-íty seen with

improvement ín egg production raËe and FCE of hens. Body

weÍght of generation 1 birds at 42 and 66 weeks of age was

much lower than all other generations also being reflected ín

their lower body fat content.



Summary of the FuncËional Differences Between Purebred Hens on Restricted and Ad Líbitwn

Feedins over the ProducÈion Period 18-66 weeks

Table 40.
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0.1
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r.2

11
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1.1

ns

LSD
( p=0 .05)

2.8

1.9

t2

o.632

o.97 3

5.70

79.9

357

1 .36

4.73

1 536

2L55

18 9

57 .6

362

125

56.0

Ad Libitun

r20.5

27 .r

344

1.36

4.32

I 555

t7 45

L24

60.7

0.672

r.373

5.47

-18.7

80.0

rB .4

92

55.6

330

RestricÈed

oÞ

-tmg. cm -

w

mg. cm-2 .24h- L

oð

o6

KJ I^I 
o'75.24h-'

ml.kg- t .24h-r

o/

uBT,+ . 100g- t .24h- r

ug T4 dl-r

s.24h-)
c/

8

Units

Shell weight

Shell weight per S A egg

Shell thickness

Egg conformation

Porosity

Body weight (18 weeks)

Body weight (42 weeks)

Metabolic rate

tr^Jater turnover

TBII% body weight

Thyroxine secretion rate

Plasma thyroxine

FCE

Egg nr:mber

Average egg weíght

Variable

Feed intake

752243\ . 1730ioBodv weieht (66 weeks)



Table 41. Sr:mma of the Functionalr\t Differences Betr.reen Purebred Lines over the Production Period 22-42 weeks

l\
CA
F{

LSD
(p = 0.01)

4.5

4.L

NS

2.L

ns

ns

2.r

NS

ns

o.25

NS

NS

0.03

0 .30

7l

LL7

r43

51 .3

355

r27.8

s9.8

o.628

1.173

5.39

77 .0

339

4
c

99.3

23.3

65.2

1.33

4.4s

151 I
1853

1863

tzl.9

60.2

0.720

r.290

5.73

79.9

352

r .39

4.43

L4

97.2

22.5

60. 0

53.7

343

r520

r897

I 901

52.7

34r

r24.4

57.r

0. 603

1.133

5.60

79.4

3s2

1 .38

4.67

I 565

I 940

2013

Ag

r00.2

27 .7

74.8

IA

105.4

24.6

77 .7

54.9

34L

r24.3

56.9

0.653

r.229

5.73

80.5

35s

1 .33

4.63

i 595

2052

2100

oÞ

KJ.I^r-o'75.24t-'

ml . kg- r .24h- t

o/

UB T +.100g-t.24h-r

UB T+ dl- I

q
6

-2mg.cm

w

mg. cr-2 .z4h-t

g

g

ûõ

Units

-tg. ¿4

o/

ldater turnover

TBII% body weight

Thyroxine secretion rate

Plasma thyroxine

She11 weight

Shell weight per S A egg

Shell thickness

Egg conformation

Porosi-ty

Body weight (18 weeks)

Body weight (42 weeks)

Body weight (66 weeks)

Feed intake (22-42 weeks)

FCE (22-42 weeks)

Egg nnmber (22-42 weeks)

Average egg weight (22-42 weeks)

Metabolic rate

Variable

Bird Nr¡mber 30 32 36 30
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TabLe 42. Qrrmarrr of the Functíonal- Differenc

Period 22-42 r^reeks

es Betr4reen Generations of the Purebred BÍrds over Productíon

Generation

0.t74

0.25

2.6

3I

0.03

fts

ns

116

141

2t

15.2

2.r

0. r14

ns

4.L

01t

2.r

LSD
(p = o.ol)

r886

0.512

I.262

5.74

82.0

370

1 .36

4.6

r537

1884

52.3

326

134.0

6t.9

4

100.2

22.4

62.4

184I

57 .0

0.794

T.29I
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339
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4.5

t537
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6L.7
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s8. 3
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7 5.0
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2

r05.3
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336
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0.47 5
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5. 06

69 .0
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39.4
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Body weight (18 weeks)

Body weighr (42 weeks)

Body weight (66 weeks)
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Inlater Èurnover

TBI^I% body weight

Thyroxine secreËion rate

Plasma thyroxine

Shell weight

Shell weight per S A egg

Shell thickness

Variable

Feed intake (22-42 weeks)

FCE (22-42 weeks)

Egg nurnber (22-42 weeks)
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Figure l.

HisEogranis of the Production and Shel1 Qualíty
Differences betr"Jeen Purebred Hens on Restricted
and ld ¡il>ítwn Feeding over the Produccion
Period l8-66 Weeks
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Figure 2

Histograms of Èhe Physlological and Body
I^IeighE Differences bètween Purebred Hens on

Restricted and .4d tiLitwn Feeding over the
Productlon Period I8-66 I,Ieeks
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Hístograms of the Physiologlcal and Body Weight
Differences between Purebred Lines over Ehe ProducEion Period 22-42 \'leeks
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I'igure 6.

Histogram¡ of Èhe Physiological and Body Weight
Differences between Generations of the Purebred
Hens over che Productíon Period 22-42 \teeks
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6. Functional Differences Between Purebred Hens Classified According

to Feed Conversion Efficiency

(a) Aporoach to FCE Classíficatíon

Addítíonal to analyses of data by using multiple regression

techniques and analysis of varíance it was considered that

segregation of birds r,rrith very dífferent FCE may give further

useful information on the varying functíons of hens. Thus

the following section examines birds segregated accordíng to

their FCE. There hreïe some dífficulties in adopting a simílar

classíficat.ion for birds on restricted feeding as for those on

ad Libitun feeding due to the different FCE frequency

dístríbutions of birds for the 2 feed levels. Subsequently

birds r¿ere classified as efficient on restrícted feed 1evel

íf their FCE was greater than 30%. Birds \¡rere classified

ínefficient on the restricted feed 1evel if they functioned on

less than IO% TCE. For th.e ad Libitwn feed level, hens

classified as efficíent achieved a FCE greater than 35% and

those hens classified as inefficienË functioned at less than

20it FCE.

(b) Functional Differences Between Effícient and Inefficient Purebred

Hens Subiected to Restricted Feedíne (80e.24h-r) over the

Production Period 22-42 weeks (table 44, Fígures 7 and B)

From a population of 69 purebred laying hens subjected to

restricted feeding (80g.24h-r) over the production period 22-42

weeks a total of 11 bírds were classífied according to theír

FCE. Individual bírds that were classified ínto the 2

effíciency groups are ídentified as Gold 76; Blue 32, Blue 60,
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Gold 86, Pínk 5, Pink 6, Yel 1, Yel 2, Blue 5, Blue 33 and

Blue 28. These indlvídual birdd production, physiologícal,

egg she11 quality and boily weight data are lÍsted in Appendices

1, 2, 3 and 4 respectivelY.

The efficient restricted birds had a superior egg

production raÈe but their egg weighÈ was about 4 g less than

inefficient birds. Metabolíc rate, TSR and plasrna Ëhyroxíne

were lor¡er in the efficient hens but their !¡ater turnover '¡Ias

considerably higher than inefficient birds. Inefficient hens

had a greater level of body fat which is reflected in theír

higher body weight at 42 weeks of age (Table 44, Fígure 8).

The efficient birds rùere converting more feed to eggs and

deposíting less fat than ínefficient birds. The lower egg

weight of efficient hcns was paralleled by their lower shell

weight. Thís appeared to effect Èhe other she1l strengthValues

as shell thickness and shell weight per surface area of egg were

also redueed compared to inefficient hens. The metabolíc cost

to hens of producíng egg shell is hígh. Effícient bírds nay

have directed some of their functíonal priorities frour shell

qualíty to FCE. It is considered that Èhe small percentage of the

population of hens whích are highly efficíent have genetic

potential.

(c) Funct íonal Differences BetlÀIeen Efficient and Inefficient Purebred

Hens Allowed Ad LLbítum Feedine over the Production Period 22-42

weeks (Table 43, Figures 9 and 10)

From a population of 59 purebred laying hens allowed ad

Libitwn feeding over the producÈion period 22-42 weeks a total
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of 11 birds were classifíed according to their FCE. Indivídual

birds that were classified ínto the 2 ef.flcl-ency grouPs are

identifíed as Gren72, Blue BB, S 638, Pink 1, Gterl 2L, Gren 14,

Green58, Gold 9, Gold 14, S 640, and S 669. These individual-

birds'producÈion, physiologícal, egg shel1 quality and body

weight data are listed Ín Appendices 1, 2, 3 and 4 respectively.

From Table 43 and Fígure 9 it is seen that tlne ad Libitwn feed

intake of efficíent and ínefficienË birds are similar, but egg

production rate and egg weighÈ \¡lere superior in the ef ficient

hens. In the efficient restricted hens, egg weight was lower

than ínefficíent birds, opposÍ-te to the ad Libitwn birds. This

may indicate a reversal in metabolíc priorities for efficienÈ

birds on ad Libitwn feed levet", "lthough 
efficient birds of

both feed levels had hígher water turnover than inefficient

blrds. She1l weight of inefficienË ad Libitun fed hens was

lor.ver than efficient bírds but there was fio difference between

Èwo efficiency groups in other shell strength characters. Egg

shel1 porosity, however, was elevated in the efficient type hens.

The level of body fat ín Èhe efficienÈ and ineffícíent hens fed

ad Libitun were similar, indicatíng perhaps' that wíth unlírníted

food supply, the influence of fat deposition on FCE is not as

lmportant in birds fed ad Libitun relative to those restricted.
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Table 43. Sr¡nmarv of the Functional Dif ferences Between Efficient and Inefficient Purebred Bírds Allowed

Ad Lib¿twn Feeding over the Production Period 22-42 weeks

FCE Classificatíon

Number in brackets are different from those bird numbers gíven in last row. One bírd rúas a non layer during
period shell quality measurement ü/ere maile. t standard error mean are indicaÈed.

Inefficient (<20.0)

t22.r t I0.4
r2.9 ! 4 .6

42.5 ! L5.l

54.7 ! 0.96

389.0 ! 23 .0

110.8 ! 2I.9

56.0 t 2.9

0.670 t 0.080

1.340 t 0.196

s.B4 ! A.24 (3)

B0.B r 1.8 (3)

36s.0 r 11.0 (3)

1.37 r 0.0s (3)

4.33 ! 0.23 (3)

1613 ! 63

2230 ! r9r
2389 ! 248

4

Efficient (>35.0)

119.9 r 4.8

36 .8 r 0.6

109.6 ! 4.9

56.6 ! I .5

395.0 r 15.0

t2L .6 t 8.4

55.1 t 1.8

0.639 r 0.050

1.190 ! 0.098

6 .06 r 0.08

80.7 t L .2

361.0 r 5.0

1 .34 r 0.02

4.93 ! 0.rt
1511 r 43

2t9r ! 151

2351 ! 180

7

Units

g.24h- L

z

oõ

KJ I,Í- u '/ 5 .24Tt'
rr1.kg-l .24h-r

þg T4. 1009-'r .24h- r

UB T,+ dl- I

oÞ

-tmg.cm -

vm

mg. cm-2 .z4h- t

oõ

oÒ

oÞ

Variable

Feed intake (22-42 weeks)

FCE (22-42 weeks)

Egg number (22-42 weeks)

Average egg weight (22-42 weeks)

Metabolic rate

I,{ater turnover

TBi^I% body weight

Thyroxine secreËion rate

Plasma Èhyroxíne

Shell weight

Shell weight per S A egg

Shell thickness

Egg conformation

PorosiÈy

Body weight ( 18 weeks)

Body weight (42 weeks)

Body weight (66 weeks)

Bird number



Table 44. Srrmm.ârv

Sub 1

of the Funct

ected Èo Restricted Fe

ional Differences Between Ef

(B 0s .24h-]) over the Production Perl-od 22-42 weeks

FCE Classification

ficient and Inefficient Purebred Birds

t487 ! 79

1833 ! L23

L7r2 t 118

edi nø
(f)

.i.

5

0.849 t 0.097

1.535 t 0.186

5.60 t 0.05

79.5 t 1.1

344!4

1.39 r 0.03

4.5 t 0.2

55.5 t I .3

329 .0 r 8.0

100.7 ! 8.7

61.1 t 1.6

IneffÍcient (<10.0)

80.0

6.7 ! 0.7

13.5 t 1.4

4.4 r 0.1

1618 r 81

1692 ! 96

L768 t 109

5.33 t O.22

73.9 ! 3.0

328 ! 15

I .37 ! 0.03

139.3 ! 7.4

66.0 t 2.4

0.454 t 0.055

0.872 t 0.158

37 .2 ! 3.4

8r.o ! 2.4

5I.3 ! 1.2

319.0 t 14.0

EfficÍent (>30.0)

80.0

ùõ

-,mg. cm -

vm

rg. "*{ .24h-r

o6

oò

d/

ug T4.1009-t .241h'r

pg T u d1-1

o6

oö

KJ I^t-O'75 .z+f ,

ml.kg- | .24h-r

Units

g.24h-t

i¿

Shell thickness

Egg conformation

Porosity

Body weight (18 weeks)

Body weight (42 weeks)

Body weight (66 weeks)

Plasma thyroxine

Shell weight

Shell weíght per S A egg

Metabolic rate

I^Iater turnover

TBI^I% body weight

Thyroxíne secreÈion raÈe

Feed intake (22-42 weeks)

FCE (22-42 weeks)

Egg number (22-42 weeks)

Average egg weíght (22-42 weeks)

Varíable

Bird nr:rnber 6



Figure 7 '

Histogrants of the Production and Shell Qualíty
Dlffeiences beÈween Ef Ficient and Inef ficient
Purebred Hens on n""ttitcta Feeding (80g'24h-l
over tlìe Production Period 22-42 lleeks
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Þ'igure 8.

Histograms of rhe Physíotogical and Body \'leight Differences
becween Efficient and InefficienE Hens on Restricced Feedíng

iãòä.i¿tttt) over the Production Period 22-42 \teeks
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l'igure 9 '

Histograms of the Production and Shell Quality Differ,ences
betr,reen Efficient and Inefficíent Purebred Hens on ld f'íbítwn
Feeding over Èhe Production Períod 22-42 14eeks
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Figure 10.

Hístograms of rhe Physiological and Body I'leight
Diffeiences beEween Efficient and Inefficient
Purebred Hens on Ad LLbitwn Feedir.rg over the
Production Períod 22-42 I eeks
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c AIAIYSIS OF VARIANCE FOR BREEDS

I Introduction

In the prevÍous secti.on, interest was centred on observing the

production, as well as the physiological, body weight and egg she1l

quallty performance of lines of a lfhite Leghorn breed of hens in relatíon

to 2 dTff.erent leve1s of feed íntake. This section concerns the

performance of dífferent breeds of hen in relation to 4 feed íntake

levels (80 g.24]h-r, 90 g.24h-r, loo g.24rfl and ad Libitwn) ro see

whether the trends noted for the purebred lines could be detected

between breeds. The breeds consisted of the following:-

a) Purebred lines referred to in the previous section,

b) Line-crosses obËained frour (a),

c) Out-cross birds consisting of crosses between an introduced
sire with hens from purebred lines (a).

rn thls work the word breeds refers to the breed línes

developed by crossing between the purebred 1Ínes and outcrossing with an

fntroduced sire.

2. Analysis of Variance for Breeds Production Performance (Table 45)

(a) Breed (Tab1e 46)

(f) Production Performance (rable 46)

There sÍgnificant difference between breeds in FCE

between 18 and 66 weeks. The FCE of purebred hens was

the poorest. The dífferent breeding technique used

probably resulted in heterotic vígour for the line-cross

andout-crossbreeds. The introductÍon of a new gene type

resulted in a breed (out-cross) which had the highest FCE.

However, the differences between the breeds lras not as

obvious for FCE at 22-42 weeks as it was for trCE at f8-66

weeks. The out-cross breed produced signÍficanEly hígher
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Table 45.

egg numbers but egg weight remained largely similar to oËher breeds. There TiTere some

interesting breed by feed level interactions for both feed intake and egg number.

These inËeract,ions are discussed later.

Analvsis of Variance for Production Performance of Birds

Source

p<0. 05

P<0.01

* *** p<0.001

ns noË significant

Average
Egg I^It.
(22-42
weeks)

F value

5.34

2 . 1lns

o. g3ns

92

7 .964

Average Egg
I{eight

(18-66 weeks)

F value
*

3.28

2.65ns

o.77ns

92

9.916

Egg Nurnber
(18-66 weeks)

Egg Number
(22-42 weeks)

F value
***

28.79
J&J

6L.27

*
2 3 7

92

244.96L

F value
& J.L

L7 .36
&ú¿

77 .25

&J
3.05

92

97s.840

Feed Intake
(22-42 weeks)

F value

2.55ns
+^L ¿

429.78

*
2.72

92

26.520

Feed Intake
(18-66 weeks)

F value

2.45ns
&¿J-

504.06

ú¿
3.05

92

20.896

FCE
(22-42
weeks)

F value

23.05

***
12.24

I .7Bns

92

39. s31

FCE
( 18-66
weeks )

F value

L5.42
¿¿¿

20.BL

2.r7l]s

92

29.389

df

2

3

6

Breed

Feed Level

Breed by
Feed Level

Error df

Error Mean
Square

¿&
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Table 46. The Mean Production Performance of Breeds

Average
Egg ült.
(22-42
weeks)

(e)

52.44

54.3b

53.Oab

1.6

Average
Egg I^It.
( 1B-66
weeks)

(e)

55.74

57 .34

56. Oa

1.8

Egg Nunber
(22-42 weeks)

57 .La

72.8b

g2.gc

8.9

Egg Nr:mber
( 18-66 rpeeks)

130. ga

145. Ba

I 6s. 9b

L7 .7

Feed InÈake
(22-42
weeks)

G.Z+¡-r)
97 .5

99.2

98.7

ns

Feed Intake
( 1B-66
weeks)

(g.24h- 1)

97 .5

97 .9

97 .9

+
NS

FCE
(22-42
weeks)

(s.24h- L¡

2r.34

28. 1
b

30. 6b

3.6

Bird
Number

FCE
( 18- 66
weeks)

(7")

2t.ga

25.Lb

28.4c

3 I

42

39

23

Breed

Purebred

Line-cro ss

OuË-cross

LSD
(p = 0.02)

abc Means that are differently superscrípted in each column are sígnifícantly different (p<0.02).

tns Not significant ín analysis of variance (Table 45).
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Table 47. The Mean Productíon Performance of Breeds for each Feed Level

tb"d M."rrs that are differently superscrípted J-n coh:mns are signíficantly different (p<0.01).

+ns Not signifÍcant in analysis of variance (Table 45).

Average
Egg I^lt.
(22-42
weeks)

52.6

52.5

53 .8

54.2

ns

Average
Egg l,trt.
( 1B-66
weeks)

55.6

5s. 6

s7 .0

57 .6

+
ns

Egg Number
(22-42 weeks)

46.44

59.7b

75.2c

99.4
d

1 I 4

Egg Number
(18-66 weeks)

93. Ba

T2T.I b

167.8c

d209.O

22.8

Feed Intake
(22-42
weeks)

BO. OA

90 oþ

100.0c

dL28.2

3.8

Feed Intake
( 18-66
weeks)

80.04

9O.Ob

100.0c

d126.2

3.3

FCE
(22-42
weeks)

2r.64

14 .5ac

28.8bc

30. lb

4.6

FCE
( r 8-66
weeks)

tg.2a

4b23

28.3c

28.6c

4.0

Bird
Nr¡mber

-' I

80 g.24h ' 
I

30

90 g.24h-L 27

100 g .24h-tr 22

ad Libtltwn 25

Feed
Level-

LSD
(o = 0.01)
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(b) Teed Level (Table 47)

(1) Production Performance (Table 47)

Inlhen consideríng the cornbined performance of breeds, t'here

üras no signíficant dífference in FCE (18-66 weeks)

wherher birds were allocated 100 g.24h-ror ad Libitwn.

However, feed levels of 90 g.24h-r and 80 g.24h'r resulted

in a sígnlficant decline in FCE. The feed level of 100 g.

Zh¡-L represents an average ME intake of 1105KJ.24h-1 and

an average proteín íntake of 16.2 g.z4lh-r. Supramaniam

(1970) as reporteil by Sykes (L972) showed that the

normal rate ôf egg production could be maíntained wíth a

ME intake of 1129KJ .24h-r. However, from Table 47 it ca¡

be seen that egg productíon is signífícantly l-o¡^rer for

birds consuming 100 e.24h-l .o*p"t"d to ad Líbitun'

subsequently ín this present study the proteín intake of

16.2 g.24h-l rntas not sufficienÈ to support maxímum egg

production. The work of Adams, et aL. (1970) índícated

that birds required a proËeín íntake of 17 g.24h-t ' To

achíeve thÍs daily protein íntake r¿ould have required

only a further 5 g.24h-r of feed. It seems líkely then

that the optímum feed íntake of the combined breeds

required to support maximum FCE and egg production is

105 g.24h-1 which represents a proteín intake of

L7 e.24h-r and MB intake of 1160KJ.24h-r Although there

ís a trend towards higher egg weight with increasing feed

íntake, the numerical differences are noË significant.

il
ri5

I

ù
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There were significant interactions (Table 45) for breed

by feed 1evel (Table 48) for feed íntake (22-42 weeks and

18-66 weeks) and egg number (22-42 weeks and 18-66 weeks).

For the interaction of breed by feed level- for feed intake

there v7ere no dífferences in feed intake between breeds

for the feed levels of 80 g.24ltr, 90 g '24h- 
r and

100 g .Z4h- 1, and hence in Table 48 only ad Libittm feed

level is examined.

Table 48. Breed bv Feed Level for Ad Lnbítum Eeed Intake (22-42 weeks

and 18-66 weeks )

.,'r

ru

I

LSD
(p = 0.02)

tb M."rr" thaÈ are differently superscripted in each ro$I are

significantly different (p<0.02) .

Nurnber of birds are indícated in brackets

A represents ad Libitwn

From Table 48 ít is seen thaË out-cross breed maintained

signifÍcantly higher intake of food for boËh períods,

compared to the purebred. The line-cross ú7as intermedíaÈe

in its response to ad Libitun feedíng conditions'

I

I

!

5.4134.0(6)ar25.3o)ar22.4( 10) 
a

A(18-66 weeks)

6.1

(e)

133.7 (6) b
('s)

131.0(e) b
(e)

r22.5( 10) 
a

^(22-42 
weeks)

Out-crossLíne-crossPurebredFeed Level
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Table 49. Breed by Feed Level for Egg Number (18-66 weelq)

aã. Libítun 191 .7 (9) args .7 ( 1o) a 257 .0(6) b
37 .t

100 g .24h- t 148 .8 ( 10) 
a 171.4(10)a 39.6244.5(2) b

90 g.24h- l 13s.3 (9) b97.0(1r)a r40.6(7) b 34.9

80 g.24h- |
(Egg No. )

89.4(11)a

(Egg No. )

93.6(11)a

(Ess No. )
1Oo.O(S)a 33.2

Feed Level Purebred Line-cross Out-cross LSD
(p=0.02 )

[l
riü

Means thaÈ are differently superscrípted ín each rol¡7 are signíficantly

different (p<0.02).

Nr¡nber of birds are indícated in brackets

Table 50. Breed by Feed Level for Egg Number (22-42 weeks)

Means that are differently superscripted in each rorr are significantly

different (p<0.02).

Nr¡nber of bírds are índicated in brackets.

The egg production performance (18-66 weeks ar.d 22-42 weeks)

of the breeds (see Table 49) was símilar with BO g.24h-r

inÈake but for the other 3 feetl levels, dífferences

between breeds emerged. The out-cross breed maintaíned

ab

I

I

!

18.6r22.2(6) b98.o(9)a87.1 (10)aaÅ. Libítwn

L9.9l 13.0 (2) b79.z(ro)a63.7 ( 1o) 
a100 g.24h-r

17 .573.7 (7) b7L.e(e) b40.8(11)a90 g.24h-r

t6.6

(Eee No.)

s3.9(8)a

(Ege No.)

47.3(11)a

(Ege No.)

4o.o(11)a80 g.24h-t

LSD
(p=0.02)Out-crossLine-crossPurebredFeed Level
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superior egg productlon for each of the 3 hígher feed

levels compared to the 2 oËher breeds excePt for those

eating 90 g.24h-r. For this feed Level the line-cross

ha<l similar egg productíon to the outcross, but wÍth

more food (100 g.Z4lfr and ad Libitutn) llne-cross birds

dfd not lmprove 1n egg productíon at Ëhe same rate as

the out-cross birds. Auckl-and and lüílson (1975a) also

found that there \Àlere strain differences in abilíty to

cope with restricted feedíng. These results suggest

that arbltrary statements on levels of feed restriction

probably cannot be gíven before energy and protein

response curves for egg producÈion are establlshed for

each of the tlifferent breeds or strains of hen. Ilence

a previous comnent that the optimum feed intake to

support maxímr:m egg production for the combined breeds

should be 105 g.Z+h-r, 1s open to questíon in vfew of

the observed interactions.
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Table 52. AnalysÍs of Variance for Physlological Data of Breeds

p<0. 05

p<0.0I TBtrl = Total body water

p<0.001

not significant

Note: Analysis of variance for metabolic rate rüas calculated usJ-ng fcal.t¡-0'75.2+n-'
ConversÍon to appropriate KJ units occurs in LSD calculatÍons.

¡¿

¿t¿

ns

Plasma
Thyroxine

F value
***

8.76

***
19.62

1. 17ns

92

0 .045

Thyroxine
Secret.ion Rate

F value
&&¿

8.51

o. ggns

2 .03ns

92

0. 017

TBtrI as %

Body l^Ieight

F value
L

4.42
¿¿

6.00

L.271Ls

92

L3.328

üIater
Turnover

F value
¿¿

5. B0

ù
2.89

T¿

3.33

92

723.L82

Metabolic
Rate

F value
&¿¿

11 .98

I . 2Ins

1 .05ns

92

28. 11 5

df

2

3

6

Breed

Breed

Feed Level

Breed by Feed Level

Error df

Error Mean Square



c1
tn

Table 52. The Mean Physiological Performance of Breeds

ab Means that are differently superscripted in each column

are significantly different (p<0.02).

Plasma
Thyroxíne

(ugT,* dl- I 
)

1.198b

1 .00g4

1. 133
b

0. 120

Thyroxine
Secretion Rate

(ugT¡+.1ooe- t .z4tf t)

0.451b

0.3364

o 3264

0.074

TBtrl as Z
Body !üeíght

ol

62.}ab

61.1e

63.4b

2.L

tr^Iater
Turnover

I
24h-r )(ml kg

r2g.6a

138. 1a

I 60 .3b

15. 3

Metabolic
Rate

(KJ.ke -0.7 5 .24a't ¡

327
b

3064

3o2a

13

Bird
Nr:mber

42

39

23

Breed

Purebred

Line-cross

Out-cross

LSD
(p=0.02)
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3. Analysis of Variance for Breeds Physiological Data

(a) Breed

(i) Phvsío1ogical Perf ormance (Table 52)

The purebred hens were observed to have the lowest FCE (Table

46) but the híghest metabolic rate. Thís finding is similar

to that of Morrison and Leeson (1978), who found that

inefficíent bírds had significantly higher meÈabolic refes

than efficient hens under conditions of ad Libitun feeding

or of starvation. In previous analysis of purebred data no

significant correlation was found between FCE and rnetabolic

rate. However, for purebreds, FCE was sígnificantly

correlated with TSR and thís is also illustrated in results

for breeds presented ín Tables 46 and, 52. Morrison and

Leeson (1978) made the comment that 'ffor high-producing

birds, factors other than carcass size and body compositíon

are responsible for the observed difference ín feed

conversion efficiency". Previous analyses (and results ín

Table 52) have shorn¡n that with restricted f eeding, hígh body

weight and high carcass fat are probably manífest in birds

of poor effíciency. Also inefficient resËricted hens have

hígh levels of círculating thyroxíne. In ad Libítun fed birds,

the thyroíd gland assumes a lesser role ín determíning FCE.

The question that arises is t'At whaÈ feed level or energy

inÈake does the thyroid gland assume a major role ín

determi;.íng FCE in hens?" It could be Ímplied from Morríson

and Leesonrs work that thyroid gland involvement ís also

ímportant in determíning FCE of ad Libitun fed birds as TSR

in this present study r^ras correlated with metabolic rate.
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However, the previous analysis of purebred daÈa showed that

high water turnover $Ias more ímportant in determining high

FCE in bÍrds fed ad Líbitum. Thís is also indicated for the

breeds (Table 52 ar.d 46) where the out-cross 1íne had 'a sig-

níficàntly hígher \^tater turnover than'other breeds. These

results may only indícate that $rater turnover ís a more useful

variable to measure than metabolic rate or thyroxine

secretÍon rate when assessing effíciency in the ad Libittm

fed hen. DifficultÍes ín assessíng the role of metabolic

rate and thyroxine secretion are probably confound by the

wide variation ín feed intake seen amongst birds fed ad Libitum.

It would appear, however; that in the ad Libítun feeding

environment efficient bírds.probably have a more responsive

environmental neuro-endocrine setting for control of energy

netabolísm, with high water turnover reflecting their high

egg production rate. However, complications arise when

assessing water turnover between breeds as indicated by the

sígnlfieant inÈeraction found between breed and feed level

for water turnover (Table 53). The resulËs in Table 53

índÍcate that water turnover measuremer.ts per s¿ cannot be

used to assess FCE between breeds.
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Table 53. Breed by Feed Level for trlaÈer Turnover

"b M""o" Ëhat are differently superscrÍpted in each row (p<0.02) and coh.mn(p<0.01)

are significantly different.

Bird nr.mbers are indicated in brackets.

LSD
(p=0.02)

28.5

30. 1

34.r

31 .9

Out-cross

(rnl.kg-r.z4tt-1)

139.9 (S)b

r47.rQ)a

L46.6Q)a

141.0(6)a

40.9

Líne-cross

(r1.kg-r .24Íf L)

r4g .g ( 11) 
a

1 so.3 (9) a

r22 .6( 10) 
a

r28 .g O)a

3L.7

Purebreil

(ml.kg-1 .24Ttr)

r23.4(11)a

L27.0(11)a

123 . s( 1o) 
a

r45.5( 1O) 
a

30.2

Feed Level

80 g.24h-L

90 g.24h-r

100 g .24h-r

ad Libitwn

LSD
(p= 0. 01 )
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This ís probably due to rhe ¿lífferent physiological settings

of energy ancl water metabolism between breeds, for ad Libitwn

and restrícted feedíng condítíons. In the previous analysis

of purebreds there \¡Ias no significant difference in water

turnover between bírds consuming 80 g.24h-r ot ad Líbitun,

The results Ín Table 53 also indicate thís, v¡ith the out-cross

line showing significantly higher \^7aÈer turnover during

restrícted f eeding. It hras sPeculated earlier that rtiËh

feed restriction boredomin hens may contribute to higher

hrater intake and hence h¡ater turnover, l-eading to the

difficulty in assessíng \nrater turnover measurements in

relation to FCE between feed levels.

(b) Feed Level

(i) Physiological Perf¡rmance Table 54

In the previous analysis of purebred lines, metabolic rate

was sígnficantly dífferent between birds consuming 80 g.24h-r

and fed ad Libitwn But, ín comparíng the combined breeds

over the 4 feed levels there Ìüas no significant difference.

There is however, anumerically obvíous trend to higher

metabolíc rate wiÈh the hígher feed 1evel. The difference

between breeds in meËabolic rate may account for thís result.

üIater Ëurnover followed the same trend described previousl-y

as did the carcass fat estímates, TSR and plasma thyroxine.
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Table 54. The Mean Phvsiological Performance of Breeds for Each Feed Level.

Feed Level

B0 g.24h-L

90 g.24h-t

100 g.24h-L

ab Means that are differently superscrÍpted in each column are significantly different (p<0.01).

*ns Not significanÈ in analysis of variance (Tab1e 5t).

Plasma
Thyroxine

(Ugf ,+ dl-l )

L.362b

I . O03a

1 . 028a

I .0064

0.156

Thyroxine
Secretion Rate

(ueT+.100 s-r.24h-r)

o.422

0.362

0 .331

0.395

NS

TBI^I as a %

Body Weight

63 .0
b

64.2b

62.1ab

59.74

2.7

tr{ater
Turnover

(*1.kg-1 .24h-r)

150.9b

139 g"b

r25.24

L34.4 ab

19.7

Metabolic
Rate

(r¡.kg-o '7 5 .z¿rn-')

308

3L4

314

320

+
ns

Bird
Number

25

22

30

27ad Libitwn

LSD
(p=0 .01)
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4. Analysis of Variance for Breeds Eee Shell Qualíty Data Table 55

(a) Breed

(1) Eee Shell Qualíty Performance (table 56).

The out-cross line which had the highest FCE produced

eggs of Ëhe lowest shell weíght. The lower shell weíght

did not contríbute to any sígnificant declíne in the

other indirect shelI quality measurements (shell weight

per surface area of eggs or shell Èhickness), though

there hras a slíght numerical declíne ín these measures

of she1l qualíty for the out-cross line. In prevíous

analyses it was found that the hens with higher levels of

carcass fat tended to produce eggs of higher porosity.

The difference in poto"iËy for breeds also tends to shor^t

this result, but even more ít reflects the differences in

the FCE and egg production (Table 46).

(b) Feed Level

(i) Egg Shell Quality Performance (table 57)

As observed Ín the purebred analysís, feed restrict.ion

díd not cause any sígnificant declÍne in egg shell qualíty.

These results confírm the observations of Gerry and Muir

(L976), Al-Khazraji, et aL. (L972), Kari (1977) and Muír

and Gerry (1976). There r^ras a significant difference

ín egg she1l porosity between feed 1eve1s of 80 g.24h-r

and the 2 hÍgher feed levels of 100 g,24h-r anð, ad Libitwn

(ta¡te sz). trrlells (1968) reporrs rhar rhe fÍrsr egg of

a clutch tends to have a lower porosity than other eggs in

the same clutch.
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In this present study, birils on the lower feed levels

proiluced fewer eggs than tlne ad Lib¿tun fed hens, though

the restricted hens probably had a larger number of

clutches (usuall-y I ox 2 eggs per clutch) tlnan ad Libitun

fed hens. Thls shoul-il lead to overall lower porosíty in

restricted feedings, knowing that the first egg of

clutch tends to have a lowet porosity than other eggs ín

the same cluËch. The earl-íer speculatíon on higher

hrater content of the eggs of ad Libítwn fed hens may

explaÍn why there is higher porosity in eggs of the

ad Líbitwn f ecl hen.



Table 55. Anal vsis of Variance for Breeds Ess Shell Quality Data
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* p<0.05

** p<0.01

*** p<0.001

ns noË significant

Table 56. The Mean Ess Shell Oualitv Data of Breeds

Porosity

F value
¿Jt

9.42
¿-L

4. 88

o.g5ns

9 1

0 1 83

Egg
Conformation

F value

o. o3ns

1.66ns

o .54ns

91

0.003

Shell Thickness

F value

2.ogns

o. 6gns

I .43ns

91

352.334

She11 !treight per
Surface Area Egg

F value

2.76ns

o. 2gns

1 .56ns

91

14.865

Shell lùeight

F value
**

4.5r

o. gOns

1. OTns

91

0. 132

¿tf

2

3

6

Source

Breed

Feed Level

Breed by Feed Level

Error df

Error Mean Sguare

Porosity

(mg. crn-2 .z4h-1)

4.6b

4.24

4.Oa

0.3

Egg
Conformatíon

1. 35

1. 35

L.34

NS

Shel1 Thickness

(vm)

368

360

3sB

ns

Shell l{eighi Per
Surface Areia Egg

(rng. cni2 )

BI .5

80.4

79.0

+
NS

Shell i,leight

(e)

5.69b

s.64b

5.424

0.2L

df

4I

39

23

Breed

Purebred

Line-cross

0uË-cross

LSD
(p=0 .02)

"b M."rr" differently superscripÈed in each column are significantly different (p<0.02).
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Table 57. The Mean Ege She1l Quality from Breeds at Each Feed Level

"b M"trr" that are differently superscripted ín each coh:r¡n are significantly different (p<0.01)
*ns Not significant in analysis of variance (ralte 55).

Table 58. Analysis of Variance for Breeds Bodv trIeiehÈ Data

Porosity

(rng. crn-2 . 24h- I )

4.ra

4.2^b

4 5b

4 5b

0.3

Eee
Conformation

1.36

1. 33

1.35

r.34

NS

Shell Thickness

(um)

36L

362

367

361

NS

Shell ltreight per
Surface Area Egg

(mg. cm-2 )

80.0

80. 5

81.3

80.4

NS

She1l tr{eight

(e)

5.58

5.53

5.67

5.70

+
NS

Bird
Number

30

26

22

25

Feed Level

B0 g.24h-L

90 g.24h-r

I00 g .24h- L

ad Libitwn

LSD
(p=0. o 1)

Body hleight
(66 weeks)

F value
.LJ

s.96

38. 93
x

2 58

92

392L2.031,

Body trIeight
(42 weeks)

F value
**

6.09
***

34.20

l.4gns

92

29L23.69L

Body l,üeight
(18 weeks)

F value

o. Tgns

1. r5ns

1 .34ns

92

L6LL4.978

Body LTeight
(6 weeks)

F value

1. ggns

0. g 6ns

I .25ns

92

2s34.s93

Body l^leight
(Hatch)

F value
4.02

5. 50

0. g3ns

92

15. 350

df

2

3

6

Source

Breed

Feed Level

Breed by Feed Level

Error df

Error Mean Square

* p<0.05 **x p<0.001
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Table 59. The Mean Bodv tr{eight Data of Breeds

"b M."o" in the same cok:¡rn that are differently superscripted are significantly different (p<0.02).

*ns Not sígnifícant in analysis of varfance (table 58).

Body l^Ieight
(66 weeks)

(e)

1884
ab

L949
b

L7gza

tL2

Body l^Ieíght
(42 weeks)

(e)

I 860
b

1g2Oab

17104

97

Body l^leight
(18 weeks)

(e)

1541

1518

r520

NS

Body lleight
(6 weeks)

(e)

449

430

4s7

+
fls

Body l^Ieight
(Hatch)

(e)

40.44

b
42.9

4r.7ab

2.2

Bírcl
Nr:mber

42

39

23

Breed

Purebred

Line-cross

Out-cross

LSD
(p=0. 02)



r64

5. Analysís of Varíance for Breeds Bodv WeighÈ DaËa

(a) Breed

(i) Bodv \,teieht (Hatch, Table 59)

The dams usecl to produce the dífferent breeds comprísed

hens that were eíther on restricted or ad Libífuin feeding.

The differences in hatchíng chicken weíght between the

purebred and out-cross breeds was probably due to the fact

that out-cross matíngs occurred 2 weeks later than purebred

matings and weight of fertíle eggs incubated was probably

slíghtly higher.

( ii) Body Inle isht (6 weeks and 18 weeks Table 59

(iii¡

There hTas no signífícant difference between breeds in 6-week

and l8-week body weight. It is Ínterestíng to note that

chickens of lower hatching weight were tending toward

numerical-ly higher 6-week and l8-week body weight,

indícating superíor growth rates of the lower hatchíng

weight chickens

Body I,rleíght (42 weeks and 66 vreeks. Table 59)

The out-cross breed had superior FCE compared to purebreds

and this is reflected in lower body weight of the out-cross

breed at 42 weeks. However, the differences at 42 weeks

Ì{ere not sígnificant at 66 weeks but stíll numerically

different.
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Table 60. The Mean Bodv Weieht Data of Breeds for Each Feed Level

tbt M""o" ín the sane column differently superscripted are significantly different (p<0.0f).

*ns Not significant in analysis of variance (Table 58).

Please note that speeified feed levels in above table only applíed to birds from 18 weeks

to 66 weeks. Ad Libiütm feeding frorn 0-18 weeks.

Body lleight
(66 weeks)

(e)

L6744

1 8O5ab

1903b

2222c

145

Body l^Ieíght
(42 weeks)

(e)

L6454

17o5a

I 852b

2Og3c

L25

Body ltreighË
(18 weeks)

(e)

I 500

1507

r 561

I 555

NS

Body ltreight
(6 weeks)

(e)

442

433

45r

450

+
ns

Body l^Ieight
(Hatch)

(g)

40.04

40.54

42.6
ab

43.9
b

2.9

n

30

27

22

25

Feed Level

80 g.24h-r

90 g.24h-r

100 g.24h-r

ad Libitum

LSD
(p=0.01)
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(b) Feed Level-

(i) Bodv Wei øhr (Ha Ëch- Table 60)

As stated prevíously the dams used to produce the different

breeds comprised hens that were either on restricted

feedíng or ad Libitun feeding. Chíckens from these dams

were allocated to lower ailult feeding levels íf their

motherrs FCE were hígh. This has probably resulted in the

observed dífferences of chicken hatching weight. The more

efficient indíviduals selected as dams were mainly hens

on restricted feed and were probably producing eggs of

lower weight.

(1í) Bodv l^Ieíeht 6 weeks and 18 weeks- Table 60)(

(iíi)

There were no significant differences between 6 and 18-

week body weight of chíckens allocated different feedíng

levels from 18 weeks of age. But the combíned breed

hatching body weÍght and l8-week bocly weight masked the

observations made prevlously, on the relaËion between

breeds and growth rate. In fact there is a trend for

higher 6-week and l8-week body weight íf hatching weight

fs higher. This ís opposite to trends seen in Table 59 and

fndicates breed differences.

Body l¡Ieight (42 weeks and 66 weeks.Table 60).

The significantly lower body weights at 42 weeks and 66

weeks of age observed with feed restríction confirms the

observations of many restricted feedíng experimenÈs (Sykes,

1972). There Ìras a breed by feed level interaction for

66-week body weight.
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Table 61. Breed bv Feed Level for Bodv Lteieht (66 weeks)

Means that are differently superscripted in each ro\¡r are signifícantly

different (p<0.02).

Numbersof bírds are indicaËed in brackets.

From Table 61 it can be seen that dífferences betvreen

breeds only become significant at the higher feedíng

levels. However, the dífferences between breeds at

lower feed levels is numerícally obvious. The most

efficíent breed (out-cross) showed the tendency for lower

66-r¿eek body weight at all feed levels except ad Líbítun.

6. Surnrnary of the Functional Differences Between Breeds

(a) Summary of the Functional Dífferences Between Breeds over the

ab

Production Period 18-66 weeks TabLe 62 Fisures 13 and 14( )

2352279 (6) ab2334(e) b2oB7(10)aad Libitwn

25rrso3(2)a1982 ( I 0) b
1904 ( 10) bt00 g .24h-r

222L672Q)a1839 (9) a1862(11)a90 g.24h-r

2ro

(e)

(1604(B)a

(e)

(1694(r1)a

(e)

1704(r1)aB0 g.24h-r

LSD
(p=0.02)

Out-crossLine-crossPurebredFeed Level

There \Áras a signifícant difference between breeds in FCE

and egg production rate. The purebreds were ínferior in FCE

and egg production to the line-cross and out-cross hens. The

improvement'in performance of the line-cross and out-cross tras

considered ùo be due to heterotíc vígour. The out-cross breed
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which was the most efficient, had the highest \^Iater turnover,

which paralleled íts reduced body fat content and lower body

weight. Shell weight of the out-cross line, however' lras

inferior to the other breeils, but thís characteristic l^7as not

reflected in the other shell strength levels, which were

different from the other breeds.

(b) Su¡mnary of the Functíonal Differences Between Hens Fecl 80 g.24h-t,

90 e.24h-r. lOO s.24h- r and Ad ZLbítun over the Production

Period 1B-66 weeks (lable 63. Fieures 11 aní 12).

Birtls on feed levels of 80 g.24h-l and 90 g.24h-r showed

lower FCE antl egg production rates than birds on the higher

feeding level . Egg weight, however, hlas not affected by the

amount of feed. There I¡ras a trend toward Íncreased metabol-ic

rate with increasing feeding raËe. TSR was, however, opposíÈe

to thís trend. I,rlater turnover was highest in birds on the

lowest feed intake. Botly fat content tended to increase wíth

the feed consumed as did body weight. There rntas no difference

in the strength of egg shells from hens on the dífferent

feedíng leve1-s, but there r^ras a trend toward increasing she1l

porosity with increasÍng feed íntake of hens.



TabLe 62. Summarv of the Averaeed FuncËional Differences Between Breeds over the Production Period 18-66 weeks

o\
\o
t-{

Variable

ns Not significant

Values given average the performance of each breed over all feed levels (80 g.24h-r, 90 g.24h-r,100 g.24h-L

al¡.d ad Libitwn).

LSD
(p=0.02)

NS

3.1

L7 .7

1.8

13.0

15.3

2.r
o,074

0.120

o.2r
ns

ns

ns

0.3

ns

97

LT2

Out-cross

97 .9

28.4

L65.9

56.0

302 .0

160 .3

63.4

o.326

1.133

5.42

79.0

358. 0

r.34
4.0

r520

1710

1792

23

Line-cross

97.9

25.r
145.8

57 .3

306 .0

138. I
61.1

0.336

1 .009

s.64

80.4

360.0

1.35

4.2

1518

182 0

1949

39

Uníts Purebred

97 .9

2r.9
r30. 8

s5.7

327.0

r29.6

62.8

0.451

I .198

5.69

81 .5

368.0

1.35

4.6

r54t
1860

1884

42

g.24h-L

7.

oö

KJ.I^I-o '7 5 .r4n-t
ml.kg-l .24n"t

7"

UB T,+. IOO g-t .24h-r
'¡.rg T+ cll-l

o6

mg.cm -

W

mg. c*-? z4h-L

e

g

oÞ

Feed íntake (18-66 weeks)

FCE (18-66 weeks)

Egg ntunber (18-66 weeks)

Average egg weight (18-66 weeks)

Metabolic rate
I{ater turnover

TBW% body weight

Thyroxine secretíon rate
Plasma thyroxine
Shell weight

Shell weíght per S A egg

Shell thickness

Egg conformation

Poro sity
Body weight (18 weeks)

Body weight (42 weeks)

Body weight.(66 weeks)

Bird number



I 9o g.24t-', 100 g.24h-rTable 63. Sunrnary of the Averaged FuncËíonal Differences Between BÍrds Fed 80 9.24h

and Ad liLbitum over the Production Period 18-66 weeks
Feed Level

O
l\ LSD

(p=0.01)

3.8

4.0

22.8

NS

ns

L9.7

2.7

ns

0. 156

ns

ns

ns

ns

0.3

ns

L25

L45

Ad L¿bihrn

100.0

28.3

167 .8

57 .0

314.0

L25.2

62.r
0 .331

1 .028

5.67

81 .3

367.0

1.35

4.5

1 561

L852

1903

30

128.0

28.6

209.0

57.6

320 .0

138.4

59.7

0.395

1 .006

5.70

80.4

361 .0

L.34

4.5

1555

2093

2222

27

100 S .241i-t90 g.24lfr

90.0

23.4

T2I.I
55.6

314 .0

139 .9

64.2

0.362

1 .003

5. 53

80.5

362.0

1 .33

4.2

1 507

1 705

1805

22

80 g.24h-L

80.0

L9.2

93.8

55. 6

308.0

1s0 .9

63.0

0.422

L.362

5.58

80.0

361 .0

I .36

4.t
1500

L645

L674

25

Units

8.24n-t
7"

oõ

KJ .I^I-o '7 5 .r4¡-t
nl.kg-I -24h-L

/"

lrg T+. 100 *-t .24h-t

Irg T,+ dl-l
oÞ

-tmg. cm -

vm

mg.cm2 .z4h- L

o
at

oÞ

oõ

Variable

Feed Intake (18-66 weeks)

FCE (18-66 weeks)

Egg number (18-66 weeks)

Average egg weight (18-66 weeks)

Metabolic raÈe

l,IaËer Turnover

TBI^I% body weight

Thyroxíne secretion rate
Plasma thyroxine
She1l weight

Shell weight per S A egg

Shell thiekness

Egg conformaÈion

Porosity
Body weíght (18 weeks)

Body weight (42 weeks)

Body weíght (66 weeks)

Bird number

ns Not significant

Values given average the performance of the purebredr line-cross and out-cross hens for the respectíve

feed levels.
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Figure 12.

llistograms of the Physíological and Body I,leíght
Differences between Hens Fed 80,g24h-1 , 9Og.24h-r,
I00g.24h-l and tld Libitun over tlìe Production
Period l8-66 Weeks
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Figure 13.

HisEograms of the ProducEion ar-rd Shell Quâlity
Differences bcLween Breeds over Ehe ProducLion
Period 18-66 I,leeks
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Figure 14'

Histograns of che Physiological and Body Weight

uiff.i"..." between Breeds over the Production
Period I8-66 Weeks.
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GENERAL CONCLUSIONS

Because of the rising costs of poultry food the search for birds

that could produce satisfacËory numbers and qualities of eggs on less

food, was undertaken. Some of these birds were found and an analysis

of physiological contríbutions to their efficiency was made, while

studying several generations of hens selected for efficiency on low

feed lntake. A.337" reduction of inÈake below ttre aÅ. Libitwn leve1

was made so thaÈ a strong selective pressure was applied.

This project then, has examined two aspects of functional

efficfencies in laying hens. The flrst lfas an investigation of the

relationship between FCE and physiological v.ariables in hens fed

ad Libitulr¡ or on restricted amounÈs of food. This was examined in

2 experiments, one on the relationship betvreen FCE and physiological

varLables in 4 generations arrd 4 fanity lines of a l{hite Leghorn

breed, and the other on the relationship between FCE and

physlological variables during restricted feeding in 3 White Leghorn

breed lines (L.e. farnÍly Ilne, family line-cross and out-cross).

Sl-nce there have been few studies (Booker and Sturkie, 1950; Ota

and McNally, f961; Chapman and Black, 1967; Chapman and l"fihai, L972;

Grandhi and Brown, 1975; Morrison and Leeson, 1978; and Brake,

Thaxton and Benton, 1979) of hens or: ad Libitun and restricted

feeding relaÈing FCE to waÈer turnover, MR and thyroid function, the

effect of food restriction on carcass fat, water turnover, plasna

T4r TSR and body weight was examined. Multiple linear regression

analysis brought out the fact that efficient restricted hens had

lower levels of plasma T4 and lower body weight than inefficient

he.ns on restricted íntake.

The water turriover rates of efficienÈ hens f.ed ad. Líbitum were

htgher than among Ehe inefficient blrds. In hens fed ad Libítwn
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plasna thyroxine did not reach a statlstically significant

relationship with FCE as observed in the restricted hens, where Èhe

level of circulating plasma T4 ís probably lmportant in

netabollsing the limited food. The lower plasma T4 values of the

efficlent restrlcted hens cornpared to inefficient birds could

represenÈ one of the following possíble mechanlsms:

A decreased output by efficient birds of T4 from the thyroid

gland. Brake and Thaxton (1979) have observed that an increase in

plasna T4 was coincident with a loss of weight and presunably

reduced function of the ovaries. This could be due to slower

f-nactivatíon of T4.

There may be lolrer plasna T4 values among efficient restricted

birds, because greater amounÈs of T4 are converted to T¡ by

perfpheral monodeiodinaEíon. Ilence efficient restricted hens may

have an íncreased extrathyroidal pool of T3 compared to inefficient

blrds. Oppenheimex et d.L. (1972) and Ingbar and Braverman (f975)

have suggested that T4 is a pro-hormone, and only T3 has

Lntrinsic hormonal activity (though this concept ís not well

supported). If efflcíent restrícted hens have hlgher levels of T3'

this could then account for the increased egg production raÈes of the

efficient birds. Grandhi and Brown (1975) have speculated Èhat T3

has the direct role of mobilizing nuÈrients for egg production. They

observed thaÈ grorving chickens have a higher T4:T3 ratio than

laying hens. The plasrna 1evel of T4 relaÈive to T3 nay control

the priorities of meÈabolic actívÍties associated with growth,

rnalntenance and egg production. Assurning Èhat. there ls a nearly

constant iodohormone synthesis in all hens, adult birds wlth higher

plasma T4 (and hence greater T4:T3 ratio) rnay be more primed

for growth processes. Such birds may conti.nue to grol^r and lay
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down fat at the expense of egg producÈion. Thls is reflecÈed in

thelr hlgher body weighÈ and lower FCE. In the hens fed ad Libítum

thyroxine probably assumes a mlnor role in deÈerminlng efficiency'

The efflcíent hens in these experiuents were those turning over

more ltater, whLch carrles nutrients and enerry for egg productlon'

But Chaprnan and Black (L967 ) indicated thaÈ v¡ater turnover in the hen

ÌÍas not correlated wiÈh egg producÈfon. Further Ì\tork is required to

find how Iâ¡ater turnover is associated with some hens being more

efficlent in egg producÈíon than oÈhers. It could be that l1ke the

pig, they drink more v¡hen food is in short supply.

Regression analysis failed to find a significant correlation

between FCE and MR, as in the work of Ota and I'fcNally (1961). But in

a different analysis r^rhere birds were classifled according to theír

FCE ratings (using an approach similar to Èhat used by Morríson and

Leeson (1978)) it was found that restricted birds r^Iith high FCE had

lower MR than birds with loT^r FCE on restricted feeding. This result

ls similar Èo the findings of Morrison and Leeson (f978)'

Furthermore ry studies indicated (using FCE rating analysis)

that food-restricted birds with high FCE, also had lower TSR, plasma

T4 and body fat, but higher Iâ7ater turnover than birds with low FCE

on restricted feeding. Ad Libitun fed birds of high efficiency had

lower plasrna T4, but higher water turnover than birds with low FCE.

This small proportíon of the hens studied offers potential for

genetic improvement of FCE. The regression analysis also lndicates

that hens on restricted feeding exhlbit a greater range of functíonal

effíciencies slnce the differences observed between the llnes on

res¡rlcted feed are not apparent among lines of birds f.ed a.d. Libitum.

These findings indicate that there is poÈential for genetic studies

ln a wide range of meÈabolic characEeristlcs of blrds exposed to
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stress situations such as restricted feeding. The regression

equatlons also show that boÈh plasrna T4 (for restricted birds) and

rùater turnover (f.or aÅ. Libitutn fed birds) could be used as

seleetion varLables early in the laying life of the hens.

For the birds fed ai. Libítwn or restricÈed there r\ras a

sLgnificant decline in average l'CE from generaËion I to 4; Thls was

despiÈe selection of birds of high FCE for breeding from each

generation. The decline in FCE observed was probably due to the

effects of inbreeding. Selection of highly efficient hens from a

large populaEíon of birds (e.g. 1000 hens) eould have resulted in a

snaller decline in efficiency of hens from generatlon I to 4. The

level of food restrlction imposed, however was too severe and would

not have commercial advantage at this sÈage, but this restrlction

showed that Ínefflcient hens tended to lay down faÈ and produce fewer

eggs. The second experiment extended earlier observations made during

this project on farnily lines, that Èhere were relaÈionships beÈween

FCE and selecÈed physiological parameÈers. FCEr l'fR, water Ëurnover,

carcass fat, plasma T4, TSR and body weight were measured in 3

breed línes of l^Ihite Leghorn hens (family line, family line-cross and

out-cross) offered feed at 4 levels (80g. 24h-L, 90g.24h-L,

-11009.24h-' and aL Libitum.

The FCE differed significantly between lines. The fanily line

was lnferlor in FCE Èo the famíly líne-cross and the out-cross.

Auckland and Fulton (1973) and Auckland and l,Iilson (1975) have also

observed strain differences in FCE performance with restricted

feeding. BuÈ no workers have attempted to interrelate the

performance of various breed lines of hens with physiological

measurements such as !fR, hrat€r turnover and thyroid function which

should be involved in food use. In this study the hens bred by
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farnily llne had the lowest FCE and were found to show hlgher Ì4R, TSR

and plasna T4 than the other lines. The outcross birds which were

the rnost efficient, had the highest water Èurnover, assoclated with a

lower body fat content and lower body welght. In the previous

experiment it was found that with restrícted feeding, high body

weight and high T4 are nanÍfest in birds of poor efficiency. In

this later experiment the farnily lÍne had the highest body weíght'

TSR and plasma T4. They were also the least efficient hens,

conflrming the results of the first experiment. The initial

experlment showed thaÈ high water Èurriover was important in

determlning high FCE in birds f.ed a.d. Libítum. In the second

experiment the ouÈ-cross line (which was the nost efficient breed

lLne on aÅ. Libiturn feeding), also had a significantly higher nater

turnover than the 2 other breed lines. Because of ínteraction,

however, of level of food intake with water turnover the Èurnover

measurements pe" 8A cannoÈ be used to assess FCE between lines.

This could be due Èo dífferent physiological setÈings of enerry and

water uetabolism among lines, for ad Libitum and restricted feeding

conditions. Differences between breed lines of hens in FCE and egg

production rate can in part, be accounted for physiologicallyr an

example being Èhe least efficient breed line whlch had an elevaÈed

TSR and plasma T4r but lower water turnover than the most efficlent

line. There clearly are, thus, lean hens with lovr MR and plasma

T4r which turn over large amounEs of waterr and whose eggs are

produced wÍth greater energetíc efficlency than the average.

The greatest efficiency of food conversion vras obtained by out-

crossing. Crosslng between lines, sÈrains or breeds of hen selected

on the basis of physiological measurements early in laying life

could increase FCE. It remains to be deEermined vrhether these
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physlological characteristics measured durlng the growing period

would allow more rapid improvement of the efficiency of hens.

The second aspect of this project was an LnvesÈigatlon of the

consequences to egg shel1 quality of restricted feeding in the laying

hen and the relatlonshíp of FCE to the egg shell quality.

the studles of egg shell quality were made because little was

known of the relationshtp between Èhe food conversÍon of the hen and

egg shell quallty at variable levels of calcium intake (Foster and

Nell, L972; and Agriculture Research Council, I975) and at fixed

levels (Al-Khazrají, Al-Fayadh and Shirley, L972; Gerry and Muir,

L976; Muir and Gerry, I976; and Kari, Quisenberry and Bradley, L977).

There has been deterioration of egg shell quality ín the egg industry

and with the rising cost of egg production it has become more vital

to nalntain adequate shell quality. Shell quality I¡Ias assessed in

terus of shell weight, shell weight per unÍt surface area of egg,

shell thicknessr eBE shape and egg shell porosity, among the 4 fanily

ll-nes and 4 generaÈions of the l^trhite Leghorn breed of laying hen in

both an ad. Libitun regime and in birds restricted to B0g.24h'I,

used ln the first experiment.

Significant differences ln shell weight and egg shape were

observed among the various lines, but there l^tas no difference

between lines in other measurements of shell strengÈh. Shell

thickness was sígnificantly correlated with body weight (r=0.257**)

and egg weight (r=0.225*). Thís contrasts with the findings of

Foster and Neil (1972) who reported that variations in body weight

and egg weighÈ had ínconsistent effects upon she11 thickness. This

dlfference mlght be due to bl-rds 1n my study being a more homogeneous

population (due to lnbreeding) than those birds used by Foster and

Neíl ( 1972). Cipera and Grunder (1976) showed that birds which
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produced thicker shells had lower body weights, in contrast to the

flndlngs of ty study. Egg shell poroslty correlated positl-vely with

all productlon variables (FCE, r=o.257**, food intake, r=0.314***,

egg number r=0.30***). The rate of ürater movemenÈ Ehrough the egg

shell could be linked with the rate of lrater turnover in the hen,

which was found to be related to efficl-ency in Èhe previous study.

Perneability of the integument to water is a functlon of rate of

rùater turnover (Haines et aL. L974).

Birds restrlcted in feed intake consumed an average of 3 g

calcium per day, and the ARC (1975) concluded thaË the calcium

requirement for maximum egg output vlas 3.0 g.24]n-1. Ilowever, the

shell weight of eggs of birds on 80g of feed daily was signlfícantly

lower than for eggs from birds Í.eð, ai. Libittnn Kari, Quísenberry and

Bradley (1977 ) observed no significant changes in shell weight of

eggs with I27" feed restriction, but in ury study feed restrlcÈion was

approximately 337". It is possible that the calclum inÈake of these

blrds r¡ras not adequate to meet the requirements for satísfacÈory

shell formation. There were, however, no signlficant differences in

shell weight per surface area of egg or shell thickness, between Èhe

2 feed levels. Sinilarly, Al-Khazrajl, Al-Fayadh and shirley (1972)

and Gerry and lluir (L976) did not observe any significant decline in

shell quality with 15% feed restrictÍon.

The first generation of hens produced thinner shells and eggs

wlth less shell weight per unit surface area, but higher egg shape

l-ndex, than all other generatí-ons. This generation of hens was also

the most efficient.

The efficfent food restricted birds had a superior egg

productíon rate, but the average egg weight was about 4 g less than

fron inefficient bírds. The lower egg weight of efficient hens was
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paralleled by their lower shell weLght. This appeared to affect

other shell strength parameters such as shell Èhickness and shell

weight per unit surface area of egg, $rhich were also reduced compared

to inefficienÈ hens. The netabolic cost to hens of produeing egg

shell is high. Efficient birds appear to use llmited food resources

to naintain egg numbers, rather than shell or egg weight.

IhLe a.d. Libitun feed 1nËake of efficient and inefficient birds

was similar but, unlike the response to restrlcted feeding, e88

production rate and egg weight rrere greaËer 1n the efficienÈ hensr so

they susÈained a high rate of conversion of food Èo eggs.

Shell weights of inefficíent hens fed aã. Líbitun sras lorder

than Èhose frorn efficienÈ birds, but there r{as no difference between

the 2 efflciency groups in other shell strength characters. Egg

shell porosity, however, was still elevated in the efficíent hens,

r¡tith high I'7aÈer turnover. These studies indicate that changes in

shell qualiÈy reflect differences in levels of bird efficiency.

Selection of birds which achieve high levels of efficiency as well as

good shell quality on restrlcted feed, offers an oPportunity to

lmprove profitability by reducing she11 breakage.

These studies have indicated that individual birds differ ln the

effective use of energy, egg production and shell quality. Those

blrds whlch are highly efficíent and have adequate shell quality on

low feeding regimes have considerable potential for selection and

breeding. Furt.her hormone turnover sÈudies in relation to use of

energy and fat deposltion could lead to a better understanding of

efficiency in laying hens.
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APPENDICES

A. ANALYTICAL I,ÍETHODS

1. Determination of Crude Protej-n

(a) Equíprnent

Digestion flasks (100 rn1)

Digestion rack with electric heaÈers

Markham still

Ehrlenmeyer flasks (100 ur1)

(b) Reagents

(c)

Catalyst míxture - Selenium Kjeldahl catalysÈ tablet (each

tablet containingl g of Na, SOO and 0.05 g of Se).

Concentrated sulphuric acid

40% Sodium hydroxide sol-utlon

I 7" Boric acid (indicator solution)

Prepared by dissolving 10 S H,BO, (Boric acíd) ín

approxlmately 500 ml distilled waËer and 0.016 g methyl red

and 0.008 g bromocresol- green dlssolved in 200 m1 ethanol.

These t¡,¡o solutíons were mixed and made up to nearly I l ttith

dlstlll-ed vrater. The pH of the solution r¡as adjusted wíth

0.1 N NaOH solution until tþe sol-ution was bror'rnish red and

then made up to volume.

0.01 N Potassium bí-iodate solution.

Method

(i) 0.5 g of feed sample was weighed accurately and transferred

to a 100 ml digestíon flask.

(iÍ) To this was added a catalyst tablet and 5 ml of concentrated
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H^SO,. The solution was heated until clear and then heated¿+
for a further 20 mín.

The digestion flask and contents was allowed to cool to room

tenperature and then made to volume (100 ml) with distilled hrater, and

shaken vigorously.

5 nl of the dígesÈ was pipetted into the Markham still and 5 mL

of 407. NaOH added. lühen the solution in the still was boiling,

distíllatíon was allowed to proceed for 2.5 min wj-th the típ of

the condenser irmnersed in 5 ml of boric acíd solutíon (índicator).

Distillation proceeded for a further 0.5 rnín with the collectíon

flasks lor¿ered to wash the típ of the condenser.

This distíllate was Èirrated with 0.01 N IAI (I03), colour change

being from green to pl-nk.

2. Determínation of Amino-Acids

(a) Equipment

(íii)

(iv)

(v)

Beclrman amino-acid analyzex

Digestion flasks (1 1, 250 ml)

Reflux condenser

Rotary evaporator

Cylinder of nitrogen gas

Heating mantle

Ilhatman fílter paper (no. 54)

Round bottom flask (250 nl)

Reagents

-6N Hydrochloric acíd

-10% Sodium citrate ín propanol (pH 2.5)

- 3Oi4 H2O2

- 901l Formic acid

(b)
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0.5 g of powdered feed sample was weighed and transferred

to a 500 ml conical flask. This was placed in an ice

bath and cooled to OoC.

1O rnl of performic acíd (5 ml of 3O7" Hr)rwas added to

45 ml of. 907. formic acíd and the mixture allowed to

stand at room temperature for t h to allow the formation

of performic acíd) cooled to OoC, was added to the feed ín

the flask and oxídation allowed t,o proceed for 16 h at goC.

Removal of the performic acid was achieved by fírst adding

20 rnl of ice cold water and freeze drying'

The freeze dríed residue from the oxídatíon reaction was

washed into a I 1 round boÈtom flask and 600 ml 0f 6N HCL

adcled.

This soluÈíon was refluxed for 20 h on a heating mantle at

I10oC. After cool-ing, the sol-ution was filtered through

a No. 54 !ühatman filter paper under vacuum and diluted to

I 1 with dístillecl water.

45 rnl_ (25 urg proteín) of this solution was transferred to

a 25O ml round bottom flask and evaporated to dryness

using a rotary evaporator. The residue \¡las washed twice

with 10 ml of clistilled water,, each tÍme being evaporated

to dryness usíng the rotary evaPorator.

The amino-acÍd resídue was taken up as a solution in 10%

sodium citrate buffer containing 10 Ug Protein ml-l and pH

adjusted to 2.5.

(i)

(íi)

( iií)

(1v)

(v)

(vi)

(víi)



L74

(viÍi) 10 Ul- of the amino-acld buffer míxture was injected down

the column of the Beckman amino-acid anaLyzer and

concentration of eluted amino-acids graphed in order of

elution. Sample amÍno-acids were referred to standard

amino-acids.

3. Determination of Gross Energy and MetaboLizable Energy of Feed

(a) Method

(i)

(ii)

(iii¡

(iv)

(v)

Representative samples of both the f eed and excreta r,Iere

ground to a powder.

The bomb calorimeter was calibrated using a standard

saurple of benzoic acid (99.77" purity) with a known calorific

value. Benzoic Acid (0.5 g) was weíghed into a crucible

and compacËed.

The crucible r'ras placed on the support pillar in the base

of the bomb. A standard length of sewing cotton was inserted

between Èhe coils of the firíng wire. The other.end of the

cotton was rested onÈo the test sample. The bomb was lowered

onto the lockíng rÍ-ng which was turneil until ít clamped the

bornb body to the base. The thermocouple was then plugged

into the top of the bomb body.

The valve of the oxygen cylínder hras opened and the valve

on the panel of the control box turned a11or¿ing the oxygen

pressure within the bornb assembly to rise to about 30

atmospheres.

By means of the fcalvo Zerot knob on the control panel, the

líght spot. índex of the galvanometer r,rras brought to zero and

allowed to stabilize.
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The f iríng button was then pressecl . Irnmedíately after

the defl-ection had been recorded, the gas was released

through the pressure release valve at the base of the

bomb.

Both feed and excreta samples Ì¡lere treated in the same

manner as benzoic acíd, each sample repeated until a

constant deflectíon on the galvanometer I^7as recorded. A

blank run \¡ras made with cotton and crucible only.

The GE of the feed and faeces was then calculated.

The I,IE of the diet was then deËermined (without correction

for Nitrogen retention). ME (KJ.kg-l) = GE feed consumed -

GE excreta collected.

4. DeterminaËion of Plasma Thyroxíne

(a) Equipment

Reactíon tubes ( 3 n1 plastíc vial-s)

Plastic centrífuge tubes, 10 ml

Vortex mixer (Townson & Mercer)

I{ater bath, thermoregulated to 45oC t loC

Mul-tiple air flow device (This apparatus permitted controlled

flow of air into the reactíon tubes contained in a test tube

rack in the waËer bath. This increased rat.e of evaporatíon of

alcohol from reaction tubes (Mutphy and Jachan, 1965).

rr Autospenser tt

Resin dispenser (allocating 0.5 m1 quantitíes of resin

simultaneously into the reaction tubes).

Automatíc Quickfit dispensers (1 m1 amd 3 ml)

Counting tubes ( the solution Èo be counted. was pJ-aced in a
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smal-l 3 ml plastic vial, capped and these placed ínside

plastic counting, tubes L.2 x 7.0 cm).

Gamma counter (Packarcl)

(b) Reagents
I ô.

Radioac t i v e " t I-L- thYroxíne

stable thyroxine: sodium pentahyilrate-1-thyroxine (sígrna)

EÈhyl Alcohol 95%

Aníon exchange resin, Dowex 2

- Barbítal buffer, 0.075 M, PH 8.6 (stored ín refrigerator at

4oc)

Propylene glYcol

- Phenol

- Human plasma

Stock Standard, 1 mg.ml-l 25 mg L-thyroxine and 2.5 ü1

propylene glycol was acldeil to a 25 ml vol-umetric flask. It

was díssolved by aclding 0.1 N NaoII in 2 ml alíquots wíth

swirling until a clear solution was observed. This was then

made up to volt¡me l^títh ¿lístilled wateT. Stored ín a fteezet,

thís soluËion lasts 6 monÈhs.

Dilute Standard A, 10 pg n1--1 0.5 rnl 0.5 N NaOH' One ml

propylene glycol and I nl stock standard solution was added

to a 100 ml volumetríc flask. Thís was dí1uted to volume with

dístilled r¡ater, míxetl and stored at 4oC in a refrigerator.

This solution was prepared fresh with each total Tq determination'

Dilute l.Iorking Standard B, 0.1 UC m1-1 . Into a IO0 ml

volumetric flask was added 0.2 rnl 0.5 N NaOH and 1 m1 dilute

Standard A, diluted to volume with 95% ethanol. This solution
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was preparecl fresh wíth each toÈa1 Ta determínatíon.

rsc-l25r-Tq Reagent. Pooled human serum 15.0 ml- which

contained TBG, 17" (w/v) phenol (5 ml) and 5 ml propylene

glycol was added to a 500 ml volumetric flask. This r¿as

dil-uÈecl with 0.075 M barbítal buffer and 25 pCí of 125t-ru

(O.25 rnl) was adclecl. Af ter mixíng buffer was made to volurne.

Metho{

(í) 0.6 ml of 957" ethanol was added to 0.3 url- of each plasrna

sample in a centrifuge tube, capped and míxed iurmediaÈely

on the vortex for 10 seconds. The sample r¿as then

cenÈrifuged at 21000 rpm for 10 rnin. .D

(ii) Duplicate samples (0.3 nl) of the suPernaÈant slere

transferred to reaction tubes and evaporated to dryness

in a v¡ater bath at 45oC wíth a gentle stream of air.

Standard samples of 0.0, 0.01, 0.03 and 0.05 ml of dilute

working stanilard B were pipettecl in duplicate into

reactÍon tubes and evaporated to dryness.

(Íri) one ml of TBG-l"t-r, reagent was added to each drieil

tube (automatic Quickfit dispenser). The rack of tubes

was shaken mechanícally for 2 min. The samples were Èhen

heated at 45oC in a water bath for B mín, removed and

shaken mechanically for 2 mín.

(iv) The rack in an ice bath was then pl-aced in the refrlgerator

for 45 rnin. The rack was then re,moved from Èhe refrigerator,

and the resin aildeil to all reaction tubes. A1l- reaction

tubes ln the rack were shaken mechanícally for exactly

1 min , replaced ín the ice-water bath, and 3 ml
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(automatic Quíckfit dispenser) cold buffer (4oC) added.

The reacËion tubes were capPed and shaken manually by

invertíng rack of.tubes 6 times. The resín settled

rapidly and 1.5 n1 alíquoÈs of the clear supernaÈant \¡Iere

pipetteil directly ('Autospenser") into the glass counting

vl-als. These !"ere capped and placed Ín the counting tubes'

(d) Determination of Recovery

The maín source of error in the Èotal thyroxine method Ís

the incomplete extractíon of Èhyroxine ín ethanol. Thus the

recovery of thyroxine from ethanol extractíon hlas determíned.

One ml of a solution of radioactive Èhyroxíne in 95%

ethanol (approximately 20r00O cpm.ml-r) was addetl to each of

20 counting tubes and evaporåted to dryness. one ml of

pooled hen plasma \¡tas ailcled to each tube and míxed gently.

This solution was íncubated for B min at 45oC, shaken again

and countecl to 20,000 counts.

Two rn1 of 95Z" eÈhanol was added to eaeh tube and mixed on

the Vortex.

The tubes were then centrÍfuged at 21000 rpm for 10 min. One

ml of the supernatant lvas transferred to a second countíng

tube anil counËed to 201000 counts.

Z Reeovery =
cpm supernatant X 3 x 100

cpur added

th" 125t-tu

of. O.377".

tt:,e % recovery of

was 77.267" wj-t}:. a S E'

from an ethanolic extraction

!
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(e) Control Data

A pooled plasma sample stored lrozen rnras assayed wíth

each total thyroxíne estimatíon. '

A mean value of 1.34Ug.d1-1(S E = O.14Ue.d1-1) was

obtained fox 20 separate determinations.

Cal-culations of Unknorrn Samples

The standard solutions of 0.0, 0.01, 0.03 and 0.05 ml

corresponded to thyroxíne values of 0, 1, 3, and 5 Ug.dl-l

respectively, under the condíËions of the rnethod. The mean

time for 20r000 counts was plotted agaínsÈ thyroxíne (Ug.dl-l).

The regression equatíon for the data was determined and the

mean tíme for each sample using the regressíon equation gave

the thyroxine concentration in Ug.dl-1. The concentration

obtained was corrected for the recovery of thyroxíne from plasma.

5. Determínation of Thyroxine Secretíon Rate

(a) Labelled Thyroxine Solutíon for Inj ectíon

th. 125t-ru solution for injectíon was made up as follows:-

0.5 ml of 2Oo pCi.ml-r of 125t-T4 r,ras added to a bottle

containing 14.5 ml sterile saline. Tive m1 of hen plasma was

added to thís mixture together with 2 mg of. penicillin. This

gave a resulting '25t-r, solution wíth a concentration of

approxÍmate1-y 5 UCi.m1-l

(b) TSR Determinatíon

After weighing birds, I ml of 5 uCí.ml-l of. I25t-trr $/as injected

intramuscularly into each bird. In order to determíne the timc

for equilibration of I25l.-14 hrith the thyroxine distríbution

(f)

ri
!¿

I

*
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space and before significant recírculatíon of l25t-T ,

occurred, blood samples \rere dra\¡7n from Èhe brachial vein at

t h, 2h,3h,4h,5h,6h, th, Lztt, 14tl! 2oh,24hand27h.

log rn125l concentration (counts per 600 sec per 0.2 m1) was

plotted againsÈ time (h). It vTas obseÏved that an exponential

declíne of p¡125ï .o',rr,ts occurred from 4 h to 12 h, after

which a change in sloPe occurrecl.

For routíne TSR determinations samples were drawn at

4 hr 7 h and 10 h after injectíon of "tt-rO. The radioactívity

!ìras measured in an alíquot (0.2 ml) of plasma. The alíquot of

hen plasma \^ras made up to 1.0 ml with addition of 0.8 rn1 of

sheep plasrna contaíning TBG. This ensured that 99.9% of the

l"t-tu in the hen plasma \^tas protein bound.

(í) DeterminaÈion of Labelled thyroxine Recovery in Bird Plasma

Ì
I

I

added to Sheep Plasma Follor¿ins Precipítation

A source of error ín the method of determination of

TSR in birds is due to labelled thyroxine in plasma not

being completely bound to the proteín component' Thís

hras overcome by acldÍng sheep plasma contÍning TBG to the

hen plasma, ensuring all the "tt-r, ín the plasma was

protein bound.

To test the compatability of the hen plasma with the

sheep plasma with respect to binding of thyroxíne,

duplícate samples of 0.1, 0.2,0.3 ancl 0.4 ml of l'5t-,,

labelled hen plasma (20,000 cpm .ml-r ) was made up to

1 ml volume wíth sheep plasma in counting tubes. 1.0 rn1

!
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hen plasma r^Ias used as a comparíson.

This mlxÈure I^Ias then incubated for 30 min at

37oC and counËed. The protein comPonent of the plasma

mixture was precipitated using Smogyis reagent. The

protein precípítate tlas washecl 3 times using

distilled waÈer, and then counted (Packard Gamma Counter).

% Recovery =
counts asma x 100courits precipitate

The percentage recovery of bird and sheep plasma

following precipitatíon was 99.6% wítln S E of 0.27..

Percentage recovery of hen plasma alone was 99.I7",

(ii) Precip itation of Labelled Protein Bound Iodíne

To 0.2mL of hen plasma in a 16 mm x 125 mm pyrex

counting tube was ailded 0.8 ml of sheep plasma. This

was íncubated aË 37oC for 20 min. To the counting tube

was added 7 rnl of dístilIed water followed by I rnl of

lO7" (w/v) ZnSo+.7HzO and I ml of 0.5 N NaoH, the

contents of the tube being thoroughly stírred after

each addítion. The protein precipitate was allo¡nred Èo

stand for t h, and then separated by centrifuging at

2,000 rPm for 10 nín. The supernatant üras decanted

and the precipitate washed 3 times by resuspending it in

successive 10 ml portions of water, stirring with a

glass rod, centrífuging and díscarding the washings.

The.protein precípitate was Èhen counted in a

Gamma counter for 600 sec. Each sample r¡as referred to

I
I

I
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a sËandard sample count of 5 m ¡rCí.ml-l of the injected
1'5t-ru solution.

The log of the count rate (counts per 600 sec) of

the samples r,¡as regressed against time and Èhe equaÈion

extrapolated to zero time (To) to obtain an estimate of

the count rate at the time of injection. The biological

half-1ífe (tr) of the t'5r-ru ín the circulation r^ras

estimated from the regression equation and the raËe

constant for loss (K, "/" day) was calculated as

0.693
as K = tra

The dístribution volurne (DV) of the hormone was then

calculated.

Dv (n1)
Standard count x counts injected x

volume of plasma used
Counts at TO

Plasma thyroxine concentrati-on was determined on

samples by the competitíve protein-binding assay of

Murphy and Jachan (1965).

The daily secretion of thyroxine was then calculated.

Ta pool (Ug T,*) = DV x plasma thyroxine concentratíon

From the half-tíme, the thyroxine pool turnover in

one day was calculated (i.e. Lrg T¡+/day).

TSR ín UgT4.100g-l .24h-l ras then calculated using

body weighr of the bird.
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( 1ií) Correctíon Factor for TSR

Due to the rapid turnover of thyroxíne ín the bírdn

determinatíon of TSR does noÈ take into account the

iodide component of thyroid hormone turnover. Before

precípitation of p1-asma PB125r, plasma "tt-ru counts

were obtainecl fírst and then plas*t Pn125I-Tu counts r¡Iere

made on the 3 samples talcen from each bírd and correction

factor calculated.

6. Determinatíon of Metabolic Rat.e

(a) Method

(i)

(ii)

(iíÍ)

Bird under study \^ras starved for a period of 12 h.

Bírd was weighed and then placed in an aír tight chamber

connected to an oxygen supply at one end and to a

metabolimeter (300 Volume Mete::, Med-science Electronícs,

St. Louis Inc.) at the other end. The base of the

chamber contaíned a carbon dioxíde absorbing materíal

(Sodasorb) and a Ì^rater vapour absorbent (Silica Gel).

Ihe bird vras prevented from contact with the

absorbing materials by a section of wire mesh placed

over these materials.

At the time the bird was placed in the metabolímeter,

records were made of the aÍr temperature and the

atmospheric pressure (rnbar) .

The chamber r¡ras filleil wÍth oxygen from a pressurized

source and the bird was allowed 15 min to equilíbrate ín

the chamber.

(iv)



(v)

(vi)

(vii)

(viii)
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Measurement \^tas then made of the oxygen consumed by the

bírd, while the carbon dioxíde and water vaPour produced

were absorbecl. Oxygen consumption reduced the volume of

the system which \¡las compensated for by the piston of

volume meteï moving to the ríght, into the cylinder'

recorded by a pen mor¡íng across a stríp chart fastened

to the front of the volume meter.

The oxygen uptake by the bird was recorded ín 5 runs of

10 rnín.

The respiratory quotíent was assumed to be one for all

birds. (fhey were on the same diet).

Metabolic rate lvas then calculated correctíng volume of

oxygen consumed to standard temperature and pressure and

lras e).pïessed as r.r.kg-0'75.24n-' .

7. Determination of I^Iater Turnover. Total Bodv llater and Carcass Fat

(a) Equilibration Period

A dose of 50 UCi of TOH (0.5 ml of 100 pCí.ml-rTOH) t""

injected'intrarnuscularly. Bírds vlere starved for 12 h and

taken off water prior to ínjection so that no riel^7 l,Iater \^las

added to their system. Blood samples of 2 mL were taken at

1, 2, 3 and 4 h after which hens were given access Èo their

food and \ârater. Further blood samples were taken at 6 h,

L2 h, 14 h, 20 h, 48 h' 72 h ar'd 96 h after injecÈíon. TOH

was obtained by sublimation of whole blood with liquíd

nítrogen in uacao (0.01 Torr) using a cold trap (Cooper,

Radin and Borden, 1958). TOH concentration relaÈive Ëo HOH

was then determined on aliquots (0.5 ml) dissolved in
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díoxanscíntillation f1uíd (7 ml) r^rhich contained PPO (5 g),

napthalene (80 g), eËhanol (250 ml), toluene (375 ml) and

dioxan (375 ml). This mixture converted ß electrons Èo

photons whích were deËected by photomultipliers. The samples

rüere counted in a Packard liquid scinÈillation counËer. After

4 h there r^Ias an exponerrtial decline in triËíum counËs.

Total Body Water and l,{ater Turnover

For routine determinati-on of total body water and r'Iater

turnover, blood samples were taken 4 h, 1 day, 4 days ar.d 7

days after injection of 0.5 ml of 100 UCÍ.ml-ttOtt.

Total Body !üater (Ttsl{). A sÈandard was counted to obtain

the val-ue for the dose of TOH ínjected.

TBII (rn1) counts ín'i ected
courits at equílibrium

I.Iater turnover was deríved from the hal-f-life of TOH in

the bird.

The rate constant for reduction of TOH concentration ís

0.693
(= X100E\ rrays

K is the exponentially derived fraction of the waËer pool

turned over per unit tÍme. The volume of waËer passing through -

water turnover - Ís the fraction of total body water turned

over daily.

K X TBI^I = ml. 24h'r

The water turnover r¿as then related to the body weíght

as nl-.kg-1 .24h-r .
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(c) Carcass FaÈ EstimaÈes

Total body water (rnl) was divíded by body weigtrt (g) to

give a carcass fat estimate expressed as a Percentage'

8. Determinat ion of Shel1 Qualitv Varíables

(a) Eee ConformaÈion . Shell I,teíeht. Shell I^Ieisht oer Surface Area

Ess and Shell Thíckness.

(i) Method

A total of 10 eggs from each bírd were collected

over the age period 45-55 weeks. Each of these eggs r{-as

used for measurement of egg conformation, shell weight'

she1l weight per surface area of egg and shell thickness.

The weight of each fresh egg \¡/as measured to the

nearesÈ 0.01 g after which egg width and length were

deterníned with a precision of t 0.005 cm usíng a

vernier caliper. Shape índex or egg conformaÈion was

calculated as the quotient of egg length dtvided by egg

width. A line was drawn around each egg at its equator

after which the conEenËs \^lere discarded and the shell-

membranes and cutÍcle removed by the method of Tyler and

Geake (1953). The shells were rínsed thoroughly and

dried in an oven at 80oC for 24 h. Dried shells llere

weíghed to the nearesË 0.01 g, and shell thíckness (to

the nearest micron) was taken as the average of five

measurements aÈ the equator using an anvil-jawed

micrometer. The quotíent of dried shell weight and fresh

egg surface area was calculated to gíve shell weighË per
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surface area of egg (mg.cm-2). Egg surface area rnras

calculaÈed usíng the formula of Mueller and Scott (1940).

S = 4.67 wo'66 where

S = surface area of the egg in cm2, and

[,I = fresh egg weighÈ in g

The results for all eggs from each bird were averaged.

(b) Shell PorosiÈy

(r) Method

A total of 10 eggs from each individual bird were

coll-ected over the age period 45-55 r¿eeks for measurement

of egg she1l porosity.

The weíght of each egg r¡ras measured to the nearest

0.01 g before and after a 7-day incubation at a

temperaÈure of approximately 3BoC and a relative

humidíty in the region of 8O%. The quotient of egg

weight loss (over 7 days of incubation) and fresh egg

surface area was calculaÈed to give weight of water loss

per day (mg.crn-'.z4tf '). Egg surface area was calculated

using the formulae of Mueller and ScoËt (1940). The

results for all eggs from each bird Ì^tere averaged.
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B. LISTING OF DATA

Abbreviati'ons

The followlng abbrevíations are used in the listing of

data. Units of varíables are índÍcated where applicable.

Itlentif icatíon

Generatlon

Feed Level

Unfts

Feed Intake (18-66 weeks) g.24h-L

Feed Intake (22-42 weeks) g.24h-r

Egg Number (18-66 weeks)

I

I
D

G

E

N

F
D
L
v
L

F
I
I

6
6

F
2
2

4
2

E
G

G

1

:
6
6

E
G

G

7

4
2

Egg Number (22-42 weeks)



7"

%

oÞ

g

F
c
E
I
I

6
6

F
c
E
2
2

4
2

A
E
I,{

1

I

6
6

A
E
I^I

2
2

4

2

FCE (18-66 weeks)

FCE (22-42 weeks)

Average Egg trùeíght (18-66 weeks)

Average Egg lleight (22-42 weeks)

dÅ. LÌ,b¿tun

Llne-cross

Purebred

Out-cross

Introducetl Sire

Metaboli-c Rate

I.Iater Turnover

Total Body trIater as a % of Bo<ly trùelght

189

T]NITS

KJ.r^fo '75.ron-t

ml.Þ.g-t.24}i-L

ADL

CROS

PURE

OUTC

ST

I^ITURN

I4R

7.T0TI^IAT
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TSR

PLT4

SHELL

SI,ISA

STIIICK

Thyroxine Secret.ion Rate

Plasma Thyroxine

Shell !üeíght

Shel-l l^leight per SA Egg

Shell Thickness

Egg Porosity

Egg Conformatíon

Botly l^Ieight (Hatch)

Body trIeight (l hreek)

Body l^leight (2 I^Ieeks)

Body hleight (3 !üeeks)

Body tr{eight (+ I^Ieeks)

Bocly lleight (5 l^Ieeks)

Body !üeight (6 hreeks)

Body l,{eighÈ (B }Íeeks)

Bocly trIeíght (10 l^/eeks)

Body trleight (L2 Ileeks)

Body ltreight (14 !Íeeks)

Body l^Ieight (16 Vüeeks)

Body tr'Ielght (18 trrleeks)

Body T,Ieight (22 l,rreeks)

Body Weíght (26 l,Ieeks)

Body l^Ieight (¡O I^Ieeks)

Body trleíghr (34 Lrleeks)

Body lleight (gg tr{eeks)

Boily ttleight (42 l,leeks)

Body l{eíght (46 Weeks)

Body lüeight (50 l^leeks)

Units

UgT,..1009-t.24h-r

¡rg T,f dl-l

-2mg. cm

g

w
POR

ECON

BI,I I

BW2

BÌ4I 3

BI^f 4

BI,l 5

BI^I 6

BI^I 7

BI^I 8

Bl4I 9

BI^I 10

BId 11

BI^I 12

BI^I 13

BW 14

BI^I 15

BT{ 16

BLr 17

BI.I 18

BT,ü 19

BhT 20

BI.I 21

g

tt

tt

ll

lt

il

ll

il

il

ll

il

il

lt

ll

n

tt
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Unlts

BW 22

BÍÃ 23

BI¡I 24

BI,il 25

Bo<ly üIelghË (54 lüeeks)

Body !treight (58 lüeeks)

Body !üeight (62 lfeeks)

Bocly lleight ( 66 l{eeks)

e

g

e

g
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2 Listing of Purebred Data
Pro<luction Variables

F
2
2

î
2

F
I

I
ã
ó

F
LD
IGL
NEVI
E NL D

E
G
G
I

I
ã
6

F
c
E
I

8

e
6

E
G

G

2
,2

4
2

F
c
E

2
2

î
2

Ê
¡{
2
2

1
2

A

E
t{
I

I
ã
6

5t.0
br.ó
5-l .o
60.2
56.2
63.7
58.9
59.'I
54.3
5:1.9
53. 7
55 .8
5ó.3
55.3
54.9
52.2
54.O
59.9
49.ó
53.5
54.6
5.1 .'I
5t .2
54.4
53. ó
50.3
50.o
50.2
50. 5
50. 3
53.6
55.;l
53.3
50. ó
53. I

58. ó
55.3
52.4
48.8
41.2
5r.3
62.8
52.e
55.7
54.3
49.4

52,6
54.4
54.1
ó2.6
óo.3
óó.8
ó3. O
6l ,l
5J.4
62.3
56.6
59.3
58 .8
57.5
50.o
53.5
55.2
57.8
52.2
5ó. I

56.5
il.4
53.2
56.6
58. 5
53. 5
54.9
52.4
53.9
54.O
55.O
ól.o
56.7
53. r
55.O
6l .5
58.8
55.3
52.2
50.9
55. I

66.6
48 .7
ó0.8
56.8
52.3

t7 .2
t7.4
)o.2
25.2
17.7
l4.l
22.2
28.4
18.9
2t .7
20.6
23.4
2-4.7
.16.2
22.O
46.9
33. I
3ó. 5
27.6
33.5
36.9
30.3
32.6
3.t .4
29.1
?-4.1
34 .3
lg.7
23.9
24.4
2e.3

2:t.5
26.3
35. 3
2.6.6
28.6
14.5
lo.9
ll .o
24. I
t4.6
I t.ó
18.4
2l .8
t4.I
28.4
20. I

23.7
2t.5
l4 .2
z.r.J.5
39.9
3l .8
34.4-
I 7.8
27.7
32.O
24.9
27.8
25.2
26.1
r 8.3
28.3
9.8

23.5
2'1.6
27.6

43

4e

80

80

AI J
Al 2
At2
At 2
A,r 2
At2
At2
At2
Al 2
Ar3
At 3
Al 3
At 3
Ar 3
Ar 3
Al 3
AJ3
At 3
At 3
At 3
A¡3
At 3
Ar 3
Ar 3
Al 4
Al 4
At 4
Al 4
At4
Al 4
A3 .t

432
A32
A32
A32
432
A32
A32
A32
A32
432
A33
433
A33
433
A33

8.O
ADL
ADL
ADL
ADL
ADL
ADL
80
80
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80

YEL I

GREN2ó
GREN35
GREN 92
GR EN 72
GREN58
G0LD4
BLIJE2
B LUE 25
Só23
s626
só2.8
Só40
s647
Só4.I
G0LD49
GOLD I 9
GRENó5
GOLDó I

G0LDó2
s5 óó
s5ó8
G0LDó
GRNI OO
P I NKSO
P INK52
P I NK53
GREE N4
P INK99
GREEN I

YELz
GREN25
GREN.I4
GREN I 5
GRENAó
GOLD9
GOLD I 2
GOLD I ó
BLI'E5
BLUE2I
BLUE 30
5ó 2e
Só38
Só39
Só4q
Só59

80
t38
t33
t34
r43
t33
t4t

80
80

t34
¡30
t32
97

t07
t34
80
80
80
80
80
80
80
80,
ao

t42
t3ó
128
80
80
80
80

I lo
t25
t l:l
t12
t08
tt4
t.r o
80
80
80

t27
t31
,130
12.)

't 26

190
t9t
23t
216
1.20
214
t71
14
85

tót
209
te5
t90
t54
213
it3
53
5l

,t 24-to

55
9¡

ilo
67

230
tó8
t.9 t
t,t 0
7t

t02
195
teó
235
t32
183
t70
r78
,170
t30
.l4l

8.e
l7e
93

t12
t93
230

96
I04
JO8

eo
46

I t8
84
34

83
t04

92
88
e3

.t 04
3l
3ó
.t.9
57
31
29
48
62
39

.t 03
18
84
55
36

98
a9

r20
89
a9
95
81
96
12
69
il
a7
iil
78
88

toó

3e. o
24.4
29.2
3r .5
15.4
32.1
23.5
I 7.O
l8.l
24.2

43.7
27.7
29.1
29.O
t 3.o
40.3
25.O
r 7.8
2().9
25.7
30. ó
2J.7
36.4
34.4
30.4

no
80
80

80
t?_8
.121
128
t40
¡30
t4l
80
80

.123
128
¡3t
94
99

¡3t
80
80
80
ao
80
80
ao
80
80

t4t
t33
132
80
80
80
80

|2
I 15
tt7
l08
9:l

t08
t0t
80
80
8.o

t25
r38
r33
il8
t30

ADL
ADL
ADL
80
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADL



SóóO
s662
G0LDó9
G0LD72
G0LD92
G0LD93
s574
GREN9I
GREN 95
s57 I

G0LD75
GREN22
GR EN 24
GREN I ó
GREN I 7
GREN3I
YEL3
GR EEN3
GREN2 I

GRE{3 I

GRENó8
BLUE9
BLUE22
BLUE24
BLUE 3 I
BLUE32
BLIIE 38
BLIJE33
GOLD79
só34
BLTIE 8 I
s642
s644
Só45
Só55
BLUE5 I

BLIJE99
BLIJI OO

BLUEóO
BLUE 74
BLUE90
G0LD8O
BLUESó
G0LD84
G0LD8ó
G0LD88

261
205

83
t05
lo
91
94
ól
8.1
76
88

lro
2t2
t04
83
a:l

tor
202
241
121
2t2
il7
ól

.roó
94
56
7A

r07
l9l
t5l
.1.78
192
t70
218
204

64
.l08
t32
62

il7
66

126
a2
ól
46
51

35.ó
3¡ .o
I ó.ó
24.2
.19.6
23,2
22.7
t3.l
20.2
23.6
24.6
27.4
34.4
23.9
2i.o
24.q
2l .9
28.7
36.6
26.8
33..9
29.2
l5 .3
24.O
19.9
5.9
It .4
32..1
33. I

3.t .3
23.3
33. ó
21.4
u.6
29.8
14.4
20. I

28.4
1.4

27.6
r 5.o
2a.o
l8.o
I 2.5
.1.4
14.c

55.3
55.3
54.6
50.7
49.9
5i.6
5l .8
48.5
52.5
5'o.3
55.6
.52.2.
56 .1
53.5
59. O

52.6
54.4
57 .3
58.8
68.3
60..5
54. I

57.9
53.6
5l .4
62.2
57.3
5ó.8
52.1
5ó. O

59. I

óó. I

5ó. O

62.3
53.8
55.4
51 .7
53.3
52.9
57.8
55.5
52.5
53. 5
54. I

57 .1
53.2
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55,2
52.1
4e.2
47.O
52.O
55.4
50.6

52.2
53.0
48. 9
49.2
47.8
5.1 .0
49.9
45.9
50. 3
57.3
53 .0
54.1
53.0
50.5
57.2
50.8
53.4
53.8
54.5
65.O
56.5
50.4
55. I

49.8
47.4
59.8
53.2
54.5
50.2
54.O
53.4
62.4
54.1
59 .1
50.3
53.7
46.4
51.3
5l .2

Listing of Purebred Data
Production Variables (Continued)

Â
E
l1

2
2

'4

2

A

E
l,l

I

8

6
6

F
c
E
2
2

7
2

E
G

G

2
2

E
G
G

I
I
¿
6

F
2
2

z
2

.F

I
8

z
6

F
LD
I GL
N EV I
ENLD

F
c
E
I
I
ã
ó

34.6
27.6
l6 .2
.l 9..8
13. o
t9.4
l8.l
l.l .o

A3
A3
A3
A3
A3
A3

A3
A3
A3
A3

124 127
122 l.l8
80 80
80 Bo
80 80
80 80
80 80
80 .80

80 80
80 80
80 80
uo 123
r08 tt2
80 80
80 80
.80 80
80 80

l2l ,126
r2l 124
.12'o 130
123 l2e
.80 .80
BO 80
80 80
80 80
80 80
80 80
80 B0

loó I 14
loó t22
138 139
124 .129
l2;l 132
.122 .l 18
.r3l I 33
80 80
80 80
.80 80
80 80
80 80
80 80
80 80
80 80
80 80
fjo 80
80 80

3 ADL
3 ADL
380
380
380
380
3 8.O

380
380
380
380
4 ADL
4 ADL
480
480
480
t80
2 ADL
2 ,\DL
2 ADL
2 ADL
280
280
280
280
280
280
280
3 ADL
3 ADL
3 ADL
3 ADL
3 ADL
3 ADL
3 ADL
380
380
380
380
380
380
380
380
3 8.O

380
380

A3

A3

A4

A4

A4

7
2

t 2.l
96
38
55
46
5t
5l
i2
45
46
52
8:l

t02
53
45
55
46
a4

tl6
75

l08

3l
il
4:l
il
24
6ó

r05
99
85
91
95
91

t.t o
30
4A
62
l7
56
i2
66
43
21
t5
3l

5.8
ó.8
8.2
5.6

A3
A3
A3
A3
A4

i2.7
20.7
la.2
t7.o
20.5
24.4
34.9

.2,1 .4
3l .l
23.5
13. I

2l .2
r 8.o
l3.o
ró.ó
22.ó
27.e
23.8
22.8
30.5
22.3
33. I
25.O
13.2
I 9.3
26.2
12.2
25.2
13.ó
24.6
I ó.3
12.3
9.4

ll.3

A.4
A4
A4

A4
A4
A4

A4

A4
A4
A4

A4
A4
A4
A4
A4
A4
,M

^4A4
A4
A4

^4A4
A4
A4
A4



^44A44
^44444
444
444
c4 I

c42
c42
c42
c42
c42
c42
c42
c42
c42
c42
c42
c42
c43
c43
c43
c43
c43
c43c43
c43
c43u3c43
c43c43
c44
c44
Ø4
c44

ADL
ADL
ADL
80
8.o
ao
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80
80
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80
80
80
80
ADL
ADL
80
80

PINKI
.PI NK 3
PINKsI
PINK5
PINKó
P INKT
YEL4
GREN 4I
GREN47
GREN55
GOLD.T I

G0LD I 4
G0LD I 5
BLI'E I I

BLUE2O
BLIIE2ó
BLUE 28
BLIJE4I
BLI'E44
BLUEó7
BLIJE 87
B LUE 88
s55 I

s575
G0LD7ó
BLIJE54
BLUE9ó
G0LD99
s582
Só80
Só82
s578
PINK33
P I NK34
P I NK44
P I NK45

il8
il9
122
80
80
80
o8

iló
no
il7
126
il7
126
80
no
80
80
.80
80

,t oo
,139

88
124
138
.80
80
BO
80
80
ao
80
80

t25
iló
ao
ao

I I.O
.124
J08

80
80
80

t04
121
il8
120
t23
t26
.127
ao
80
80
80
80
80

loó
.l4 t

99
t26
r39
80
80
80
80
80
80
80
80

)28
il4
80
80

tó3
230
210
83,
70
89

25t
tó.t
teo
203
205
214
2,t e
.to7

97
too
149
.t05
83

t3ó
2J2

o
250
207
45
e5

.t35
59
80
97
8a

tl3
229
214
lo5
79

53
96
89
t2
.t ,t
43
iló
88

.t oo
9t

r05
l09

95
45
44
4,1
73
55
30
85
o.l

o
il2
99

9
3l
ót
32
39
55
38
58

24.9
32.1
33. rt
ll .5
.ló.3
.17 .1
43.6
23.4
3,1 .4
3l .3
27.5
32.9.
32 .l
20.7
20.4
20.o
.29.3
20.9
r 7.o
19.4
24.4
o.o

3.1 .o
23.3

g..l
l6 .7
26.3
ll.l
.15.5
l8.o
.t 5.9
22.O
30. ó
31. I

20.1
15.2

5t .ó
52.O
54..O
47 .1
52.4
50.5
52.O
50. o
48.4
52.3
56.2
5ó.5
53.O
5l .7

t94

il.e
54.2
54.4
53.1
58.7
4e.6
56.4
13.ó
56,6
51.2
52.3
51.5
59.4
4e.7
53. ó
52.O
4.9,9
5.t.o
5r.8
46.O
49.1

48.8
49.8
54.4
43.6
50.4
48. I

49.3
47.9
46.2
49.4
52.8
53.2
49.3
47.5

.t5.1
25.6
27 .O
29.O
t 8.5
l4.o

Listing of Purebred Data
Production Variables (Continued)

A
E
t{
2
2

î
2

A
E
){
,t
I
ã
6

59.7
5ó.3
57.3
56.7
62.7
53.3
57.4
56.9
óo. 9
óo.7
5ó.e
60.1
62 ..l
52. I

56.5
53.8
52.8
53.ó
55.O
41 .6
53. ó

F
c
E
2
2

1
2

.18.e
30.o
3.1 ..9

5.8
8.9

l.o. I

44.9
26.5
34 .3
3l ..t
31.8
35. ó
3t.7
20.o
2t .l
I 9.0
3l .8
25.t
13.9
26.3
22.6
o.o

3t.o
25d4
4.4
l2.l
27.4
r3.7
.t] .2
23.5

F
c
E
.t

I
¿
ó

E
G
G
2
2

ã
2

E
G
G
I
I
z
6

F
2
2

7
2

F
.t

I
6
6

I
D

F
LD
IGL
NEV
E NL

92
8f
-42
33
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Listing of Purebred Data
PhysioJ-ogical Variables.

ID MR IITURN

195

T0TI{AT TSR PLT4

3

AI
AI
A.t

AI
AI
A.t
AI
AI
AI
A,l
Al
Al

^lAt
At
AI
AI
AI
AI

^lAJ

^.tAI
At
AI
AI
AI
Al
AI
AI
A3
A3

80
ADL
ADL
ADL
ADL
ADL
ADL
80
80
ADL
ADL
ADL
ADL
ADL
ADL
80
BO

BO
80
80
80
80
.80
ADL
ADL
ADL
80
80

4t8.0
358. ó
3ó8. ó
407..1
340.2
2e5.4
298.7
325.1
3áO.7
343. I

80

80

.t

2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
.4

4
I

2
2
2
.2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

A3

YEL I

GREN2ó
GREN35
GREN92
GREN72
GREN58
G0LD4
BLUE2
BLUE 25
Só2 3
só2ó
Só28
só40
s641
Só4 I

G0LD49
G0LD I 9
GRENó5
G0LDóI
GOLDó2
s5 óó
s5ó8
G0LDó
cRN r oo
P INKsO
PI NK52
P I NK53
GREEN4
P INK99
GREENI
VEL2
GREN25
GREN.I4
GREN.I5
GREN9ó
GoLD9
GOLD I 2
G0LD I ó
BLUE5
ELUE 2 I

BLUE30
s629
Só38
Só39
Só49
só50
SóóO
S óó2
G0LDó9
GOLD72
GoLD92
GOLD93
s5it4

355.6
325.9
332.2
341.7
377.4
36:1.4
3ó3.ó
305.4
300.4
32ó.4

359.4
32:l .6.
334.i|
330. I

33ó.O
32ó.4
325.5
343.9
3,12,5
322.6
305.4
377.O
291.9
3t9.2
3 80.3
322.6.
358. ó
312.4
213.2
2t4:e
27 3.6
355. ó
452.3
383.7
353.5
431.O
409.6
380.7
4.1 3. 8
351 .5
3A2.5
366.9
329.7

ló7.o
I3t.9
I Oó.8

.125.5
t34.3
H.t .4
I 04 .:l

1 73.8
t ai.2
84.3

t48.I
t 42.2
toó.5
99.8

t.t I .4
109,4
I t5.7
133.3
t02.2
t31.8
I 22,7
I 09.8
t58.4
122..1
r 38.ó
t 38.7
r 03.8
14.8.2
95. I

J 00.4
t29.8
I 49.1
tor.4
124 .5

o.450
, o..89ó
o.404
.o.485
o.853
0.509
o. ó87
o.297
o.255

' o.7óo
o.735
| .o7-4
o.ó71
o.642
o.562
o.532
o.928
t.3ó I

o.ó12
o. 751
o..843
a.74 I

o.ó70
a.:124
o.+81
o.567
o.5¡ 9
o.302
o. óó8
o.590
o.3.lo
o. ó40.
o.678
o.47 3
o.667
0.58 I

o.70ó
o,58 7
0.358
o.395
o.702
t.o82
o.127
o.864
l.o9l
o.67 3
0.7ó8
o.740
0.67 6
a.567
o.55ó
o.59.7
o.8t7

o.740
I .399
r.019
t.ol9
I .899
I.OJ ó
.l .460
o.344
o.8óó
o.8go
t.250
J.448
o.83e
t .058
o.804
1.548
1.277
2.150
I .200
I .449
I.3Jó
1.27f,
.l .458
I .367
I .290
l.lló
0.948
| .355
I .755
I .322
o.ó¡o
t..t 38
t.t04
o..70J
1.206
1.413
o.9l 3
0.958
0.893
t.272
1.139
) .487
t.2i8
t.193
r ..t 3.t
| .040
1.500
1.449
| .40ó
| .283
t.451
1.490
I .380

ll,l .o
83. O

94.4
I 05.2
I Oó.ó
t 40.9
I 00.4
156.5
t.12.9
t.t 5 .9

t l9.o
93.:l

r 75.3
93.4

146.5
92.e

120 .1
¡53.ó
I 37.3

70. I

54.3
54.3
5.1 .3
55.8
49. I

53..1
ó5.0
ól.o
48 .8
5t.3
50.9
59. I

5t..9
5l .8
53 .5
ó5 .3
6t.2
53.9
55.8
54.4
54.2
58.2
55.0
60.2
60.4
59. I

63.9
62.8
62. t
ó5. O

54.5
53.7
57.3
6.1 ,7
5t .7
51.6
59.3
65.2
62.O
ó1.8
56. i
52.9
55.4
53.e
57. I

52.3
50.9
53.3
56.9
55.1
54.5
57.5

A3
A3
Â3

^3A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80



. Listing of Purebred Data
P;;;rãíosicar variables (continued)

ID MR I{ÎURN T0TI{AT TSR

196

PLT4
LINE GEN FDLVL

A3
A3
A3

^3A3
A3
A3
A3
A3
A4

^4A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
.44
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
.44
A4
A4
A4

^4A4
A4
c4
c4
c4
c4
c4
c4
c4
c4

3
3
3
3
4
4
4
4
4
I

2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
.3
3
3
3
3
1
4
4
4
4
4
I
2
2
2
2
.2
2
2

80
BO
80
80
ADL
ADL
.80
80
80
80
ADL
ADL
ADL
ÀDL
80
ao
80
80
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80
80
ao
80
80
80
80
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ÀDL
ADL
ADL
ADL
80

GRËN9I
GREN95
s57 r

G0LD75
GREN22
GREN24
GREN I ó
GREN I 7
GR EN 3I
YEL3
GR EEN3
GREN2 I

GREN3I
GRENó8
BLUE 9
BLUE22
BLUE24
BLUE3.I
BLUE32
BLUE38
BLI'E 33
G0LD79
só34
8LUE8I
5642
s644
Só45
só55
BLUE5I
BLUE99
BLU I OO

BLUEóO
BLUE74
BLUE90
G0LD89
BLI'E8ó
G0LD84
G0LD8ó
G0LD88
PINKI
PINK3
P INKS I

PINKS
P INKó
.PI NK7
YEL4
GREN4 I
GREN47
GREN55
G0LD I I
GOLD I 4
GOLD I 5
BLUEI I

332.6
290.4
339.7 .

348.9
303. 3
319.1
284.9
309. ó
283.1
331.2
355. ó
4A1.7
338.9
3.tó.3 ,

265.1
2,12.8
31 2.1
317.1
333.9
328.4
3l ó.7 .

3ó4. O

314.9
422.6
3;16.6
38ó.ó,
400.8,
386.2
315. I

3t o.9
3ó I ..1

318.4
298.1
3i19.5 ,

282.O
41o.5
331.O
3^t o.9
4.21 .7
340.6
359.0
34-9.4
3l 3.8
321.2
322.2
341.3
343.1
335. ó
3lJ .7
374.5
344.3
348.5
276.6

58.0
54.8
5l .9
5J.9
53.ó
63.1
5r.4
5.1.2
5ó.0
68.2
5e.1
59.8
ó1.5
62.O
ó4.3

o.5ó8
o.2.16
o.568
o.759
o. 337
O¡ ó75
a.235
o.300
o. 392
0.7óO
Ð.457
o.442
0.508
o.420
o.446
o.58ó
o.528
o.779
o,544
o.533
o.574
o.8l o
o. ó30
o.ó81
o.621
o.847
o. ó07
o.189
J.ó38
o.7l 9
o.705
.l . 178
o.737
o.7pl
o.890
I .214
o..489
o.792
I .434
o.58e
o.354
o.534

' .o.8,94
o.ó48
o.767
o.380
a,47 6
o.456
o.529
o.522
o.822
o. ó73
0.3ó4

t.o0ó
l. ooó
t.o97
t.187
o.922
t.lóB
1.219
1.2t 3
l.lló
| . óo.o
1.o33
1.o24
.l . o78
o.8J O

o. g4o
1.472
t.319
1.452
| .539
L.239
1.472
o.925
l.ooó
J.J30
1.24ó
I .367
1.229
.l . 14.8
t.óó4
0.980
-1. l,lo
L.238
t.458
| .587
1.315
t.922
I .380
1.199
.l .445
1.220
1.574
o.839
1.555
t.265

..1¡ ó78
0.7.80
r.154
t.c26
o.94ó
J .0óo
1.443
1.347
o.862

52.4
5ó.9
ó.1 .8
57.8
56.5
5il .l
59.5
ó1..1
60.2
ó5.0
53.4
62.3
55.6
52.7
57.7
6t.8
óó. I

69.4
5Q.4
57.5

ó1.ó
65.2
65.1
59.6
ó4. I
58. ¡

ó3.5
63.4
63.4
.64.3
61.5
5ó.8
55.9
55.3
54.9
5J.2
53. I

56.9

129.4
I 43.5
.l 2-9.O
t38.8
I 09.8
I ,16.2
I 3ó.9
l2t .6
I 54.O
r 25.8
I 08.9
153.2

91.O
125.4
og.3
98.O

I 1.9.8
t33.8
I 06.4
I 29.1
126.3
I t4.O
I,19.9
I .1o.7
t 72.;l
131.9
I 38.9
146.2
8ó.8
9ó.5
9-o.7
J8.9

ró8.1
128.o
loó..l
l l,l .8
I 20.9

75 .8
162.4
t 6:l .5
l ó7.1
147..1
%.7

1.23.5
97.O

114.5
1.o3. I
102.2
ll3.ó
I 05.5
124 .2
l.l 7 .9
| 32.9



L¡NE GEN FDLVL ID

tisting of Purebrecl Data
'Physiological Variables

MR WTURN

(Continued)

T0TI{AT TSR

197

PLT4

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
Ø
c4
c4
c4
c4
c4
c4
c4
c4

50
64
.7.t

ó3
ó.1

óo
55
5l
57
57
54
57
5n
ól
59
65
57
58
64
ó3
66
65

22.4
20,4
70.5
55. I
24.7

80

80
80
80
80
80
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80
80
80

ADL
ADL
80
80

BLUE20
BLUE2ó
BLUE28
BLUE4 I
BLUE44
BLUEó7
BLUE87
BLUE88
s55 I

s575
G(ILD7ó
BLUE54
BU.lE9ó
GOLD99
s5a2
Só80
Só82
s57A
PI NK33
PINK34
.PI NK44
P I NK45

271.8
4.O2.5
342.1
355.2
32,1 .2
4 33.0
.400.0 ,

387. O
398,:l
335. ó .

325.9
372,9
359. O

3ó3. ó
33e.3
477.a
380. 7
32,1 .3
362.3
344.8
328.9
33ó.4

I 14.O
t 38.3
129 .3
152.9
tot.:l

t 25.0
| 35.8
t 29.1
.145.ó
124.9
¡ 54.O
216.8
lo.l .ó
149.2
.134.7
.¡¡1.8
I 03.3

o.302
o.390
o.57e
o.247
0.439
o. ó9.ó
a.675
o.500
0.788
a.564
.1.o35
o.652
o.987
t..o57
.0.899
o.8.08
| .2.1o
o.889
o.433
o.3óó
o.561
0.535

o.983
.l .00ó
o.646
o.720
1.232
l ¿ 10.9
.l .058
o. gg5
1.230
| .174
2.41.2
t.te3
,t .r55
I .5ó.1
1.200
t.r35
| .380
J.445
o.948
0.845
t.544
t.. ór 3

4
2
I
2
I
4
7
2
I
3
5
I
8
5
a
I

I
5
2
4
8
o



r-98

LINE GEN FDLYL

Listing of Purebred Data
Egg Shell Variabfes

TD SHELL SI{SA

4

STH ICK EC0N

t.39
,l .34
.l .3ó
I .29
| ,28
I .28
| .27
| .33
I .32
I .41
I .-46
1.44
1.2.8
1.43
l .3l
s .25
1,.32
J .30
| .37
1.32
1 .42

_1.34
1.26
I .29
.l .20
I .34
I .33
1.25
t.32
I .33
| .46
1.39
¡ .33
I .40
¡.30
t .42
1.34
I .3ó
1.3ó
I .3.O
I .34
L.
t.
l.

P0R

4.8
4..2
ó.,t
4.9
4.4
4.5
5.3
3.ó
5.O
4.7
4.9
5.ó
4.7
5. I

4.-8
3.8
4.o
5.1
4.1
4. ,l

.3.1
4.O
4.:l
4.4
5.4
4.6
5..1
4,2
4.5
4.2
-4..2
4.4
5..2

AI
Al
AI
AI
Al
AI
AI
AI
AI
Àt
AI
AI
AI
A,I
AI
AI
AI
AI
Ll
AI
AJ
AI
Á,t
AI
AI
AI
AI
AI
Al
AI
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

.t

2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
.t

2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

80
ADL
ADL
ADL
ADL
'ADL
ADL
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ao
8.O
80
80
a0
8.0

80
80
ADL
ADL
ADL
80
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80

YEL I

GRE N2 ó
GREN35
GREN92
GREN72
GREN58
GOLDl
BLt'82
BLUE25
Só23
s626
Só2 8
Só4O
Só4.7
Só4 I

GOLD49
GOLDI A

GRENó5
GOLDó I

G0LDó2
s5óó
s5ó8
G0LDó
GRN I OO
P INKsO
PfNK52
PINK53
GREEN4
P TNK99
GREEN I

YEL2
GREN25
GRENI 4
GREN.I5
GREN9ó
G0LD9
GOLDI 2
G0LDI ó
BLUE5
BLUE2.I
BLI'E3O
s629
Só38
Só39
5ó49
só59
SóóO
S óó2
GoLDó9
GOLD72
GOLD92
G0LD93
s574

4.15
5.92
5.34
6.52
ó.1 4
ó..1 ó
5.91
5.92
.6.45
5.63
5.84
5,13
6.O9
5.85
ó.ó3
4.64
4. 70
5.44
5.43
ó. 05
5.89
5.1ó
5.61
5.40
5.57
5.73
5.70
5.63
5.80
5.97
5. OO

6.65
6.20
6.26
5.55
6.29
6.o2
6.23
5.69
5. 35
5.74
6.23
5,36
6.22
5,29
5.23
5.65
5.3 |

4.92
5.29
5.31
5.4 I

5.18

67 .6
83. I
17 .1
95.2
gl .2
15.9
76.3
76.9
87. t
17.O
8.2.8
7g.O
85.2
8J .8
9l .ó
73.0
69.4
14.o
80 .7
85.O
85.4
8l .8
Lt .5
8l .ó
79.3
83. I
83.3
85.1
93.5
8l .5
66.9
85.ó
83.7
95.5
17.O
80.7
;t9.5
88.3
80.4
79.4
17.t
7A.2
71.5
8.2.5
75.3
80. 9
8l .o
11.4
72.O
7l.l
.80.7
78 .3
79.3

288
375
3ó5
3eó
369
346
346
337
398
329
367
336
315
343
400
308
293
3il
35e
3óO
317
i55
347
340
354
365
373
j96
i17
380
30,1
385
38,2
390
348
357
367
397
3ó3
346
345
350
343
3tl
3v
348
367
344
304
324
351
341
337

.l ..4.o
I .35
I .31
I .r[8
r .35
| .53
t .33
| .33
I .39

80

rl
l,'i

4.3
4.5
.4..8
4.8
5.O
4.2
5.6

5.3
3.9
3.ó
5..1
4.6
-4 .9
5.3
5.3
3.ó
4.3
4.6
5.2

42
43
40

A3

A3

l
I
I

A3
A3
A3

A3
A3
A3
A3 80

l



199

LINE GEN FDLYL

Listing of Purebred Data
Egg Shell Variables

I D SHE LL SITSA

(Continue'd)

SfH ICK P0R EC0N

t.32
I .35
1.43
I .39
1.44
| .32
l.3l
l.4l
t.4.1
¡ .43
I .3ó
I .3.9
1.37
| .3ó
¡ .3ó
t.35
| .31
r.3ó
1.33
I .41

A3
A3
A3
A3
A3
A3
A3
A3
A3
A4
A4
A4
A4
A4
A4

^4A4
A4
A4

^4A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

^4A4
A4
A4

^4A4
A4
A4
A4
A4

^4
^4A4a
c4a
c4
c4
c4
c4
c4

3
3
3
3
4
1
4
4
4
I

2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
.t

2
2
2
2
2
2
2

ao
ao
ao
ao
ADL
ADL
80
ao
80
eo
ADL
ADL
ADL
ADL
80
80
.80
80
80
80
ao
.ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
BO
80
ao
BO
80
80
80
80
ADL
ADL
ADL
80
80
ao
,ADL
ADL
ADL
ADL
ADL
ADL
ADL
80

GREN9I
GREN95
s57 I

G0LD75
G REN2 2
GREN24
GRENJ ó
GRENI 7
GREN3 I

YEL3
GREEN3
GREN2.I
GREN3 I

GRE Nó8
BLUE9
BLUE22
BLUE24
BLUE3 I

BLUE32
BLUE38
BLU E33
G0LD79
S ó34
BLt'E8I
s642
s644
-Só45
só55
BLUE5 I

BLUE99
BLU.IOO
BLUEóO
BLUE74
B LUE9O
GOLDS.e
BLUE.8ó
G0LD84
G0LD8ó
GOLD8.8
PINKI
P INK3
.PINKSI
P INK5
PINKó
P INKT
YEL4
GRE N4 I

GREN4 7
GRE N55
GOLDl.l
C0LDJ 4
GoLD,I5
BLUE I I

5.OO
5.12
5.75
5.49
5.J 4
5,35
5.3 I

5.17
5.49
5.25
5.92
6.O7
7 .24
ó. ó8
6.47
5.ll
5.99
5.4I
5.52
5.8 I

5.93
5.1 ó
5.28
5.69
ó.83
5.4.1
5.71
5.0ó
5.35
5. 33
5.12
5. ó3
5.85
5.62
5.49
5.56
5.56
5.46
5.44
ó.o.1
6.32
5.5e
5.:13
5.14
5.11
5.23
6-21

79.O
€Ð. I
70. o
ao. o
8l.o
7ó.8
79.2
gl .2
:t9.9
72. I

79.7
7-9.5
85 ..7
88.ó
96.1
;t2.5
8l .7
;t5.6
:|.5.2
80.4
80. ?
78.5
:t3.4
82.4
87.9
f 6.3
;lg.o
J3.5
1;1,2
16.3
75.1
.93. O
8l ..1

78.9
8t .3
79 .4

332
350
344
464
3ól
348
353
3óO
3.&
318
366
353
38ó
40.3
38.9
3lo
361j42
337
349
353
344
3.18
3&
394
346
35ó
312
328
319
332
344
354
i42
354
344
360
335
326
38.2
400
346
3ãó

, 356
31,t
3-12
387
334
366
363
351
339
338

3,9
4.4
4.1
.4. I

5.O
,5.9
5. 1

4.6
4.5
4.2
4.3
5..1
4.5
4 ..1
4..1
3..9
.4. I
4.5
5..2
5.O
4.6
4.6

. 4.ó
3.5
4.9
4.8
4.9
4.5
{.3
3.9
4.2
4..2
3.,9
4.4
4.{
4.2
4.3
4.4
5.O
4.îl
4.3
4.5
4.7
4.5
4.5
4.o
4.9
4.9
4. 1

5.O
5.3
4.f
4.2

| .3.1
1.40
1.38
1.44
1.45
| .38
r.37
l.4l
1.38
I .38
r.3ó
| .45
1.39
1.48
I .3J
tr.52
I .4.O
il .34
1.42
-l .40
1.35
.l .40
r.5l
t.39
,l .38
1.4 I

.l.34
I .39
I .32
I .37
| .38
1.34
.l .2e

82.0
:lg.ó
11 .l
83.ó
89.6
7.8.6
80.3
79.3

.93

.94

.1 4

93.ó
69.4
95.4
J4.4
78.2
18.2
19.:l
l,.l .9
15.1

.97

.47

5
5
5
5
5

t
I

!

5.20



200

Listing of Purebred Data
Egg Shell Variables (Continued)

xi

LINE GEN FDLVL ID SHELL Slt{SA SII.TICK .P(IR ECOÌ{

70.5
72.5
83..7
73.9
17.5
:l,5.4
84. 1

8J.t

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
Ø
c4
Ø
c4
c4
c4
c4a

80
BO
80
80
80
ADL
ADL
ADL
ADL
ADL
BO
80
80
.80
80
80
80
80
ADL
ADL
80
80

5.7J
5.37
6.26
5.32
5.59
4.77
5.23

4.46
4.69
5.50
4.46
5. OO

5.7.1
4.94
4.83
4.93
5.56
5. ó8
5.8ó
5.98
5.87

æ.2
71.6
73.8
75.2
17 .4
70 .8
14.5

.69.6
70.6
80.4

82.o
84.-6
gó.3

356
'tZB
33ó
346
345
301
2.87

298
30ó
33ó
302
3lo
354
307
338
309
3ól
314
379
378
398

4.-4
5. I
4.4

.33

.28
.3.1
.32
.32
.33
.30

.28

.29

.31
.3.1
.34
.3 I
.31
.31
.29
.3ó
.30

BLUE2O
B LUE2ó
BLUE2.8
BLUE4.I
BLU E44
BLIIEó7
B LUE87
BLUE88
s55 I

s575
G0LD7ó
BLUE54
BLUE9ó
GOLD99
s582
Só80
Só82
s57a
P INK33
P I NK34
P I NK44
PINK45

4.5
4..8
5.3
4.2

,
I

I

I
.t

I

¡

I
.t
I
I

I

I

I
I

.t
t
I
I

I

I

.35
40
38

4.6
4.5
3.9
4.4
4.2
3.7
4.8
4.2
4.4
i.6
4.8
4.J
4.3
3.7

ü
rê

,l

I

t
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5. Listing of Purebred Data
BodY Weights

LINEGENFDLVLIDBw.IBlr2B¡l3Btr4Bl{5BltóB.w7B}{8

I

i

i

Al
AJ
AI
Ai
A.l
AI
A.t
A¡
At
AI
A.l
AI
A.l
AI
AJ
A.l
AJ
AJ
AI
Àt
AI
A,I

AI
A.t
AI
AI
AI
AI
A.t
AI

^3A3
A3
A3

^3A3
A3

I
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
,4

4
4
4
I

2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

80
ADL
ADL
ADL
ADL
ADL
ADL
80
80
ADL
ADL
ADL
ADL
ADL
ADL
80
80

7;
l04
t04

.,93

l09
99

I l4
t02
ill
iló
81

.t43.
r3ó
t3ó
t22
.t35
.129
r37
l3¡
t07
t30
t.l 4
127
t.t4
t.2l
t30
ll9
124
129

75
t02
89

l05
tJo

93
96

tt2
¡o8
il4

82
149
1.25
.t38
t33
149
I ll
.t 33
t30
r30
123

. ll.o

ao
.80

80

BO

80
80

,YEL I

GREN2ó
GREN35
GREN-O2
GREN72
CR EN5 8
G0LD4
BLUE2
BLUE2 5
s623
Só2ó
Só28
Só40
só4 7
Só4.I
G0LD49
GOLDI.9
GRENó5
G0LDó.I
GOLDó2
s5óó
s5ó8
G0LDó
GRNJ OO
P I NKsO
P INK52
.P I NK53
GREEN4
.P I NK09
GREEN I
YÊL2
GRE N25
GRENJ 4
GREN I 5
GREN9ó
G0LD9
GOLDI 2
G0LDI ó
BLUE5
BLUE2 I

BLUE3O
Só29
Só34
Só39
s649
Só59
sóóo
Só62
G.0LDó9
coLD72
GOLD92
G0LD93
s514

4å 4¿
40 ,5
45 59
40 52
52 62
50 59
48 13
48 64
+18 óO
43 66
43' 56
4t 78
3e 75
40 73
47 , ,67
45 73
43 73
39 75
38 73
4.1 62
42 7l
44 ói
4,t 75
48 64
46 12
46 73
37 65
39 66
37 69

aa

50 49
49 ó,1

47 53
45 64
.43 59
42,5ó
42 54
44 69
4:l ól
51 6;l
42 41
43 85
42 7l
44 78
40 76
40 89
40 62
39 15
38 72
39 -71
34 65
37 62

r3; 20å
t:t4 248
177 265 '

.r 55 227
,17 6 253
r59 230
I 81 264
.t74 246
,ra3 243
I 87 246
t47 . 201
2.to 295'
203 290
2.to - 295
J 90 260
203 212
I 75 290
211 312
2.15 3lo
t87 .255
2l I 280
,t:t5 .230
.115 29J
l9l- 285
209 296
20.5 28.9
.r 9ó 215
t90 2&
205, 215

28å 3 zð 52'a
331 420 537
37.1 4M 675
300 3ó5 585
342 .429 675
303 i77 585
3ô1 .469 620
338 393 523
348 455 lO5
338 428 644
2e9 37;l ó-lo
375 4óO 695
354 .430 .670
365 4A5 7.lO
365 450 665
390 4ffi 740
375 5J 5 760
388 500 7,20
375 500 130
340 440 795
370 485 430
3l o 400 620
3f5 500 705
375 514 ;165
34.1 455 ó80
351 406 óoo
390 508 7AO
354 455 ó35
390 500 ?l o

aaa

272 362 5óO
330 42J 604
2e9 378 516
303 .369 510
353 393 óOO

305 352 530
294 355 485
300 402 óo5
313 4.lO 484
3óO 445 655
240 3óo yo
422 555 830
346 555 659
380 5lo 740
350 440 ó65
376 475 715
335 420 ó50
380 500 705
390 5'4o^ 7A5
367 465 674
3ó5 490 740
35ó 450 535

1

80
ao
80
ADL
ADL
ADL
80
ao
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80

t2;
r5ó
146
.ló8
t79
154
t56
169
J15
lal
132
231

, t92
218

.20.1
. 209

174
2t2
2lo
205
t94
,115

toi
238
219
233
263
220
218
243
238
2,14
.184
326
275
302
264
265
220
295
304
289
280
251

,.1
I A3

A3

A3

A3
A3
A3
A3

A3
A3
A3
A3
A3

A3
A3
A3
A3

r
I

;

l
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I,isting of Purebred Data
ÉoaY wàignt= (cQntinued)

LINEGENFDLVLIDBtI.lBlT2Bt{3Bt{4B,l.l5BllóBl{78lâl8
A3
A3
A3
A3
A3
A3
A3
A3
A3
Art
A4
A4
A4
A/+
A4
A4
A4
M
A4

^4A4
A4
A4
À4
M
A4
A4

^4A4
it4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

^4A4
A4
A4
A4
c4
c4
c4u
c4
c4
câa

3
3
3
3
4
4
4
4
4
I
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
I
2
2
2
2
2
2
2

ao
80
80
80
ADL
ADL
80
80
,80
80
.ADL
ADL
ADL
ADL
ao
80
BO
80
80
80
80
ADL
ADL

"ÂDL
,\DL
ADL
ADL
ADL
80
80
80
80
80
80
80
80
a.o
80
80
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80

70
72
70
73
60
62
ól
64
ót

84
53
70,
54
15
70
7,2

61
63
57
56
72
54
50
77
66
ó8
ól
51
41
50
-â9
48
47
ó9
43
73
63
72
7l
67
46
ól
51
52

65
7l
51
óo
65
ó8
8l

r35
132
t.20
t26
I r5
I 1,7

120
il7
ilo
126

87
.r 2.9

98
il3
l2l
.t 23
ll7
ll4

180
1.90
t95
tao
t-93
t.85
t97
.195
r.ó5

208
148
2ll
tó5
.t80
t92
,203
t9ó
t9ó
r53
ló9
t'94
.t48
r37
193
119
190
.162
t42
il3
.123
t02
134
.1.29
la-7
t02
lBo
.t55
,201
205
t90
l3l
182
156

róå
t93
142
tó.1
l4;l
t96
u6

3lo
305
273
240
285
245
218
280
235

400
400
3.84
335
385
325
381
{08
302

520.
5,lo
56
444
5lo
425
5t5
545
4.1o.

745
7ó5
885
675
720
64O
775
755
631

7s5
533
524
560
ó14
562
598
ó50
7AO
535
6?O
650
ó.lo
ó.lo
645
ó80
ó80
540
æ5
%5
540
516
ól I

5r5
685
440
ó90
540
790
ó50
óoó
505
595
665
605

491
507
382
505
489
625
704

GRENg.I 40
GRENg5 31
s57l 42
GOLD75 43
GREN22 3ó
GREN24 39
GRENI 6 43
GRENI 1 40
GREN3.I 38
YEL3 .
GREEN3 5ó
GREN2 I 43
GREN3 I 42
GRENó8 39
BLUE9 44
BLUE22 49
BLUE}í 48
BLUE3.I 41
BLUE32 46
BLUE38 46
BLUE33 41
GOLD79 45
5ó34 42
BLUE8I 42
s642 40
s644 40
só45 40
só55 39
BLUE5 I 4 I

BLUE99 .4O

BLU.IOO 43
BLUEóO 45
BLUE74 4A
BLUE.SO 4I
GOLDÛ9 42
BLUESó 39
GOLD84 44
G0LD8ó 46
coLD88 4.1

.PINKI 41
PINK3 45.
P I NK8.I 36
PINK5- 43
PINKó 43
PINKT 39
YEL4
GREN4 I 45
GREN47 41
GREN55 31
GOLDI I 45
GOLD.I4 52
GOLDI 5 50
BLUE I I 49

3rì 42\ 53ô
226 31,t. 39.1

275 353 393
240 320 389
.26i1 355 453
282 380 '474
297 401 4óO
285 38ó 467
291 4l I 53.1

253 345 445
256 375 438
280, 31 9 440
228 300 4.lo

,201 270 396
261 620 425'
.260 334 450
271 31 5 450
220 284 355
t88 286 3óO
J 85 23J 365
.t e1 261 364
t 55 .234 32G
216 294 406
t81, 235, 340
255 330 461
t58 182 2%
255 34A 455
214 250 334
29c. 381. 522
276 3ó5 465
255 3¡ 5 3Aó
,t 8¡ 237 305
252 320 393
244 322 426
215. 286 385

236
264
I 95-
236
209
283
304

313
35.1
263
3ló
281
373
40..7

37¿
393
340
314
340
435
50.2

J03
95

t30
roo
89

126
ill
.t 2I
l07

94
16
8l
ó8
82
80

.123
63
iló
lol
t34
r33
r t5
:t6

r05
.lo.l

92

r08
t,t 8
.95

loo
95

t22
r3ó

J50

I
I
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- Listi4g of Purebred Data
Body I.leights (Continued)

L INE GEN FDLYL I D BIII BW2 BI{3 Blt4 BI{5 BTtó BI{7 Bl{8

BO

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

C4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4a
c4
c4a
c4
c4

80
80
ao
.80
80
ADL
ADL
ADL
ADL
ADL
ao
80

BLUE2O
BLUE2 ó
BLUE28
BLUE4.I
BLUE44
B LUEó 7
BLUEs 7
BLUEBS
s55 r

s575
G0LD7ó
BLUE54
BLUE9ó
GOLDq9
s582
Só80
Só82
s57A
.P INK33
.P I NK34
P I NK44
PINK45

,1.21

I t5
¡08
l04
lt2
.t.25

95
75
98

l05
122
r t3
84

l14
il3
t2l
.t 27
tot
Jf,)4
.t 25
iló
r07

,t9J
248
t76
¡ó3
ról
J90
t53
,to9
.152
tóo
t61
t83
t38
t,75
tóó
,t7ó
t8t
147
il5
2lo
.t90
112

268
333
253
242
24:l
25A
232
tt5
215
216
230
255
t8ó
230
205
20ó
230.

.2.1o
230.
277
2;lo
250

3ól
401
331
3tó
328
334
3ro,
215
295
285
307
349
?5L
32ó
294
305
3.l e
370
315
3ó5
344.
325

565
590
399
389
3.90
420
429
29e
3to
384
3óO
424
3óO
4.lo
3óO
3BO
435
370
400
454
446

426

.7A9
850
570
500
540
644
&o
505
5.t o
445
5óO
ó39
.529
ó.10
585
590
66)
443
ó05
655
ó80
óó5

80
BO
80
80
BO
ADL
ADL
.80
80

5l
5t
54
,49
49
43j7
3ó
33
39
4.1

3A
3ó
39
10
39
31
3ó
44
46
3ó
3ó

66
7t
64
ót
&
65
49
44
53
6;l
7l
59
41
69
69
ó8
70
63
66
70
ó3
óo
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LINE GEN FÐLYL ID

Listing of Purebred Data- 
Áody weights (continued)

Btl9 BWIO BtllJ BWl2 Br{l 3 Bltl4 Bl{'15 BIll ó

A.l
AI
AI
At
A,l

AI
Al
Al
AI
AT

A,I

Al
A.t

AI
A,l
AI
A,I
AI
A,l
AI
AI
Àt
A.t

Àt
Al
AI
AI
AI
AI
At
A3
A3

I

2
.2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
I
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

A3

A3

A3
A3
A3

ao
ADL
ADL
ADL
ADL
ADL
ADL
ao
8.O

ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80
80
.80
.80
80
ADL
ADL
ADL
80
8o
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL
80
80
ao
80
80

YELI
GREN2ó
GREN35
GREN92
GRE N72
GREN58
GOLD4
BLU E2
BLU E2 5
Só23
Só2ó
Só28
Só4 O

Só4 7
Só4.I
G0LD4 9
GOLDI 9
GRENó5
GOLDó I
G0LDó2
s5óó
s 5ó8
GOLDó
GRN.IOO
P TNKsO
.P I NK52
P INK53
GREEN4
P INK99
GREENI
YEL2
GREN25
GRENI 4
GRENJ 5
G REN9ó
G0LD9
GOLD.I2
GOLDI ó
BLUE5
B LUE2 I

BLUE30
s629
5ó38
só39
Só49
Só5 9
SóóO
s662
G0LDó9
GOLD72
G0LD92
G0LD93
s574

16.1
747 ,

8óO
800
880
830
867
ó85
965
890
a75
865
870
_950
aóo
960

lo25
925.
995

,lo¡5
to25

845
930

I OOO
900
820

I 035
845
920

154
812
152
665
8JO
730
ó85
8ló
692
915
170

l.l oo
925
965
870
945
880
930

I OOO
8ó5

.l.o l0
750

se; t 
^;970, .1245

I t25 .l4lo
u05 t3óo
I loo 1345
.il t0 t 455
ilJ 5 1350
942 '.J2.lo

il85 1 345
il.r o 1215
I 145 ,l 355
r 180 I 280
ro80 I l85
roóo 1255
to55 I 190
t.r40 ,1300
r280 1445
I 200 J 335
t225 l4l5
il45 1400
ll25 1340
tJoo 1230
I r35 1265
1265 I 470
r.r 35 I 320
I050 ,1245
-1225 1350
ro30 I 180
I .r 25 126ø

aa

9Ar) l2lo
1050 l.2eo
945 1.150
891 I 105

r 020 1230
905 I 150
8BO lO40

JOóO I 2óO
945 I 200

t200 1405
e20 I 135

I 230 1475
. lo50 I 3.lO

I OO5 .l 1.95
I O90 l2:15
914 1325

lo85 1275
1.r 50 1.274
1200 I 390
eo5 I Oó5

.ror5 1200
950 I 135

1445 1600, 2.125 2A20 2215
ioiá .tJe5 2285 2355 2330
t 51O I ó95 I 7eO .1 855 2J 3q
i sag t 4óo I óeo l'&l o 1985

I 440 l5ó5 .l ?'l o '17óo laóg
i osó t.tB5 2o2o l78o 2o)5
I 2l O 1485 1840 'l ó80 I 880
¡ sas I ó95 l 9ó5 2165 201 5

1475 1625 2O2O 2Os0 lq??
i ¡zo .t43o tg37 2095- I 78o
1425 1545 1845 I e35 l81q
tòàs .lólo )e,65 le'lo te!5
i¿ão t5eo I 9e5 2t4o 2t5o
r¿lo .15ó5,J750 1740 ló50
1545 , 17 t5 t 8óO .17óO I q?q
iltl t45o .l ó15 l7o5 1575
r 335 ló30 l7a5 .l-elo ló80
t.2co 1485 t 665 l 75o l72o

A3

A3

A3
A3
,t3
A3

A3
A3
A3
A3

A3
A3
A3
A3
A3
A3
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' Listing of Purebred Data
, BodY Weights (Continued)

L INE GEN FDLVL ID B}'I9 B.ITI O Br{ I'I BI{T 2 BTII 3 B!{'I 4 B}1'I 5 BllI ó

A3
A3
A3
A3
A3
A3
A3
A3
A3
A4

^4A4

^4A4
A4
A4
A4
A4
A4
A4
A4

^4A4
A4
A4
A4
A4
A4
A4
A4

^4A4
A4
h4
A4
A4
A4

^4
^4
^4A4
A4
A4
A4
A4
c4
c4
c4
c4
c4
c4
c4a

3
3
3
3
4
4
4
4
4
.t

2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
.3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
I
2
2
2
2
2
2
2

80
80

80
,80
80
80
ADL
ADL
80
80
80
ao
ADL
ADL
ADL
ADL
ao
80
80
80
80
80
8O
ADL
ADL
ADL
ADL
ADL
ADL
ADL
a0
8,0
80
80

GREN9I
GRE N95
s57.r
G0LD75
GREN 22
GREN24
GRENI ó
GRENIT
GREN3 I

YEL3
GREEN3
GRE N2.I
GRE N3 I

GRENó8
BLUE9
BLUE22
BLUE24
BLUË3 I

BLU E32
BLU E3 8
BLU E33
G0LD79
Só34
B LUES I
s&2
Só44
Só45
s ó55
BLUE5 I

BLU E99
BLUT OO

BLUEóO
B LUE74
BLUE9O
GOLDS-g
BLUEBó
G0LD84
GOLDBó
G0LD88
.PI NK I
P INK3
P IN K8.I
P INK5
P INKó
P INKT
YEL4
GREN4I
GREN47
GREN55
GOLDI I

GOLD I 4
GOLDI 5
BLUE I I

885
995

il15
8óO

.99A
.u5

lo.to
.t020,

780

922
137
747
175
802
ios
808
900

I 045
175
985
-900
840
880
905
925
925
730
770
841
785
855
.850
770
835
ó38
925
165

LO45
892
7eo
:t2a

, 780
840

. 8.10

707
102
553
655
1.15
895
912

t.t70
I 2tO
I 205
t o90
.t220
I OóO
I 250
1240
JOó5,

a

t.ló5 ,.

940
885

,to45
I O,l5
I O25
r 035
I l.BO
I 345
I O20.
t,t 80
I OOO
t045
J 075
t 035
ll lo
JO30

ato
954

lo5c)
955

J O80
I O05
.o45
945
835
965
ato

I 075
t.t o5
o35
945
9óO
e90

.t I lo

92|o
905
735
89r)
915

I 190
I 150

t820
1190
1925
r7lo
te25
I 175
I 735
I e55
1.820
I 620
2005
¡e55
2430
ra50
I ó85
20.1o
1795
I 900
2loo
2070
.t780
1730
¡ 9AO
2085
I -a35
I o35
t./25
.t780
t785
I 555

.t 645
t 935
ló.lo
¡7lo
I 355
ló35
.l óóo
1565
I ó40
I 725
t560
¡ 585
l5.10
.l ó80
.lór10
r óóo
2185
2l o0
2025
2l 05
.1980
2065
I 920

80

80

1240 1470 ló05 . I 735 1965
.r 3óo I 5óO .l ó30 ,1830 20t5
1455 l5óo .1675 1800 ,18óo

tJ95,13,70 ló35 1745' ¡7lo
I 375 I 49f) ló35 -1830 .l 9l 5
il.co t3t5 1415, lTlo J845
i:rs l rró5 .1.ól o l74o l9óo
r 3óo t 455 t 625 I óeo I qlg
i ãi o .t 47o I 7l.o t 715 I e5o

t 2t5 I 500 I ó50 )'875 2010
.iãrr t540, lzoo le2o-Ió5o

. l:¿l I 500 . l51A I 855 "1645is¿o Ió80 .l 735 l87o I78o
1285 1425 l5A5 1735 ' l7óO
iãóo .t&5 ' t:t6o tees 'le3o
t2o5 I 34o l45O .l 850 'l qll
l24A 1425 -1595 J 94O :1870

I 320 I 315 -ló15, I 890 2260
táso .l 485 ) 645 I 955 2o15
ii lo I 4oo .1540 t 8e5 2245
t275 1445 lóoo -1903 22AO
I 075 1225 ,l 3ó5 , I 7.1 O 'l 7óo
r.140 I 300 I 405 'W9A I óóO

t 215 t'340 1490 I óóO ) ó55
l tao 1275 ,l 490 I 655 'l 875
1290 1450 ¡ ó lo .l 805 1955
tà>o t 435 ' ¡ 5eo. I 755 'l 38o
I l;15 I 2;15 I 5ó5 -l óo5 -l 71 5

1235. l2áO .13ó5 .ló35 1575
I 030 l.l 30 I 285 .l 5l o I 530
t265 I 355 .1475 1625 I óóO

J il () l2l5 1 345 1470 l'570-
i¡os t 415 t 635 1.830 .1.705

.r315 .l5fo ló15 1825 tqlg
i ieõ t 345 ,t 465 t 7 45 .l 7ó9
I r+s I 300 I 385 150.5 ló30
ll20 1235 1270 I 405 1440
I 150 t2g5 J 335 1580 163?
i.l zo t.355 t,42o I 5ó5 lsoo

. . t352 ló30 1582-
I 200 1120 1545 I 930 2205
lt52 I 350 l5l5 I 870 1955
ro20 1225 l4lo ll40 2015
I lo5 1295 l5l o 1970 , I 890
.t215 t 370 l'52c 1825 1820
I 3ó5 I 570 'l óó5 t 940 .t gto
iioo .l 55o I ó5o te55 1735

80
80
80
ADL
ADL
ADL
80
80
BO
ADL
ADL
ADL
ADL
ÀDL
.ADL
ADL
80



206Listing of Purebred Data
Body weights (Continued)

L TNE GEN .FDLYL ID Br{e Bl{ro Blll.l BW.l2 Bt{I3 BHl4 Bl{.l5 BlTló

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

c4
c4
c4
c4
c4
c4
c4
c4u
c4a
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4

80
80
80
80
80
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80
80
80
80
ADL
ADL
80
80

B LUE20
BLU E2 é
B LU E28
BLUE4.I
B LU E44
BLU Eó7
BLUE87
BLU E88
s55t
s575
G0LD7ó
B LUE54
BLUE-9ó
G0LD99
s582
Só8.0
Só82
s57B
P INK33
P INK34
P INK44
PINK45

I O20
.t085

:140
7.to
785
885
885
695
7ro
700
.7.80
'905
710
835
805
755
890
610
Bl4
855
930
889

I 205
I 32O
a75
9óO

l 045
I 065
r,l lo
885
890
935

I O35
JJIO

970
I Oó0
,to r.o

785
il.lo
870

I OO5
lo45
t 125,
lJ30

I 440
J 470
I 230
I t80
i 305
,t 205
r 300
ilto
I 130
t.t 55
il80
t 325
It80
t 2t5
I rao
955

I 275.
r too
I t.o5
I 2lO
I 305
I 3óO

I 580
I 475
I 370
I 330
J 540
.l 3ó5
I 450
.t 230
1.290
I 335
I 355
I5tO
t 275
I 3_90
r 335
I t40,
I 405
t 2il5
I 355
I 325
.t502
t545

I 645
I 700
,1480
.t 425
t 625
1520
I 585
.1435
1415
I 380
I5.t.0
I ó80
I 49.o
1470,
1400
I 240
I 480
1465..
I 490
.1465
.rólo,
I ó40

I 670
I ó90
I 700
1625
I 875
.t7lo
I 870
J:il5
t 7il5
I ó90
I 585
I 750
r ó35
.t ó75
t565
l3e5
I ó80
I 675
t7 t5
I 775
1785
I 830

,1175
L905
I 44A
.t705
1720
t.192
1825
l.8l o
I 820
I 950
I ó90
.t 8t5
,r518
J 540
t óó5
I 500
.t 775
I 490
.t165
tit t5
.ró t5
,l;t65

2020
¡ 850
1575

, 1790
I 925
t740
.t880
201 o
I 835
t985
t 565
I ó90
I 480
I óéO
I 6ó0
t5l o
I 670
I óO5
ló55

, .16;10
.1695
I 170



LTNE GEN FDLVL ID

Listing of Purebred Data
Bodyl{eights (Continued)

Br{.¡7 BW|S Blrlg 8.W20 8}{2J B.tt22 BW23 BW24 Btl25

207

1270 1450 I 330 I 340
2485-2505 25:15 2640AI

AI
AI
AI
AI
At
AI
AI
AI
AI
AI
AI
A¡
A.l
AI
Al
AI
AI
AI
AI
AI
AI
AI
A.t
AI
A.l
AI
AI
AI
.At
A3
A3
A3
A3
A3
A3

.t

2
2
2
2
2
2
.2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
I
4
4
I

2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

80
ADL
ADL
ADL
ADL
ADL
ADL
80
80
ADL
ADL
ADL
ADL
ADL
ÂDL
ao
80
80
80
m
a0
80
80
€o
ADL
ADL
ADL
80
ao
80
80
ADL
ADL
ADL
ADL
ADL
ADL
ADL

2305
2145
2680
3040
25)O
r 9,ó5
I aoo
2250
2225
2265
I ó90
t 7:IO
2360
ló lo
t7 90

YELI 1320. 1270 1350. 1370 1430,
GREN2ó 22't5 2220- 2335 2235 2490
GREN35 2235 2lOO 2380 2330 '2245
GRENg2 27c/0 2:150 27óO 2740 2100
GREN72 2640 2660 2140 2945 2655
GREN58 2535 2-650 2820 2820 2A95
coLD4 ,25J0 2500 2680.2560 2385
BLU E2 ,1900 I 820 I 915 .l 8l 5 .l 830
BLUE25 2050 2c60 2175 2lOO 1980
só23 2240 2242 2455 2465 '2485
s626 20.10 2065 2175 2040 2250'
só28 2.145 22e5 2285 2180 22%
só40 ló40 1675 1530 l6t5 t620
s ó4 7 .1800 I 8ó5 1175 I 895 I 980.
só4r 20a5 2140 2055 2138 22tO
GOLD49 1.160 1175 l5óO 1675 1540
GOLD I 9 1920 I 8óO 18 I 5 'l 932 1840
GRENóS 2t,to 23/.5 2050 '1970 1930
GOLDó I .18.1O I 700 I ó l0 'l 7óo ló35
GOLDó2 1940 l8óo 18CI5 ,l9.lo 1770
s5óó ,2025 .l84O l-980 1835 2025
s5óB 1825 I óOO .l 120 .1595 ,l 580
GOLDó I I25 J .730 17 45 1120 I 880
GRN I OO 1845 I 8óO ,l 770 t 8ó8 1835
PINK8o 2035.2215 2470 2405 2400
PINK52 2lOO 23lO 2i70 24eO 24.10
PINK53 le8.O 2145 2280 2345 2385
GREEN4 1840 1580 ló85 1730 1730
PINK99 Jó90 l5ó5 1595 lólO 1585
GREENI ,1540 ló85.1ó85 1585 -ló55
YEL2 1625 .t^65 1105 l7-lo 1120
GREN25 2c.55 2A50 2lO5 2190 2055
GRENI 4 214U^ 2045 22e5 2340 2365
GREN.I5 2015 J820 2025 1900 le70
cRENoó .l8lo 1930 2030 2065 2035
GOLD9 2255 2270 2435 2385 244rj
GOLDI 2 1820 1885 -l 9eo 2060 2055
GOLDIó 1985 1980 2045 lge} 2165
BI-rJE5 lóOO I 585 ló30 I 730 1655
B LUE2 I .l 890 I 8ó5 l 895 2005 I 8l O

BLUE3o l.e.l5 20eo -2045 2060 t995
s62s 1950 1850 1940 l.olo 1935
só38 22C/0 2240- 22tO .2415 2340
só39 2095 2278 2120 22:lo 20f,o
s64g JA40 | 905 2020 1940 1915
só5e ln90 1955 2265 lo35 l9l5
sóóo lBó5 .1950 .l 990 2000 .1915

2
2
2
2
2
I
I
2
2
2
J

2
2
I

I

I
.t

,¡

^t

I

340
765
695
945
470
890
e45
505
245
345
ólo
o25
300
580
870
e55 1965
ó40 I 700
ó95 .1705
880 I 770
520 1480

ló40 1615
.t:165..17 45
2355 2280-
2215 2235
237A 2460
1515 I 800
.t ó50 r 700
.l ó30 | 6.90
1120 1705
2050 2135
2355 ,2i:15
.¡950 21 50
2.120 2t 45
2465 25æ
2030 2035
2155 215A
I óóO 1120
r 8óo I 7óO
I 985 .l 9,lC
r e55 2000
2360 24)O
2245 2190
2050 20óo
.1940
2045
2275
I ó30
.l ólo
.lólo
I 695
I 720

950 2610 2030
9AO .2000 2045

320 23.15

,2325 2405
2735 2,lOO
2915 2915
3085 3220
2625 2695
.t 7 60 1925
r9.80 20J 5
2570 2335
2310 2300
2750 2320
I ó20 l7.l o
1820 la90
2300.,2340
¡700.1785
t930 20,45
t940 1850
t595 ló50
I I,l O 1840
.1800 l9,lo
.t5ó5 1590
t120 I 870
t825 1900
24AO 2145
2340 2245
24AO 2455
.t ó.e5 1580
r ó70 l7,l o
ró l5 .l ó70
)645 rólo
22lO 2315
2465 2554
24)5 2445
2150 1970
2475 2500
20ço 1945
2135 2225
I 685 1765
t795 1920
2005 2.135
2200 le15
25lO 27A5
2218 2230
2055 2135

690
sf,O
405
645
950

A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

ADL
ADL
ADL
ADL
ADL
ADL
80
80
80
80
80

2085
I 8ó5
.1845
.l7lo
I 8lO
1725

2145
I 695
I 965
I ó70
1195
J ó9O

2t85
.1640
.t .7 óo
t525
J 730
¡ 7óO

2205
t8l5
I 880
.t845
I 8óO
I 740

2295
1740
)7 35
1620
I ó30
I 775

80
.80
ao
ADL

s662
GoLDó9
GOLD72
GOLD92
G0LD,93
s574

I

I

2
I

I

I

I

I

2
6
6
5
5

625 I

615 I
500 I

ó50 I

965 I

-90
óo
30
20
55

2
I

I

I

I

I760
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Listing of Purebred Data
Body.!{eights (Continued)

LINE GEN FDLVL ID BYTIT BI{I8 Bt{I-9 Bl{2O BII2,I BW22 BT{23 Al{24 BW25

A3

.43

^3A3
43.
A3
A3
A3

A3
A4
A4

A4
A4
*4
A4

A4
A4
A4
A4

A4
A1
A4

A4
A4
A4

^4A4
A4

^4A4

A4
A4

A4
L4
A4
A4
A4
A4

^4c4
c4
c4
c4
c4

c4
c4

80
80
80
80
ADL
ADL
80
80
80
80
ADL
ADL
ADL
ADL
80
ao
80
80
80
80
80

,ADL
,ADL
,ADL

ADL
ADL
ADL
ADL
80
80
80
80
ao
80
80
80
80
ao
80
ADL
ADL
ADL
80
80
80
ADL
ADL
ADL
ADL
ADI
ADL
ADL
80

l9l5
.t 800
I 800
.t570
2380.
I 980
I 770
l7 45
t7óo
.1700
2285
20,to
2640
2l:15
.t905
2t 20
t 755
I 930
2405
2315
I 880
I 945
22tO
224o,,
2075
2l 30
,t945
I 8ó5
I 620
t 6t2
I óó3
t 725
I 442
tTlo
1445
I 590
I óOO
lól o
t820
I 900
t 9ao
I 780
I 625
t7ro
I 800
1155
2300
2305
2025

,2340
21 95
2250
I e30

t:195
I 175
tTto
le5
24lO
2055
I 750
rTlo
I 790
I ó80
2295
2140
2525
2085
t ato
2340
l.9l 5
I a30
2500
2310
201 o
r 735
2345
2140
21 95
2220
2065
I 945
r 500
.146()
1490
-1690
.t390
I ó80
t.471
I 580
I ó,10
I ó40
.l ó40
t 975
2ilO
t 770
t5 l5
r 705
I 745
I 175
2355
2395
2t20
2355
2.t90
22AO
t895

J 750
.t705
1170

.1.640
2515
I e*5
I 785
l7 15
r 7.ro
I 840
22AO
2070
2600
2225
t625
2120
t 655
tTto
2115
2t 35
2000
t930

.2â45
2045
2295
2600

.2015
I 845
I 555
ró15
1520
t655
I 530
1772
t525
I ó40
lóoo

,r 735
r 730
2035
2 too
t825
I óOO
.t725
1725
.t 665
2355
2335
2060
,2305
2) 60
2280
.r 733

3
3
3
3
4
4
4
4
4
t
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
I

2
2
2
2
2
2
2

ORE N9J
GREN95
s57 r

G0LD75
GREN22
CRE N24
GREN I ó
GRENI 7
GREN3 I

YEL3
GREEN3
GREN2.I
GREN3 I
GRENó8
BLUE9
BLUE22
BLUE24
BLUE3 I

B LUE32
BLUE38
BLU E33
GoLDT-9
Só34
BLUEs I

s642
s644
Só4 5
Só55
BLU E5.I
B LU 899
BLU I OO
BLUEóO
BLU E74
BLUE9O
GOLD8.9
BLU E8ó
GOLD84
G0LD8ó
G0LD88
PINKI
P INK3
PI N K8.I
P INK5
P INKó
PINKT
YEL4
GREN4 ¡

CREN47
GREN55
GOLDI I

GOLDI 4
GOLD I 5
BLUE I I

I 900 I 840
.r 8ao t165
t.900 1720
lTro .r530
2t20 2230
.t875 .1935
J855 J 805
r 885 r 750
I óOO I 835
I t47 ,1745
2too 2055
.t985 t 925
2400 2290
200'4 2280
t.755 1750
20to 1930
I 705 I ó85
t8 r5 .lalo
2260 2230
2tao 2130
ta20 1950
I 750 I 845
2t t5 ,2189
2170 200a
20-25 2.107
2055 2120
tao5 t955
-t8()5 .r915
t720 ¡81 5
.1565 1535
r 5.80 1725
I ato 1720
t580 1490
lt40 l7t5
.t5.ro I ó20
t555 1625

.t ófo I ó20

.tóBo |'195
1765 I 835
t950 I 800
I 790 I 8óO
t430 r 750
-ló35 1480
t76U. t765
1665 lóOo.
.1691 t130
2225 2125
2too 2c/50
2000 Jalo
2165 22lO
200,0 2065
2t60 22iO
ta55 t775

1765 l7l5 .1800 t875
1720 1740 1830 t9.lo
tTlo 17,70 I 7lo 1880
t585 ló30 ló50 ló30
2555 25gJ 2585 262cJ
,t 930 2005 J 9óO 2030
1740 .1145 .t655 1730
.t730 .ló90 lltS 1795
t800 17.85 1880 1885
I 7óO 1765 I ól O I 740
2360 2325 2355 23eO
2005 2045 2.135 2150
2655 2650.29,10 3000
2250 2t55 2200 2045
.t765 l40 t72O ,1760
2too 2170 2225 2260
t9óo ,l 84() I 9óo I 855
1.845 .1875 lslO 1920
.t9e5 2t65 2t85 2230
zt.to 2180 2t25 2JA5
I J90 l.8l O I 900 I 9óO
1842 lSeO 1950 1900
2540.2590..1955 2730
2135 2170 ,l880 2ll5
2265 2225 22e5 ,2370
2350 2260.2295 2055
2060 2030 2000 2040
J 890 I 955 zA(n 2015
I 700 1530 I 5ó5 ló.1 5
.1óOO 1485 1525 1530
¡ 5lo, 1570,1410 1487
tó80 ló15 ló85 1560
I 490 ló.10 1185 l3e5
t 625 r 555 .l 580 1640
.r 500 I 400 l5l 0 I 370
1625 J555 ¡ 535 ló50
I 5óO r ó lO t525 . l5.lo
tór5 .1705 1200 t525
t700 t825 1125 1750
t980 198.5.,2045 20)5
2065 2050 2215 2t 65
tó90 17t5 ló90 ló15
1500 t425 1460 1455
,1645 t585 t72U. ló50
r 700 1130 I 820 l7e5
J 700 l7ó5 1790 l8l5
2335 .2360 24A5 ?365
2255 .2365 247ä. ?Á35
20e5 2135 2l5O 2¡O.O
2305 2365 2405 2355
2135.2160 2t55 2280
2va 234C 2350 2494
1790 1720 175' 

'905

A4

A4

A4

A4

A4

A4

c4
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Listing of Purebred Data
Body Weights (Continued)

LINE GEN FDLYL ID B}{.I7 8W,I8 B}IJg B.I{2O BI{2J BW22 BW23 BW24 BII25

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

c4

c4
c4
c4
c4
c4
c4

c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4
c4

.80
ao
.80
80
ao
ADL
ADL
ADL
ADL
ADL
80
BO
80
80
80
BO
80
80
ADL
ADL
80
80

I 765
1920
r 555
J 715
.l9to
1795
I 850
2045
I 830
I 8óO
,l ó80
I 790
J5tO
.)674
I 755
1454
,t590
t580
tl95
t:le5
t565
I 820

I a20
I 8é5
.t535
) 790
2030
I 110
2050
2075

J óI5
I 8ó5

,1955
.t855
t465
1740
I 890
I 8óO
1915
2045
I 8óO
I 825
t545
.1645
r 380

.t765
t8.to
t525

,t^740
1840
I 995
J 895
2260
I 930
lB.eo
I 4óO
t 740
J 385
I 450
I 620
I 500
I 390
lóro
I 820
1830
I óOO
t 665

I Aó5
1.870
,i580
I 800
I 850
t9t o
,t 99.O
I 920
I 870
2l 15
I 455
1590
I 370
1445
t 765
I 445
I 435
I ó05
tlBo
t800
I ó35
1840

BLUE2O I 8BO
BLUE2ó. t875
B.LUE28 .1530
BLUE4I 1135
BLUE44 Iq25
BLUEó7 I'770
BLUE8.7 2050
BLUE88 2O5O
s 55.t 1775
s575 .1760
GOLDTó t ó55
BLrrE54 t 845
BLUEgó I 525
GoLDeg .tó40
s582 tó90
só80 t445
só82 t525
s57 8 .t 670
PINK33 I8O5
PINK34 .t8 r5
P INK44 I ó85
PINK45 I7O5

1,820 t745
,t:185 .t:le5
1525 lóOO
t&5 t665
I 840 I 895
I 8óO I 9.o5
I 930 2045
2l l-5 2040
I ó45 I 785
.r 885 t850
1495 1455
.l óóo ) 565
1415.t458
1480 1420
1570 t525
l4t7 I 380
15.10 t4óo
I 690 .t 490
1765 t825
1830 ra70
1555 r5t5
lTto tó90

l.eoc)
I 920
I 5ó5
I 825
le25
,t7eo
2195
2010
I 880
1920
l5óo
I 845
l4 60
t535

.r 5 95_
r 355
I 5óO
,r 550
t870
.r870
,lót5
I 700

4
ó
3
4

I 785
t 835
r 5óo
.1155
I 540
I 625
I ó70
J 540
I 475
1585
1930
I 850

90
o5
10
85

.1640
l8-95
I 980
,l óf5
I 77A



CR0S
CROS
CROS
CR0S
CR0S
cRos
CROS
cRos
CROS
CROS
CR0S
CROS
CR0S
CR0S
CR0S
CROS
CR0S
CROS
CR0S
CR0S
CROS
CR0S
CROS
CR0S
cROs
CROS
cRos
CR0S
CR0S
CR0S
CRoS
CROS
CR0S
CROS
CR0S
CROS
CR0S
CR0S
CR0S
0UTC
()UTC
ou'tc
0UTC
0UTC
0UTC
0UTC

A3XA4
A 3XA4
A3X A4
A3XA4
A3X A4
A3XA4
A3XA4
A3XA4
A3XA4
A3XA4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A 3XC4
A3XC4
A3XC4
A3XC4
A3XC4
C4XA I

C4XA I

C4XA I

C4XA I

C4XA I

C4XA I

c4x A.t

C4X A3
C4X A3
C4 XA3
c4xA3
C4XA3
C4XA3
C4XA3
C4XA3
C4X A3
C4XA3
STXAI
STXA I

STXA.I
STXAI
STXA I

STX A3
STXA3

MOR5.l
MOR50
MORóI
MOR44
M0Ró3
GREN95
GREN94
G REN93
MOR53
MOR55
G REN5O
GREN5 I

GRENóB
GREN4ó
GRENóó
GRENó7
GREN84
GREN89
GRE N9O
GREN5O
GRENó I

MOR27
MOR I

GREN3ó
G REN4 3
M0R8
MORl4
GREN33
GREN35
MOR35
MOR38
MOR4 3
M0Ró4
MOR7 I

MORl7
MOR32
M0RóB
MOR42
MOR3e
BLUEI 2
MOR 73
MOR74
MOR75
MoR o2
t]LUE5S
B LUE53

I r5
126
il5
r00
.too
tco
80
BO
90
90

t22
r35
121
too
too
too
80
80

90
90
90

lle
too
80
BO
BO
90
90

134
r35
loo
roo
too
80

t08
too
too
loc)

BO
80
9.o
90

129
l3ó
r3ó
loo
roo
to0
80
80
80
90
90
oo

t3ó
roo
80
80
80
90
9.O

t39
t4l
t0c)
ro0
.100

BO
BO

BO
90
90

t4t
BO
80
90
90

t23
80

99
95
88
85
99
BI
62
49

.to2
84

,lo 7
r03
ll.t
80
51
98
35
5.1

34
64
49
80
99
6'1
65
4l
4A
5.t
51

100
80
ó3
1l
qt
32
36
67
78
82

t21
77
26
69
7B

.t25
64

34.
23.
22.
28.
25.
35.
31.
30.
2ç.
22.3
32.4
I 6.6
20.6
r o.5
23.9
l9.o
3t.8
22.5
26.6
22.3
t9.9
20.3
22.5
22.O
20.9
26. I

23. I
26.6
26.3
t9.5
17. I

22.4
23.2
2'7 ,9
35.7
26.5
13.2
22.2
30. ó
39.O
25.5

2ro

5t.
58.
51.
51 .
55.
ó1.
49.
54,
41.
53,
58.

.5,1 .
53.
5t.
53.
52.
54.
51.
51.
54.
57.
5J.
53.
57.
50.
59.
51.
54.
53.
52.
59.
5ó.
56.
53.
58.
53.
54.
52.
54.
55.

56.
54.
49.

6 Listing of Breeds Data
Production Variables

I
R

E
E
D

F
D
L
v
L

L
I
N
E

I
D

E
G
G

2
2

4
2

E
G
G
I

I
6
6

F
2
2

7
2

F
¡
8

ã
6

.17
3l
27
36
37

126
l28

F
c
E
I

B

z
ó

A

E
t{
I

I
¿
6

F
c
E

2
2

1
2

A

E
n
2
2

î
2

AD-L
ADL
ADL
.to0
t00
too
80
BO

90
90
ADL
ADL
ADL
too
too
lo0
80
80
80
90
90
90
ADL
.r00
BO
80
80
90
90
ADL
ADL
loo
100
too
80
80
80
90
90

80
80
90
90
ADL
80

129
2t2
t76
203
216
t80
t25
.t oó
.t óó
t37
231
233
236
l88
137
t08
79

tot
54

.t28
98

179
l5e
l4:l
il4
85

J O.t

29.
31.
29.
34.
3.9.
35.
21 .
23.
38.
35.
34.

23.
15.
27.
22.
32.
27.
21.
29.
2l .
?_2.
22.

21.
24.
25.
28.
35.
ló.
l:l ,
32.
32.
35.
35.
35.
t3.
27.
34.
39.

7
o
¡

o
o
2
o
5
7
9
4
I

I
6

53.3
6l .7
59.4
5.a. 5
57.6
ó3.8
49.4
57.0
52.3
57.3
62..1
óo.5
55.8
52.8
54.7
54.9
56.6
54.9
52.3
56.5
58. ó
53.J
56.8
60,7
52.7
ó3. O

54.1
58.:l
56.4
57.9
63,4
óo. 3
58. I
56. t

65.4
56.a
57.9
54.8
56.9
50. 3
54.8
59.-t
54.2
59.8
51.9
52.7

o
o
7
I
o
5
2
6
I
1
9
2
o
6
7
7
o
6
5
4
3
4
9
5
I

I
o
o
.t

o
¡

5
9
o
7
3
4
2
4
6
4
6
I
I
6

9
5
I

3
I
j
I

o
I
5
I
ó
o
B

2
5
5
I
2
o
3
0
ó
4
2
8
3
2
3
5
3
ó
o
I
4
7

I

I

5
5
6
o
o
2
5
3

51.
57.
51.

80

31.
31.
29.
2,1 .
3ó.
I7.

24
l6
t8
63
Bó
33
54
58
80
8t80

140ADL

123

80
oo
eo

80
80
ao
90

l04
128
t48
282
¡30
62

124
r55
218
r3080 28.2



Listing of Breeds Data
Produsbion Variables (Continued)

2lt

A
E
lT

2
2

4
2

A
E
t{
I

I
6
ó

B
R

E
E

D

L
I
N

E

I
D

F
D
L
v
L

F
I
I
ã
ó

F
2
2

7
2

E
G
G

I

I

6
6

F
c
E
,l

I
6
6

E
G
G

2
2

a
2

F
c
E

2
2

4
2

0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PIIRË
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PUR E
PIJRE

STX A4
STXA4
STXA4
STX A4
STXA4
STXA4
STXC4
STXC4
STX C4
STXC4
STXC4
STX C4
STXC4
STXC4
STXC4
STXC4
AI
AI
AI
AI
AI
AI
A,I
AI
AI
AI
AI
A.t
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

^4
^4A4
A4
A4
A4
A4

ADL
ADL
80
80
90
90
ADL
ADL
t00
t00
80
80
80
90
90
90
ADL
ADL
ADL
t00
loo
roo
80
8(.)
80
90
90
90
ADL
ADL
.roo
too
too
80
80
80
90
90
90

t38
t4l
80
80
90
90

t40
t22
loo
.too

80
ao
80
90
ao
90

.l4l
133
t32
too
to0
loo
80
80
80
90
90
90

t.r o
t08
.roo
.to0
lo.o
80
80
BO
.90
90
90

I t8
il9
122
.t oo
.too
ao
BO

t37
140
80
80
90
90

t4J
J20
t00
t0()
80
8.o
80
eo
eo
90

142
t3ó
r28
t00
t00
100
80
80

90
90
90

_.t 23
tt2
to0
roo
100
80
80
80
90
90
90
ilo
t24
to8
.too
.t00

80
80

227
233

67
65

tóo
t28
250
212
25e
230
-154

84
t08
t20
I 76.
t2t
230
tó8
t9l
r33
ló8
174
il0
7t

t02
27
89

.t50
ilo
212
t47
t58
lóo
.t04

83
87

,l 04
7

t04
ró3
230
2lo
t 2-l
.152

83
70

ltó
il3
30
3ó
89
79

125
.121
.t2l
r05

8?_

55
ól
69
8l
5t

to3
7A
84
52
8t
64
55
3ó
49
t4
35
64
81

t02
62
e0
70
53
45
55
37

1
49
53
oó
89
47
ó3
l2
l1

29. I
29,6
13. o
14.?-
37.3
27.4
3l.o
35.5

.3
FI

.8

.l

.7

.ó

.4

.6

34.8
3t.7
34.4
38.9
42,2
38.2
36.2
26.7
29.8
2l .6
34.9
20.1
21 .7
2A,6

' 23.4
t9.5
30.o
22.5
24.J
.16.2
22.O

5.7
14.3
24.7
21 .4
34.4
22.6

B LUEóO
BLU Eó4
B LUE55
BLU E5 8
BLUEóó
BLUEó8 .

BLUE27
B LUE2 8
MORSó
B LLIE 3O
MoR88
BLUE38
BLUE39
MOR89
BLUE32
BLU E33
P I NKsO
P INK52
PINK53
P INK77
P I NKó4
P INKó5
G R EEN4
P INKA9
GREEN I

PINK59
P INKóO
PINKóI
GRE N22
G REN24
GREN2O
GrìEN2l
GREN2ó
GREN I ó
GRENI 7
GREN3 I

GRENI5
GREN2 8
GRENI 9
PINKI
P INK3
P INKS I

P INK.I9
P I NK2ó
P INK5
PINKó

33. 5
33. 3
t3.3
l8.o

59.,2 55.4
ó0.o 57.6
52.1 49.6
58.7 56.O
54. 8 52.8
53.9 50. ó
58.4 54.3
53.1 5 t .5
52.3 48.8
53.8 50.9
52. | 4A.5
57.7 54.4
56.6 54.8
54.5 52.3
56.4 54.3
55.5 5l .3
58.5 53.ó
53.5 50.3
54.e 50.O
58.5 52.6
55.7 5 I ..8
53.3 49. I

52.4 50.2
53.9 50.5
54.O 50. 3
52.4 51.7
55.2 5,1 . 5
52.8 48.7
52.2 54. I

5ó. I 53.O
53.2 5.1 . O
55. r 52.6
ó3.3 60.4
53.5 50. 5
59.o 57 .2
52.6 50.8
5e.8 55.8
52.4 52.4
53. O 4 0..O
5e.7 54.9
5ó.3 54.2
57.3 54.4
óo.ó 54.3
59.2 53. e
56.7 53.7
62.1 58.7

40
3ó
2a
l8
22
28
3O
26

80

28.4
.20.1
23.7
23. I

21.8
21 .6
2l .5
t 4.2
20.5
4.:l

16.2
26.2
r5.ó
32.7
23.3
25.4
30. I

20.7
t8.2
t7.o
20.6

.1.2
t8.2
24.9
32. I

33.4
22.9
26.8
.1 1.5
I ó.3

33. 8
30.2
23.e
23.O
24.9
I ó.4
2.9

t9.I
.t8.9
30. o
31.9
18.2
24.2
5.8
8.9

ADL
ADL
ADL
,100
loo
80
BO



Listing of Breeds Data
Procluction Variables

212
(Continued)

F
c
E
2
2

7
2

F
c
E
I
8

6
6

25.
20.
t5.
22
I t.
21 .

A4 80
A4 90

^4 
90

C4 ADL
C4 ADL
c4 loo
c4 too
c4 80
c4 8C)

c4 eo
c4 90
c4 90

F
2
2

a
2

F
I
8

ã
6

EE
GO
GG
l2
82

A
E
t{
.t

I
z
6

A
E
It
2
2

7
2

6
7
I

8
2
I
7
3
5
2
2
7

54.
52.
53.
53.
47.
49.
4'1 .
52.
53.
51.

B
R
E
E
D

L
I
N
E

F
D
L
V
L

I
D

64
62

PURE
PURE
P URE
PURE
PURE
PURE
PURE
PURE
PURE
P URE
PURE
PURE

PINKT
P INK Ió
PINKIS
PINK33
PI NK34
PINK47
PI NK48
P I NK44
PI NK45
P I NK8ó
P I NK88
PI NK89

80
90
90

t25
lló
.to0
too
80
80
eo
oo
ao

80
90
90

t2a
tt4
roo
¡oo

80
80
90
qo
ec

89
164
84

229
214
t02
t67
r05
79

t25
5S

.154

43
IJ
34
92
87
33
75
42
33
5l
tó
65

ll.
29.
tó.
30.
31.
t1.

53.
N.
ó0.

56.
58.
52.
53.
5l .
55.
57.
54.

49.
52.

7 r9.l
6 29..J
I 14.ó
6 27.O
I za.O
6 12.7
I 25.6
7 t8.5
2 .14.O
7 23.6
2 .6.8
6 26.7

56.

3
6
5
2
5
I

o
o
7
o
3
2

a



213

7 Listing of Breeds Data
Physiological Variabl-es

BREED L tNE FDLVL ID MR }TTURN T0TI{AT TSR PLT4

CROS
CR0S
CROS
C R0S
CR0S
c Ros
CR0S
CROS
CR0S
CR0S
C ROS
CROS
C ROS
CR0S
c Ros
CR0S
CR(IS
CR0S
CRoS
CR('S
CROS
CROS
cRos
C ROS
CR0S
C RoS
CR0S
C RoS
CR0S
CROS
CR0S
cRos
CROS
CROS
cRos
CR0S
C ROS
CR0S
CR(}S
0UTC
0UTC
0UTC
ouTc
(!UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UIC
ot,Tc

A3XA4
A3XA4
A3XA4
A3XA4
A 3XA4
A3XÂ4
A3XA4
A3XA4
A3X A4
A3XA4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
Â3XC4
A3XC4
A3XC4
A 3XC4
A3XC4
C4XAI
C4XA I

c4xA I

C4XA I

c4x^t
C4XAI
C4XA I

C4XA3
C4XA3
c4xA3
C4XA3
C4 XA3
C4XA3
C4X A3
C4XA3
C4XA3
C4XA3
STXAI
STXA I

STXA I

STXA I

STXAI
STX A3
STX A3
STX A4
STXA4
STXA4
STXA4
STXA4
STXA4
STXC4

ADL
ADL
ADL
too
.t 00
t00
ao
BO

MOR5.l
MOR50
MORó I

MoR44
M0Ró3
GREN95
GREN94
GREN93
MOR53
MOR55
GREN5O
GREN5 I

GRENó8
GREN4 ó
GRENóó
GRENó7
GREN84
GREN89
GREN90
GREN59
GRENó I

MOR27
MOR.t
GREN3ó
GREN4 3
M0R8
MOR t4
GREN33
GREN35
MOR35
MoR38
MOR43
MORó4
MOR7.t
HORI7
MOR32
M0Ró8
MORA2
MOR3e
ELUEI 2
MOR 73
MoR74
HOR75
MOR92
BLUE59
B LUE5 3
BLUEóO
BLUEó4
BLU E55
BLUE5 8
BLUEóó
BLUEóB
BLUE27

2e6.6
301.7
317.ó
305. 9
300.8
282.4
300.4
3l 4.2
333.5
274.5
287.9
3t2.5
305.4
292.9
27 6.6
305.4
31o.0
3t 7. t

3t5. I

295.O
328. O

342.3
3t o.5
381 ,2
33ó. O

300.4
285.8
303. I
323.O
308.8
321 .1
266.q
2A1 .4
212.4
295.8
281.O
30ó.3
324.7
303.8
338. r

304.2
312.5
300. o
308.4
3t8.4
272.O
255.6
31t.3
265.3
2eo.o
28t .6
286.6
304.2

| 35.
I 46.
t25.
I Oó.
t2a.
I r 5.
t4 3.
I 40.
2to.
I 70.
127 .
I 08.
t 23.
t27.
94.

.ló7.
145.
172.
t8r.
t59.
ló.1 .
I 40.
t 30.
lo,t .
157.
t 26,
122.
eó.

128.
I 3ó.
126.
t28.
lo-t.
I 55.
157.
r 50.
I 50.
J2l.
164.
t4.t .
21 9.
I 87.
232.
t28.
157.
I óó.

5o.
54.
62.
óo.
62.

ó.1 .
:Ìo.
64.
64.

62.
62.
65.

ó3.
54.
54.
ó1.
ó3.
66.
58.
62.
53.
52.
ó1.
62.
64.

óo.8
5A.4

o.654
o.406
o.ló3
o.3t o
0.394
0.315
o.375
0.50.t
o.273
o. 332
o.391
o. 358
o.212
o,227
o. t52
o.292
o.J9l
o.3 t7
0.454
o.294
o.266
o.2BO
o.420
o.268
o.417
o.493
o.221
o.500
o.286
0. 201
o.254
o.262
4.285
o.462
0.3ó5
0.370
o.54.2
o.249
o.291
o.2i2
o.zao
o.290
0.3 9ó
o.274
0 .8.t9
o.399
0.159
o.143
0.4 38
o.289
o. t75
c .332
o.266

o.851
.o.92i
o.490
o.871
o.452
o.7lo
r .3lo
0.987
0.832
0.871
I .200
1.o45
o.77 4
o.7q4
0.7ó8
o.949
t.o58
1.o84
t.iló
o.8l 8
o.858
| .,0t 9
I .348
I .00ó
1.264
I -723t.3ót
l. t to
o.935
1.206
I .000
o. e55
| .222
o. ó71
1...ó13
1.381
1.o97
0.9 ló
o.762
o.9ló
.l.t42
I .626
o.923
o.9l 6
o. 839
I .509
.l .lól
o.7ól
t .406
I .587
0.993
o.839
o.877

2
3
9
7
9
ó
1
2
4
I
9
4
I

6
o
7
I
6
o
2
3
I

2
7
7
4
4
I

1
3
6
6
8
4
7
6
I
7
5
I

5
1
I
3
9
4
o
3
5
4
3
1
3

t23.
ll.r.
220,
202.
I t3.
.t59.
r 50.

óo.

8
1
I
6
9
I
I
I

4
7
ó
2
6
I

I

8
0
I

3
8
5
5
.o

1
9
I

I
o
I
o
2
6
3
o
2
6
6
2
6
3

90
90
ADL
ADL
ADL
.t00
.loo
JOO
80
80
BO
90
oo
90
ADL
loo
80
80
80
90
90
ADL
ADL
loo
too
lo0
80
80
80
qc
oo
ADL
80
80
90

'90
ADL
80
ADL
ADL
80
80
oo
90
ADL

5B
58
58
51
53
65
62

65

59.
óo.
ó3.
ó3.
65.
57.

ó1.
66.
óQ.
71.

3
I
I

I

4
6
l
9
4

58.
62.
68.
ó3.
62.
6q.7
64 .4



Listing of Breeds Data
Physiological Variables

BREED L INE FDLVL ID MR WTURN

214

(Continued)

T0T}YAT TSR PLT4

0UTC
0UIC
()u rc
0UTC
0UTC
ourc
0UTC
0UTC
0UTC
PIJRE
P URE
PIJRE
P IJRE

PURE
P URE
PUR E
PURE
PURE
PIJRE
PURE
PIJRE
P URE
PURE
P URE
PURE
P URE
PUR E

PURE
PUR E
PIJRE
P URE
PfJRE
P I-IRE

PURE
P URE
PURE
PIJRE
PUR E
PI'RE
PURE
PIJRE
PURE
PIJRE
P URE
PURE
P URE
PURE
PURE
PUR E
PUR E
PI'RE

STXC4
STXC4
STXC4
STXC4
STX C4
STXC4
STXC4
STXC4
STXC4
AI
AI
AI
AI
AI
AI
AI
AI
Àl
AI
AI
AI
A3
A3
Â3
A3
A3
A3
A3
A3
A3
A3
A3
A4

^4
A4

^4A4
A4
A4
A4
A4
c4
C4
c4
c4
c4
c4
c4
c4

ADL
.t oo
too
BO
80
80
90
90
90
ADL
ADL
ADL
loo
too
loo
BO
80
80
oo
90
90
ADL
ADL
100
too
loo
80
80
80
90
90
a.o
ADL
ADL
ADL
to0
too
80
80
80
oo
90
ADL
ADL
too
to0
80
80
90
.90
90

BLUE28
MOR 8ó
BLI.'E3O
MOR 88
BLUE38
BLUE39
MOR89
BLUE32
BLU E33
P I NKSO
P INK52
P I NK53
P INK77
P I NKó4
P INKó5
GREEN4
P INK9O
GREEN I

P INK59
P INKóO
PIN.KóI
GREN22
GREN24
GREN2O
GREN2.I
GREN2ó
GREN I ó
GRENI 7
GREN3 I

GRENI 5
GREN2 8
GRENI 9
P INKI
.P I MK3
PINKSI
P INK I9
P I NK2ó
P INK5

.P I NKó
P INKT
PINKIó
P INKI 8
P I NX33
P INK34
PINK47
P INK48
P INK44
P INK45
P IN K8ó
P INK88
P INK89

34a.4
320.9
298.1.
328. O

298.3
318.8
328.4
287.O
2fo.i
33ó. O ,

326.4
325.5
360.2
3l 9.7
35ó. I

343.9
3t 2.5
322.6
338.9
335. I

350.2
303.3
3t9.7
3t3.8
33ó.4
300.4
2A4.9
30e. ó
283.7
324.3
281 .2
27.1.5
340. ó
35e. O

us.4
335. I

331.4
3r3.8
321.2
322.2
341 .8
331.4
362.3
344.8
300.4
357. 3
328.e
336.4
327 .6
333. o
348.5

162..1
150.2
1 43.0
237'2
133.9
t5r.7
129.5
t45. 8
1.20.0
I 53.,ó
I 37.3
I 73.8
t55.O
96.6

20.1 .6
I 83.2
g4 ,3

148.1
t83.ó
I12.4
104. 9
J09.8
t.t 6.2
I 20.4
t.t 9. o
J O9.5
| 36.9
l2l .6
t54.O
| 39,2
t.t o.9
il 4.8
I 61.5
r ó.7. I

,l 41 .l
1.13.4
102.4
94.7

t23.5
97.O

t35. ó
I lt.3
148.2
134.7
93.8

1 23.0
I ll.8
I 03.3
t37.O
121.9
125.1

o,287
o.439
o.5ó5
o.190
o,.272
o.41,2
o.38ó
o.267
o.280
o.487
o.561
0.519
o.269
o.4&
o.272
o.302
o.668
o .590.
0.504
0.5ól
o.434
0.337
o.615
o.287
o.335
o.221
o.235
o.300
o.392
0.314
o.328
o.292
o.589
D.354
0.534
o.421
0.350
o.894
o.648
o.7 61
o.483
o.55.8
o.4 33
0.3 óó
0.371
o.321
a.561
o.535
o .444
o.380
o.6fJ2

o.877
I .0ó4
l.oeo
1.o3.9
l.u2
1.587
t .207
I .174
.t.t74
I .290
,l . lló
o..e48
.l . o78
I .471
I .200
J.355
1.755
1.322
1.432
J.t22
t.432
o.922
t.ló8

-¡ .084
1,026
o.826
I .219
|.2t3
.l .lló
l.lló
o. óoo
o.9l ó
t.220
I .574
0.839
t.503
t.iló
r .555
1.265
.l . ó78
0.884
1.o32
0. e48
0.845
t.426
,l .342
1.548
l.ó13
I .07l
I .O'l I

l.07l

A4

ó1.8
64.2
67.5
óo.8
58.4
62.2
60.4
65..1
ó3. O

60.2
60.4
59..1
61.5
65.1
61.7
63.9
62.8
62.1
ó0.2
59.6
66,5
56.5
57.1
57. O
56.8
62.3
59.5
ól.l
60.2
69.5
6f,.3
56.5
64. I

58. I

ó3.5
67.Q
65.5
63.4
63.4
64.3
67.2
67.O
64.2
.ó3.4
fl.o
61.5
66.8
65.O
7l .5
ó.1 .l
64.5c4



2t5

8 Listing of Breeds Data
Egg Shetl Variables

BREED LINE FDLVL ID SHELL SI¡ISA STHICK POR EC0N

4.2 1.37
4.O 1.37
2.9 I .39
4.3 I .38
4.4 ¡.38
4.9 I .51
3.4 1.37
4.6 1.44
4.5 I .30
4.0 I .34
4.1 ¡.33
5..l I .31
5.0 1.32
4.3 I .29
4.1 I .39
4.O 1.38
3.8 1.32
3.8 1.40
3.ó .1.38
4..2 I .38
4.1 1.29
3..3 I .33
4.5 1.39
3.9 I .37
4.2 .l . 33
4.2 I .31
4.6 | .28
4..1 I .-4 I

4.O I .33
4.3 1.3¡
4.8 I .3ó.4.2 I .20
4.8 1.26
4.a I .34
3.9 | .33
3.6 1.45
4.O 1.33
4.4 I .29
4.8 1.30
4.4 I .21
4.2 t.42
4.2 1.40
4.1 l.3l
3.6 1.40
4.O 1.34
3.9 I .38
4.4 I .32
3.9 r .33
3.3 I .33
3.9 1.3ó
3.9 t.27
4.3 1.35
4.:t I .31

CRoS
CR0S
CROS
CR(}S
CR0S
CROS
CR0S
CR(IS
CR0S
CR0S
CROS
CROS
CR0S
CRos
CR0S
CR0S
CR0S
CR0S
CR0S
CRoS
cRoS
CR0S
CR0S
CR0S
CR(}S
CROS
CR0S
CRos
CROS
CR0S
CR0S
CR0S
CRoS
CR0S
CRoS
CR0S
CR0S
CR0S
CR0S
0UTC
0UTC
0UTC
OUTC
0UTC
0UTC
0UTC
OUTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC

A3XA4
A3XA4
A3XA4
A3XA4
A3X A4
A3X A4
A3XA4
AJX A4
A3XA4
A3X A4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
A3XC4
c4xA.r
c4xÀl
c4xA.t
C4XA I

C4XA I

C4XAI
C4XA I

C4XA3
C4XA3
C4XA3
c4xA3
C4XA3
C4 XA3
C4X A3
C4 XA3
C4X A3
C4 XA3
STXAI
STXA I

STXAI
STXA I

STXAJ
STXA3
STXA3
STXA4
STXA4
STXA4
STXA4
STXA4
SÏXA4
STXC4

ADL
ÂDL
ADL
.to0
roo
too
ao
80
90
90

ADL
ADL
.to0
too
100
80
ao
8.0
00
_90

oo
ADL
loo
80
80
80
.90
ao
ADL
ADL
t00
too
too
80
80
80
90
,90
ADL
80
80
90
YJ
ADL
80
ADL
ADL
80
80
90
oo

MOR5 ¡

MOR50
r{oRó I

MOR 44
M0Ró3
GREN95
GREN94
GREN93
MOR53
MOR55
GRENsO
GREN5 I

GRENó8
GREN4 ó
GRENóó
GRENó7
G REN84
GREN89
GREN9O
GREN5 9
GRENó I

MOR27
MOR I

GREN3ó
G REN4 3
t{oR8
MORI 4
GREN33
GREN35
MoR35
MoR38
MOR43
M0Ró4
tf oR7.l
MOR.I7
MoR32
M0Ró8
MOR4 2
MOR39
BLUE I 2
MOR73
MOR 74
lloR 75
MOR.92
BLUE59
BLU E5 3
BLUEó.O
BLU Eó4
BLIIE55
BLU E58
BLU Eóó
BLIJEó8
BLIJEzT

5. 93
ó.30
5.39
ó. 05
5.9-O
ó. l8
5.23
5.95
5. 30
5. 05
5.69
5.40
5. to
4.98
5, 01
ó.00
5. ól
5. ó8
5.6e
5.9,1
5.6f
5.55
ó. ló
5. 50
5. 38
5.56
5.16
5.5ó
5.70
5.57
6.02
.5.54
5.63
5.66
5.gg
ó. l5
5.79
5.2e
5.59
ó.34
5. Ol
5. 50
5.41
5.J,1
5,39
4.8.1
5. Bl
5.66
5.26
5.32
5.26
4.84
5.39

42.3
84.3
7A.9
g5.o
8ó.3
B,l .7
8t .7
85.9
82.2
73. I

7:1.6
it5.l
73 .1
71 .l
75.8
a5.4
79.7
go. ó
82.7
86.2
8.t .3
82.4
86.9
7l .3
lg.8
.15.e
17.3
77.9
83.ó
7g .3
80.o
:19.3
80. 7
82.3
79.8
84.3
J6.2
7l .5
79,5
87. I
72.2
78.5
78.4
80 .3
16 .l
12.3
83.O
79.4
80.3
15.6
79.t
8t .7
76.2

3ó3
37ó
350
380
39ó
i52
v6
391
3ór
322
347
33ó
323
351
354
378
355
362
374
380
3óé
370
349
340
362
339
344
351
374
34 I

3ó8
u7
365
.353
348
384
354
340
366
394
329
359
343
35ó
355
321
3ó3
353
3ó3
33ó
359
375
346

ADL

ADL



Listing of Breeds Data
Egg Shell Variables (Continued)

216

EC0NBREED LINE FDLVL ID SHELL

4.12
4.73
5. óO
5,63
5.62
4.92
ó.05
ó. 07
5.48
-5.57
5.73
5, 70
ó. l5
5.80
5. Ol
5. ó3
5.80
5.97
5.1.4
5.88
.5.5 1

5.14
5.35
5.25
5.65
6.44
5. 31
5.7f
5.49
5. 84

5.09
ó. ol
6.i2
5.59
ó. l9
6.25
5.13
5.7 4
5.71
5.8ó
5.48
5. ó8
5,.86
5.84
5. ló
5. e8
5.81

SIISA STHI CK

1.32
I .33
I .28
I .26
1.27
1.44
| .32
I .38
I .38
I .45
I .31
r .41
I .41
I .34

.r .3ó
I .40
.l .35
I .4.O
I .34
I .41
r.5l
I .3-9
I .38
I .37
I .39
I .30

P0R

4.4
4.8
4.I
3.9
3.4
3.9
4.0
3.5
4.1
5.4
4.6
5. I
4,5
4.7
5.3
4.2
4.5
4.2
4.6
4.7
ê.1
5.O
5.9
4,4
4.3
3.7
5..1
4.6
4.5
4,.9

4.5
4.7
4.3
4.5
3.7
4.7
4.1
4.5
4.5
4.2
4.5
4.8
4.1
4. I

5.3
4.3
3.7
4.4
4.1
4.7

7e
85
79
8r
79
19

76.2
83.ó
8-9.ó
78.6
8ó. O

87 .3
80.3
78 .3
83.ó
84. O

16.9
8l .l
82.O
78.2
19.7
84.6
8ó.3
79.4
it8.2
79.5

0UTC
0UTC
0UTC
ouTc
0UTC
0UTC
0UTC
oLlTc
0UTC
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
P URE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PI,'RE
PURE
PURE
PURE
PURE

STXC4
STXC4
STXC4
STXC4
STXC4
STXC4
ST.XC4
STXC4
STXC4
AI
AI
AI
AI
AI
AI
AI
AI
AI
A.t
AI
AI
A3
A3
À3
A3
A3
A3
A3
A3
A3
A3
A3
A4
A4
A4

^4A4

A4
A4
A4
A4
c4
c4
c4
c4
c4
c4
c4
c4
c4

ADL
,t oo
.r oo
80
80
80
90
90
90
ADL
ADL
ADL
too
.l oo
.t o0
.80
BO

80
.90
oo
90
ADL
ADL
loo
loo
too
80
80
8D
90
90
90
ADL
ADL
ADL
roo
roo
BO
80
80
90
90
ADL
ADL
too
too
80
80
eo
90
90

BLUE2.8
MORSó
BLUE30
MOR88
BLUE38
BLU 839
MOR89
BLUE32
BLUE 33
PINKsO
PINK52
P INK53
.P INK77
P INKó4
P INKó5
GREEN4
.P I NK9-9
GREEN I
P IN K5-9
P INKóO
PINKóI
GREN 22
GREN24
GREN2O
GRE!,¡21
GREN2 ó
GREN Ió
GREN I 7
GREN3 I

GREN.I 5
GREN2 8
GRENI 9
PINK I

P TNK3
P I NK8.I
PINKI O

P INK2ó
P INK5
P INKó
PINKT
PINKIó
PINK.IS
PINK33
P INK34
P INK4 7
P TN K48

-P INK44
P INK45
P INKsó
P I NK88
P INK89

lt .9
72.8
83.ó
85..1
77.O
J2.8
85. I

85.5
82.6
79.3
83.J
g3 .3
8.9. I

82.9
Jó.3
85 ..1
83 .5
8l .5
71 .1
8ó.0
,19,8
8t .o
7.6.8
7fJ.4

321
34e
390
394
348
32t
384
385
382
354
365
373
382
364
340
396
377
380
33:l
380
355
3ól
348
355
3ó0
3qo
353
3óO
364
373

335
382
400
u6
387
396
356
356
377
377
352
374
379
367
365
378
398
351
3ó8
3ól

I .32
r .34
r .39
I .40
1.28
I ..31
I .34
| ..42
I .3t
1.20
'l .34
I .33
1.28
1.24
I .27
t.25

I
3
2
2
I
9

A4

5.26
5.62
5.43

I .35
t.29
l. 33
t.40
t .38
I .34
I .30
I .38
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Listing of Breeds Data
Body tTeights

BREED LINE FDLVL ID Blr I BWz BW3 Bl{4 8fi5 B}{ó Br{7 BH8

9

CR0S
CR0S
CROS
cRos
CR0S
CROS
cRos
CR0S
CR0S
CROS
CROS
CR0S
CROS
CR0S
CR0S
CR0S
CROS
cRos
cRos
CROS
CR0S
CR0S
CR0S
CR0S
CROS
CR0S
CROS
CROS
CROS
CR0S
CR0S
CROS
CR0S
CROS
CR0S
cROs
cRos
CR0S
CR0S
0UTC
0UTC
outc
0UTC
0UTC
ouTc
0UTC
0UÏC
OUTC
OUTC
ot,Tc
0UTC
0UTC
0UTC

A3XA4
A3 XA4
A3 XA4
A3 XA4
A3XA4
A3XA4
A3 XA4
A3 XA4
A3XA4
A3XA4
A3 XC4
A3 XC4

^3 
XC4

A3XC4
A3XC4
A3 XC4
A3XC4
A3XC4
A3XC4
A3 XC4
A3XC4
A3XC4
c4xAl
C4XA I

C4XAI
C4XA I

c4xAt
C4XA I

c4xAl
C4 XA3
C4 XA3
C4 XA3
C4XA3
C4 XA3
C4XA3
c4 xA3
C4XA3
c4xA3
C4 XA3
STXA.I
STXA I

STXA I

STXA I

STXA I

STXA3
STXA3
STXA4
STXA4
STXA4
STXA4
STXA4
STXA4
ST.XC4

ADL
ADL
ADL
JOO
too
,t oo
80
80
90
90
ADL
ADL
ADL
loo
t00
loo
80
BO
80
90
90
90
ADL
.r 00
80
80
80
90
90
ADL
ADL
roo
100
¡oo
80
80
80
90
90
ADL
80
80
90

ADL
80
ADL
ADL
80
80
90
90
ADL

MOR5 I

MoR50
MORó.I
MOR44
M0Ró3
GREN 95
GREN94
GREN93
MoR53
MOR55
GREN50
GREN5 I

GRENó8
GREN4ó
GRENóó
GRENó7
GREN84
GREN89
GREN90
GREN5-9
GRENóI
tíroq21
MOR I

GREN3ó
GREN43
M0R8
MoRl 4
OR EN 33
GREN 35
MOR35
MoR38
MOR4 3
táoq64
MOR7.l
l{oR.t7
À{oR32
M0Ró8
MOR42
MOR3 9
BLUE I 2
MOR73
HoR74
MOR75
MOR92
BLUE59
BLUE53
BLUEóO
BLUEó4
BLUE55
BLUE58
B LUE óó
BLUEó8
BLttÊ2t

97
l.to
,lo3

8ó
90

.t.25
il7
IO7

B4
ó5

J24
il7
t20
t26
.r 30
il5
il5
ilo
t,l2
132
85

too
t20
t24
94

I00
lt2
1.27
iló
.t I I

il5
tt4
80

il8

tó3
Jó5
170
.t3ó
t50
.194
¡89
tóo
t48
.120
200
t80
t8ó
205
202
188
tó_9
t65
t78
zoia_
146
Ió0
t85
t89
t50
154
t82
t95
.t 8()
t85
175
l8ó
.139
200
114
l9¡
I 90.
l8ó
t58
179
t93
r90
,199

99
205
180
225
2lo
2c0
l04
2.t4
r83
205

230
24 t.
255
206
235
,270
255
225
23t
195
275
268
250
283
270
265
240
230
249
265
.200
232.
25r
250
2r)5.
215
240
275
260
256
246.
246
220
290
235
26.1
290^
240
230
282
2:15
285
295
t58
254
269
240
232
265
285
220
220
3to

33I
34.1
3r5
274
2e5
3óO
365
3.ro
330
270
352
330
340
385
380
364
325
325
334
385
280
305
355
320
245
305
350
340
330
365
340
373
210
355
324
3:15
355
i5t
300
355
325
35ó
38ó
2to
3.90
415
395
4(n
415
4t5
385
3ó5
400

445
440
3.94
390
409
464
465
399
4i5
380
440
460
45A
495"
504
4:15
400
4o.4
446
4AO
340
371
430
4.05
3óO
3fÌ I

449
440
435
465
440
500
375
460
375
480
450
445
380
47.1
4r5
43t
476
2AO
5.t5
535
515
535
540
520
525
485
4eo

655
ó35
ó30
614
625
665
700
595
640
590
625
715
685
656
745
715
595
595
655
720
540
566
.64r']
591
570
575
670
640
6)5
7.lo
595
750
575
740
555
705
735
655
550
l6a
ó50
655
7.t o
530
700
725
715
800
165
745
730
óo0
730

48 58
48 65
4t 57
39 54
48 52
38 66
44 66
38 53
38 49
38 4l
42 70
42 64
45 7l
46 70
44 7l
46 65
43 63
40 ót
39 62
45 70
45 49
43 50
49 70
45, 12
37 5;l
40 óo
41 66
47 75
41 ó3
39 62
42 ól
49 66
39 44
4t 62
37 58
49 67
40 .. 5ó
49 ó8
41 60
34 ót
40 ót
40 62
42 65
3ó 40
46 65
34 55
54 14
50 70
42 64
45 óO
4A 74
38 60
43 70

lo7

90

lró
il4
il5
lot
il5
il4
iló
iló
6f,

)2t
r ló
t32
t2t
,t38
t35
130
t05
l3.r
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Listing of Breeds Data
aoay weijnts (continued)

BRËED LJ NE. FDLVL ID BITI B}{2 BI{3 B}{4 BH5 BI{ó BW7 B'T{8

ouTc
0UTC
ouTc -
0UTC
ouTc.
0UTC
0UTC
outc-
0UTC
PURE
PURE
PURE
PURE
P URE
PURE
PURE
PURE
PURE
P URE

PURE
PURE
PURE
PIIRE
PURE
PI.'RE
PURE
PURE
PURE
PURE
PURE
PU.R E
PURE
PUR E
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
PURE
P URE
PURE
PURE
PURE
PURE
PURE
PURE
PURE

STXC4
STXC4
STXC4
STXC4
STXC4
slxc4
ST.XC4
STXC4
ST.XC4
AI
AI
Ât
AI
AI
AI
AI
AI
AI
A.t

AI
AI
A3
A3
A3

ADL
r00
t00
80
80
80
eo

90
ADL
ADL
ADL
to0
roo
.t CIO

80
80
BO
90
90
90
ADL
ADL
lo0
too
JOO
80
80
80
90
90
90
ADL
ADL
ADL
t00
loo
80
80
80
9A
90
ADL
ADL
100
too
80
80
90
90
90

ó8-to 
,

ó3
65
70
66
ól
ól
66.
64
72
73
13
óó
ó3
65
66
69
óó
ó3
62
60
62
óo
57
óo
ól
64
ól
46
65
59
7l
67
46
67
63
ól
57
52
58
59
66
70
74
66
ó3
óo
6,1
66
55

67..j
625
625
655
705
5eo
ó30
ó50
ó80
765
ó80
óoo
705
664
óóo
780
ó35
7.lo
616
695
581
720
640
755
7ao
7lo
715
755
634
730
695
745
650
606
505
635
590
595
665
ó05
635
ó85
ó05
655
7JO
650
ó80
665
640
625
565

90

BLUE28 42
MORSó 46
BLUE3O 40
HOR88 4l
BLUE38 40
BLUE39 39
MOR89 42
BLUE32 36
BLUE33 40
P INKSO 48
PINK52 46
PINK53 46
PINK77 39
PINKó4 40
P INKó5 3ó
GREEN4 37
P INK99 39
GREENI 37
PI NK59 38
PINKóO 38
P INKóI 38
GREN22 3ó
GREN24 39
GREN20 39
GREN2 I 40
GREN2ó 42
GREN I6 .43
GREN.IT 40
GREN3I 38
GREN I 5 39
GREN28 46
GREN I9 31
PINKI 41
PI NK3 .45

PINKsI 3ó
P INK.I9 48
PINK2ó 42
PINK5 43
PINKó 43
P INKT 39
PINK I 6 35
PINK.Is 3.8
PINK33 44
PINK34 46
PINK47 46
PINK48 44
P TNK44 36
PINK45 3ó
PINKsó 36
PINK88 38
PINK89 35

J2l 182 275. 3:15 450
125 192 210 345 445
.120.17e 270 320 420
iló 180 25a 295 395
l30 .l 87 28c 345 422
uo 157 245 2e5 374
I 12 117 25.1 325 42r)
t22 I 80 280 335 430
.125 185 264 i28 425
il4 l91 285 375 514
.127 20e 296 34.1 455
l3o 205 289 35I 406
l3ó 2l.o 296 380 485
t2o I 98 2a4 3óO 437
il -9 196 2AO 339 44 3
lle l9ó 215 390 508
,124 .¡ 90 264 A54 455
.l2e 205 , 275 390 500
124 .199 292 354 488
Ir5 193 266 345 410
I l5 .l 90 264 322 381
il5 193 285 385 5.lO
I,l 7 I 85 245 325 425
I r 9 202 2e4 405 530

, r r.o l8l 255. 376 5lo
l il l 8ó 274 325 460
r2.o 191 ' 218 ,3&7 5l 5
r I 7 195 28c 40a . 545
ilo ló5 235 302 4.lo
90 165. 250 369 485
120 200 2ao 400 5.lo
il ó l 9e 280 380 505
¡ 33 205 276 365 4ót.
il 5 l.eo 255 315 38ó
:t6 I3l .l8l . .237 305

r ló .180 245 330 405
lr5 180 25c 330 400
ro5 taz 252 320 393
rol l5ó 244 322 426
s2 .150 ,215 2A6 385

r,ro ,180 260 352 435
J 07 J 70 250 332- 441
.t 04 I l5 230. 315 400
125 2,1 o 211 3ó5 454
¡3l 205 280 315 480
ll7 185 245 3ló 425
t,ló J 90 210 344 44ó
ro7 t:12 25o. 325 426
I t9 .180 255 332 434
t09 I ó9 239 301 40,1

roo lóo 245 . 30.1 375

A3
A3
A3
A3
Â3
A3
A3
A3
A4
A4
A4
A4
A4

^4

A4

A4
A4
A4

c4
c4
c4
CA
c4u
c4
c4
c4

,,I
H

!
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Listing of Breeds Data- 
Éody i¿,leights (Continued)

BREED LTNE FDLVL ID Bl{g Bll.IO BNll Bl{l2 Bl{'|3 Btll4 Br{l5 Bl{ló

CROS A3XA4
CROS A3XA4
CROS A3XA4
CROS A3XA4
CR0S A3XA4
CROS A3XA4
CROS A3XA4
CROS A3XA4
CROS A3XA4
CR0S A3XA4
CROS A3XC4
cRos A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
cRos A3XC4
CR0S A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
cRos A3XC4
CRoS C4XAI
CR0S C4XAI
CROS C4XAI
CROS C4XAI
cRos c4xAI
c RoS c4X A,l

CROS C4XAI
CR0S C4XA3
CROS C4XA3
CROS C4XA3
CROS C4XA3
CROS C4XA3
cRos c4xA3
CROS C4XA3
CROS C4XA3
cRos c4xA3
cRos c4xA3
0UTC STXÀI
oulc sTxAI
OUTC STXAI
0U1C STXAI
0UTC STXAI
0UTC STXA3
0UTC STXA3
0UTC STXA4
OUTC 5TXA4
0UTC STXA4
OUTC STXAc
0UTC STXA4
0UTC STXA4
oUTC STXC4

ADL
ADL
ADL
.100
100
to0
80
80
qo

90
ADL
ADL
ADL
.loo
t00
lo0
80
80
BO
90
90
90
ADL
100
80
80
80
90
90
ADL
ADL
.100
too
100
80
80
80
90
90
ADL
80
80
gJl

90
ADL
80
ADL
ADL
80
BO
90
90
ADL

HoR5l 875.1075 1250 1370 .1485 '1750 '17i5 'l6e0
uOnáo 84o lo25 l22o ¡38o 15'15 l8o5 2oo0 le4o
Àìi;tiãl 855 t05ó tã'to l34o l3óo 1765 tezo l82o
MOR44 8óO I135 ,1350 1475 1595 l;160 2120 lB90
uiino: B2o looó iìãs t'2s5 't35o 1155 t't45 ló85
ônENç¡ 885 t,too l23o l4oo 1575 t18o 2o!5 2o3o
ónÈñsa eo5 .t oss tázg t445 lóo5 1535 1700 1825

crirws¡ :155 890 loo5 tl25 l2-t? t285 1570 lóoo
ùi,ñ5¡- qo1 lt:á iããs l52o lTlo le5o 1835 17oo

ur¡nls 82o I 135 l23O l315 141? t12O '173? !?q?
öÈiËñso 1is to25 iã¿ó ¡+to ló19 lóeo lee5 2ooo
órieñ-i c¡o ttBó l¿oo l58o JiF J88o'2'loo 2l'lo
ctiÈHoa 885 loos t235 .1395 1515 l'73o lBó0 2o¡'o

GREN4ó 8ó5 ll45 l3óO l4ó5 1975 1815 2035 2055
õäËñá¿ eto ¡z:ó l¿io t620 l'7óo te35 2230 25oo
cRÈñ¿t e35 tlzá ¡i:z 1545 tz?o le3o ls25 tql?
GäEñil tqs çoq 

-tìto.lz¿o t::o t435 l57o l7o0
énEñaç 8 30 loóo I 235 't 465 t 620 l'73o I 8 15 t 8?9

cRENeo .845 ¡ o¿é iìas I 3Bo I óo5 t'125 t84o ' te75
onE¡¡sç 925 I lO-7 l21O l48O 167ø t72O leso !8q?
óäËñã¡ zãl çzo ióto t2B5 1440 1585 lTao le80
uiinãz 7oo 855 e5o I l50 t 3 l5 'l 540 I 7lo l?9?
uiiä r 855 qaá t t)s I 3ó5 l5e5 'l 740 1885 20¡ 5

ônË¡¡:o .z¿s çtó t lco l3ó5 l41o I 6eo -2o:' let?
cäËñ¡ã t4o qsó ìi:ó rzos l3e5 I55o 1545 ló35
MORS 135 ol5 lo5o 1255 l45O 1595 'l 44O l49O
r¡{oRt4 880 lo¿õ ii¡o 1300 1440 1570 'l 645 1790

GREN33 815 lo35 l?-20 1350 1470 t570 1675 1710

cäËñi5 7A5 e5o I Ló5 l3oo 1455 'ló7o l'740 lóeo
MoR35 eeo 1280 1445 1575 ,ló95 1995 2205 2070
l,t0R:e 7no I oo5 I 150 I 315 1295 I ó85 2l 05 1870

MOR43 .lO15 1280 1520 ló90 1800 1965 2125 "l9lo
utino+ t6o 975 ll50 l35o l3eo l7'10 le5o 2ooo

MOR.7| 9i5 tt45 '1325 l4O5 1495 2OOO '196:5 l8-7O

äi;riii -tii asl ó45 I l4o t32o 1455 t57o 1745

MoR32 e35 l.l30 t235 j355 ,1495 J585 1745 t!15
MóäãB e5ó rIãá lJ:s t42o t46o 1735 tó4o t5eo
MOR42 8.eo I loo 1295 1440 1545 ll20 1800 ló40
riõFiäõ 785 oóó ilos lzco t42o t72o 1135 l53o
gltiEl2 glo ll5o l3ó5 148? 1135 2oo5 2o'3o'2115
Mõñ7i- itoo loáó ír1a l415- 1435 t62o l5ó5 l5o0
u0Rz+ 890 llo5 1285 1405 '1450 1525 ló05 1735
urrriis e3o ttãl t280 1405 .t4óo 1855 1805 l8ó0
MOR92 730 960 ll70 1290 l39o 1735 1925 ló80
eiüÉõc Bó5 r.lõá izoó l¿lo t6?-o t825 leoo t755
siuÈs¡ e to t.t05 1275 I 375 '1585 I ó85 J 470 t 475

BfúEóõ 855 roóó.1)so t4oo 1535 2ll0 2175 ?oe5
BLUE¿¡ q6o tzzó l+oo l5lo 1675 2125 22to 2o7o
BiúEéå ç70 ¡iló r3to t4a5 .tót5 ló70 1550 lólo
eluela a45 toe5 .1315 l4.lo !ópo l77o loó5 !7q5
BLiiËó¿ 8ó5 tooo iãos tt;z l45o- lóoo 1845 'ló5o
al-ugàe .B2o lo75 l2lo I 38o t495 I ólo t57o t4eo
BLltE T çlo toss tzzs 1365 t555 tlao 1165 lqo5

d
'a;

i

I

I

r

I
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Listing of Breeds Data
Body Weights ' (Continued)

BREED LINE FDLVL ID Br{.9 B}{IO Bl{l.l .BW.t2 Bl{.13 BtrI-4 B}115 Bl{ló

0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
P URE
P URE
PURE
PUR E

P URE
PURE
PURE
PURE
PURE
PURE
PURE
P URE
PURE
P URE
PURE
PURE
PURE
PURE
PURE
PURE
P URE
PURE
PURE
P URE
PURE
P URE
PURE
P URE
PURE
PURE
PURE
PURE
P URE
PURE
P URE
PURE
PURE
PURE
PURE
P IJRE

PURE
PURE

STXC4
STXC4
STXC4
STXC4
STXC4
SlXC4
STXC4
STXC4
STXC4
AI
AI
AI
AI
AI
AI
AI
AI

^.1AI
A.t
A.l
A3
A3
A3
A3
A3
A3
A3
A3

ADL
t00
.100
80
80
80
90

90
ADL
ADL
ADL
t00

.t oo
too
80
80
80
90
9.O
90
ADL
ADL
.loo
too

_r oo
80
80
80
90
90
eo
ADL
ADL
ADL
too
loo
80
80
80
9.O

90
ADL
ADL
to0
JOO
80
80
eo
90
90

to75
aao

I 070
I O30
I lo0
.t045

e80
I O90
I 170
1265

I 2r}5
l0l o
1235

175

1720
r 570
I óOO
I 400

.t 730
t5r5
I 585
I 5óO
t525
I ó80
I 820
.t 755
I 700
2245
2200
I 990
1.925
I 915
I 970
I 855
I 645
.r750
2050
2065

.ta95
1925
t 775
2065
I 870
I 825
t1 35
I 955

I 890
2095
t725
I 5óO
I 585
I 625
t 735
t5.l o
.ló8.o
I ó40
t575
I 795
t 655
t 674
I 905
J ó90

90

BLUE2 8 8-95
MORSó 840
BLU E3 O 4.75
MOR88 825
BLUE38 9O5
BLUE3.9 855
MOR80 820
BLU E3 2 9,I O
BLUE33 97O
PINKSO I OOO

PINK52 9OO
P INK53 82.O
PINK77 895
PINKó4 885
P INKó5 88O
GREEN4 -IO35
P INK9.9 845
GREEN I 92O
PINK59 8:7O
PINKóO e95
P INKó I 7AO
GREN22 990
GREN24 845
GREN2O 965
GREN2.r lO20
GREN2ó 930
GRENró .tO¡O
cRENlf, .1020
GREN3I 7.8O
GRENI5 IOOO
GREN28 A65
GREN,I9 960
P INK I 892
P INK3 790
.PINKsI :I20
PINKI 9 855
PINK2ó 8O2
PINK5 780
PINKó 840
P INKT 8 IO
P INKI 6 A54
PINKIs 878
P INK33 8I4
.P INK34 855
PINK47 93O
P INK48 870
P I NK44 .93O
P INK45 889
P INKsó 835
P I NK88 835
P INK89 755

670
ót0
120
705
735
075
915
oto
820
ql6
795
8to

t2i5
t2l o
1235
t.t 85
1265
.t355
.1470
I 320
t245
l2 80
| 320
l3l5
.1350
t,t80
1260
t270
1295

I 2aO l4 80
I t40 1220
l3t5 1545
I 345 t420
I 345 I 500
J 3tO 1495.
1340 l4lo
.l 330 ló00
,t400 ló l5
1391 lólo
1530 l:120
r4lo lóoo
t4.lo l5e5
t455 t6t5
I 465 l5.l O

I 580 I 735
1345 .1390
l4óo I 535
I 395 1535
t 44_5 t 625
r3ó5 1525
I 490 I ó35
t3t5 l415
.t 530 1620
r 540 ll20
l4l5 t590.
t4ó5 lólo
t455 1625-
I 470 l7t0
t490 I óoo
J 4A5 t525
.t545 -1805
.t5ro ró15
.t 345 .14 65
r 300 r3B5
I 390 t470
1365 .1455
.1.235 t270
1295 .t 335
I 355 1420
l3r5 r395
.t 445 l5 lO
I 355 1490
t 325 .t465
I 503 l5ó0
1425 l4aO

t.200
I t85
I 120
I t50
il70
I.t ó5
1235

é85
575
.900
520
590
130
lSO
:t25

t35
050
125
t25
il

.lóóo
2.115
2l 80
1.940

580 lTlo
.130 t 7 65
795 I 885
870 ..r I35
765 tt55
830 l9r5

940
925
780
.740
ó90

2085
2065
.2120
t9óo
t870

t90
385
420
305
315

I 3óO
,r 3.lo
1295
t265
,t385
t3l5
I t20
I 145

It95
l2 lo
1250
t28,0
I 305
l3óo
.1205
I t32
.rt50

I

I

I

I

I

2
I

2
I

,l

I

I

I

I

I

I

I

I

I

I

¡

I

I

I

I

I

I
.l
I

.l
I
I

I

I

1190
I e55
l:t&)
2055122

.t 03
tl2

5
5
o
5

¡ o85
to_oo
975

t 220
¡ 0óo
t 225
1210
I t70
r 250
1240
I 0ó5
I t40
I O95
1205
I 105
o35
945

I OóO
990
9óO
990

l.il o
.t 030
.t 055
I OO5
t045
I tó5
t085
I l2's
r t30
I O45
tol5
975

375
I

I

I

I

I

.t

I

18457lo

A3
ü
I

950 I 820
850 2 l.lo

930 2140
825 .t950
145 1760
505 .ló30
5A5 ,1675
ó75 .¡885

J 632
I 800
I ó70
I 850
l7 65
I7t5
2060
.t8 35

ór0 1785 ló15 l6e5
ó40 .t 830 .l f 65 .177()
445 .1630 l5óo lóo5
425. .l 660 l7e5 I 81 5

8óO

175
820
725

A4

A3
A3
A4

^4
^4
A4
A4
A4
A4
A4
A4
c4
c4
c4
c4
c4
c4
c4
c4
c4

405
580
5ó5
530
740
715
175
830
870

440

t502 I

t545 r

.t 340 I

t300 I

¡3to t385 ¡ó70 lóa5 ló30

I

l
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Listing of Breeds Data
Body Vùeights (Continued)

BREED LINE FDLVL ID Br{IT.BWI8 BI/II9 BW2O.BW¿I BW22- BlW23 BW24 Bl{25

CROS A3XA4
CROS A3XA4
CROS A3XA4
CROS A3XA4
CROS A3XA4
CR0S A3X,A4
CROS A3XA4
CR0S A3XA4
CROS A3XA4
CROS A3XA4
CR0S A3XC4
cRoS A3XC4.
CR0S A3XC4
CROS A3XC4
CRoS A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
CROS A3XC4
CR0S A3XC4
CROS C4XA I

CROS C4XA I

cRos c4xA I

CROS C4XA I

cRos c4 xA,l
c Ros c4 xA.l
CROS C4XA I

CROS C4XA3
CROS C4XA3
CROS C4XA3
CROS C4XA3
CR0S C4 XA3
CROS C4XA3
CROS C4XA3
CROS C4XA3
CRoS C4XA3
CROS C4XA3
oUTC STXA I

0UTC SlXA,I
0UTC STXA I

0IJTC STXA I

OUTC STXAI
0UTC STXA3
OUTC STXA3
OUTC STXA4
Ourc STXA4
OUTC STXA4
0UTC STXA4
oUTC STXA4
OUTC STXA4
OIJ1ç STXC4

MOR5 I I 885
I{O R50 2195
MoRó I I 885
MoR44 20t5
MORó3 1 645
GREN95 I 99O
GREN94 I5:15
GREN93 I 4f5
MOR53 l:155
MOR55 1 655
GREN5O J 955
GREN5I 2025
GRENó8 2045
GREN4ó I 935
GRENóó. 2455
GRENó7 I 82O
GREN84 I14O
GRENsO I ó4O
GREN9O I ó45
GREN59 I8I5
GRENó I I 845
MOR27 .t ó85
MoR I 2lO5
GREN3ó I 9OO
GREN43 .1480
MORS 1575
MORl4 1120
GREN33 I 7O5
GREN35 .1550
MOR35 2-315

.t870 I 945
2125 2230
t780 I 875
I 790 I 850
t5e5 I 645
t920 I 845
.tó t0 I 535
.r 585 1525
,t5ó0 1590
t545 .1500
2120 2230
2lqo 2340
2too to5o
2030 I e35
24)O 2335
I 790 I 700
1640 l.ó55
t6t5 ) 675
1595 t 775
t.7e0 .r 7óO
I 780 I 645
t570 I óOO
2225 2leA.
2005 2000
t575 1520
.r570 .1530
1540 , I ó7C)
.t845 ,1170

t805 20lo
I 880 I 790
1875 I 850
r ó30 I 755
t5 l5 1790
1665 I 51 0
.t:145 lóoo

7to t155
650 I ólo
120 1540
8t0 l9e5
450 I 415
245 2440
110 2265
645 I ó00
670 1825
ó35 l5e5
625 r ó85
860 I 835

)945 ,2t15 2t85 2360
2240 2250 2425 2400
lglo 1995 2055 2040
t820 1825 1875 1800
ó50 ló40 1700 ló80
]m t9l5 ,1890 I905
550 1655 l4il5 .1500

rÀDL

ADL
ADL
too
too
loo
80
.80
9.O

90
ADL
ADL
ADL
t00
t00
loo
80
80
80
e0
90
90
ADL
t00
80
80
80
90
90
ADL
ADL
loo
too
JOO
80
80
80
90
90
ADL
80
80
90
90
ADL
80
ADL
ADL
80
80
90
90
ADL

I 580
2230
2235
2-A70
.18e5
2390
1145
1595
.t 8.1o
J óOO
I 665

1720
2270
2225
2t 35
I 800
2375
I 805
.r585
I 580
I óóO
I 790

t705
232.)
2320
2080
I 895
2 380
l7 40
1555
I 665
I ó30
I 695

2055
t585
I 700
I ó80
1755

I 625
2 3qO
2355
2t45
I 900
2430
I 820
I ó70
t775
I óBO
.1,760
I 615
J ó95
zit5
206()
t 565
r óo5
I ó70
I 910
I 625
2860
2t65
I 980
2ll0
2025
1565
1745
I ó85
r 835
I 740
2205
t 545
lSlo
I o20
t.750
2l6A
1565
2510
2530

.t ó95
lSlo
I 665
.tót5
20t5

t:too
2385
2325
2175
I o20
2365
1760

I 790
2365
2325
2210
I oo5
2560
t785
I 685

2260
2.145
I 620
r 585
I 7óO
2050
I 800
2935
2055
I 900
t 875
2l lo
I ó80
I 850
I 525
I 905
1725
2345
t545
1765
I 780
I ó15
2t75
t 415
2630
2535
I 585
I 725
1785
.¡700
2l 30

I

I

I
I
I

2335
2385
20t 0
I 845
1720
.l9lo
I ó35

2120
2350
2025
I 840
tTlo
I 895
I 7óO

505 I 460 1560 1545 lóOO 1535
7t5 1775 .1540 2000 J8ó5, 1780

885
755
840 'l 895

t890 I 825
r 850 I 950
I ó50 I ó40

174()

l

rót0 lóeo ló40
t46/J. 1555 1555
2215 2250 2240

1555 1725 1555 1640 ló15
2325 2440 2390 2635 2140

t9æ 2025
ló35 .1505
1570 1565
r 580 I 550
t825 1795

2280
2 150
I 645
t7 40
t7 60
2085
I 115
2950
2ll5
I 970
t9to
2050
I 700
I ó90
t595
.t825
I ó50
2170
r ó45
I 8lO
1875
rTto
2.150
t515
2515
2445
1540
I ó35
I 700
I ó55
.t q75

MoR38 1995 1955 2130 2090 2'130 226C
MOR4 3
M0Ró4
MORT I

MORI 7
MO R32
M0Ró8
MOR42
MOR39
BLUE I 2
MOR73
MOiì74
MOR75
MoR92
BLUE5O
BLUE53
BLUEóO
BLUE ó4
BLUE55
BLIJE5S
BLIJE óó
BLUEó8
BLIIE2T

2175
I 900
t 840
I 72C
I 760
I 530
¡ ó35

I 885
I 470
2260
2110
t 675
I 925_
t 655
t52C
r 750

I 885
I 875
I 845
t520
1720
I 665
I ó80
t555
2t 40
I ó90
I 905
1150
I 660
2080
t 465
2500
2400
1465
I 730
1545
I 520
I e30

2005
I 930
I 840
1.13()
I 700
I 530
1145
I ó90
2185
I 505
1,750
I 645
r5r5
2075
1545
2650
2345
.t ó15
¡ 920
I 700
r ó50
I 930

2035
1940
1980
t550
I óóO
t5 r5
.t820
I 540
2240
.1490
t8l5
t775
1645
212A
.t óo0
2665
2425
1720
l7 65
I óOO
.1725
2045

635 1485 ,t550
945 20f,5 20lO
500
825
ó90
855

ló l5 .l 490

t
I
I

I

I

I

I

J

I
2
2
I

I

I

I

I

r
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BREED LINE FDLVL ID

Listing of Breeds Data
BodyI^Ieights (Continued)

BW|T Bi{18 Bi{|9 BW20 BW2-l BW22 BW23 BVl24 BW25

0UTC
0UTC
0UTC
0UTC
0UTC
0UTC
OUTC
0UTC
0UTC
PURE
PURE
PURE
PURE
PU RE
PIJ RE

PURE
PIJRE
PURE
PURE
PURE
PURE
PIJ RE
PURE
PU RE
PURE
PURE
PURE
PURE
PURE
PURE
PU RE
PURE
PI' RE
PURE
PURE
PURE
PURE
PII RE
PURE
PU RE
PURE
PI.'RE
PURE
PURE
PURE
PURE
PI' RE

PURE
PU RE
PURE
PURE

STXC4
STXC4
SlXC4
STXC4
STXC4
STXC4
STXC4
STXC4
STXC4
AI
AI
AI
AI
AI
AI
AJ
AI
AI
AI
AI
AI
A3
A3
A3
A3

ADL
t00

.r 00
80
80
80
90
qo
90
ADL
ADL
ADL
.t oo
.t o0
too
BO
80
80
90
ao
90
ADL
ADL
too
too
100
BO
80
80
90
90
90
ADL
ADL
ADL
to0
I O.0

80
80
80
90
.90
ADL
ADL
too
too
80
80
¡c
90
90

BLI'E28
MORSó
BL UE 30
MOR88
BLUE3B
BLI'E3-9
MOR89
BLIJE 32
BLUE 33

.P I NKsO
PI NK52
P INK53
PINK77
P INKó4
PI NKó5
GR EEN4
PI NK99
GREENI
PI NK59
P I NKóO
P INKó.¡
GREN22
GR ËN24
GR EN 20
GR EN2 I

GREN2ó
GRENIó
GREN I 7
GR EN3 I

GRENI5
GREN 28
GR EN I9
PI NK I

PINK5
PINKó
PI NK7
PINKIó
PINKIS
PINK33
PI NK34
P I NK47
P INK48
P I NK44
P INK45
P I NK8ó
PINK88
P I NK89

ló10
I 485
I 455
1525
.t415
I 475
I ó35
,1645
t ó30
2035
2100
I 980
t140
1165
.l'140
I 840
.ló90
I 540
I 975
I 950
1195
2120
I A75
2l 15
2040
2040
r 855
,t885
I óO0
2 t-15
I s75
2220
I 950

I 665
.r5r5
.ló l5
t5ó5
r 530
I 580
.1750
t510
t7l0
2215
23J 0
2145
I 9e0
2070
I 9óO
t580
.t5ó5
tó85
2l 40.
2l 00
2040
2230
I 935
2200
I 995
r9t5
I 805
.1750
t835
.t 835
2025
2015
I 800

1565
r5t5
I 515
t5lo
r óo5
t 445
r 550
I 645
r Boo
24fO.
2370
2280
r715
t9to
¡.91o
I ó85
I 595
I 6A5
2045
I s25
I 835
2380
I 980
2135
t 9:t5
1e.20
.l 710
.1745
I 7óO
ter5
2050
I 940
I e00

A3

PINK3 1190 l8ó0
PINKSl 1430 1150
PINKIa 1725 1725
PINK2ó 1195 1730

I ó70 I 790 I 750
l5:Ì5 1425 .1550
.1645 .l 655 .1690
t580 l5l5 1595
t625 ló30 1115
t570 1520 l5a5
.1125 I 620 I 8l 5
l l40 1100 )7 lo
tó85 ló55 JBl5
2405 2400 2355
.24eO .241O 22J5
2345 2385 2370
1825 ló85 J7-85
I 840 I 9r)5 1915
1925 l9l5 1175
.t730 1730 1515
.t ó l0 I 585 .l ó50
I 585 I ó55 I ó30
.1835 1785 1730
t9r5 1930 1840
I 730 I 835 ,l .7 35
24.10 2515 2555
2055 1995 1930
20)o 2045 2lo5
J 895 I 835 .18óO
.1665 lóBO 1125
t750 1785 1740
tTlo l7l5 1730,)lq) I 7lo 1800
t900 1150 1875
2050 2025 2220
1890. lB75 leoo
1915 2035 lo80
2tto 2loo 2-065
t110 |825 ló90
.t750 lIO5 1885
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