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IN1'RODUCTlor~ 

One of the highly aiqn1f!cant medical problems of 

the day conoerns the various rela tion of dietary fats, 

including unsaturated fatty aeids to ischaemia haart 

diseases and atnerosclarosis. The medical war against 

heart attacks and strokes 1s primarily a battle against 

arteriosclerosis _ th3 build up of cholesterol and oth9r 

fatty substance-s in the walla of srt:aries. The fatty 

oubstanaes accu~lato olavly in tlls form of patches knoun 

as plsquos. Gradually, tmse plaqUes enlarge and bacoma 

ocarred in a painless but relentleo9 process that leads 

to many mortal dangers. One such dangor is the blockage 

of blood flow by large plaques, depriving the heart, 

brain and othsr organs of oxygen and otllar vital nutrienta. 

Researc~s have ahown that process of arteriosclerosis 

cannot be reversed or stopped, only slot'fSd down at beat. 

Thare is extensive ovidance that the level of 

cholesterol in th3 plaoma of most people can ba 10t1Gtred 

by appropriate dietary modification. Generall~ such 

lowering can ba achieved most practicably by partial 

replacement of the dietary sources of aaturated fats 

tdth O)urces of polyunoaturat0d fatty acids end by a 

reduction in the consumption of foods rich in cholosterol. 



Faithful and oontinued consumption. of a cholesterol 

lowering diet over a period of years can reduce the 

coronary atteqk rate 1n mtddle aged men. 

Pst e6ntrolled diets developed by the American 

fbart Assoaietion provided is maximum of 300 rag cholesterol 

daily f 3S pe.rcant of tl'le ld,looalor1es 1n the form of 

saturated fate and 10 percent Of the kilocalories .1n the 

form of polyuDsaturated fate CZukel, 1969). 

As per 1972 data on cholesterol content of foods 

published by the U.S. OopaJ:tmartt of Aqr1aulture 4S quoted 

by Seeley ~~. (1972) beef, lamb and pQrk ware restricted 

to three ounces per week and only skim milk an~ lean 

meats may be used. No mora than three egg yolks per 

weele were permitted, liver may 'be used, but only as 

a SUbstitute for eggs. Shellfish, except shrimp were 

allowed .. 

The American Heart Association fat controlled diets 

were designed to lower elevated levels of sorum cholesterol 

and other lipids in en effort to reduce tho riSk of 

heart diseases (\'lhite and Havan~1n# 1976). Significant 

and sustained reouction in serum cholesterol ana plasma 

lipids have bean demonstrated in persons adhering 

2 



to t.he diet. LOw density lipoprotein (LDL) serum 

cholesterol levels were decreased and high density 

lipoprotein (HOL) serum cholesterol levels wera 

increased (lblley at al., . 1971) • Dietary intervention 
l' ..... ---

p~uced encoUrag~ng results of young survivors of acute 
.. 

myocardial infarctions (Loren, 1975).. HoweVer Laird (1975) 

has stated that five to saven percent of the young 

children in tha Vnited States were gonetically predisposed 

to atheroseleronlB. 

~e to vast development of poul try industry" the 

rata of consumption of eggs has baen increased and the 

oholcot.e.rol content of ogg -has a bearing on the 

athsrosclerotic h3art disease in h~~an. Avi~n oggs 

contain largo D..'llou.'lts of chole.sterol located exclusively 

in too yolk. Host of th9 portion of cholesterol el(!~tf) 

03 free cholesterol, a. minor proportion is prOflent as 

cholas·teryl eater. Cholesterol whan ingested in tlla . 
form of egg yolk inoraasQs the oirculating levels of 

lipld~ 

Egq yolk lip14 differs from most other fat containing 

food stuffs in that it contains not only triglycerldes 

but also phospholipids and la~~ qaantitles of cholesterol. 

I I 
.;.:. 



Sevonteen grams of egg yo~k contains aporoxlmately 280 
~ 

milligrams of ,cholesterol. Most of the fat is in the 

form of lipoprotein. Since tits dietary ch')lesterol forms. 

one of the SOUMes whicb manipulates tha level s of lipid 

1n circulating blood. 

Tha cholesterol content of egg yolk may be affected 

by genetic and a number of environmental factors. It 

can bs lo\>rored to 35 percent by feeding a plant sterol, 

sitosterol (Claronburg s.!:. .!!_ •• 1971). However, the genetic: 

influence ~n the deposition of chol~~terol in the yolk 
• may set the limite within which environmental manipulations 

can change its level. One of the first studies to suggest 

a·genetic basis for yolk cholesterol was that of 

Edwards at ale (1960) who found dlfferenoes in yolk --
choleste~l levels between v~rious breeds and strains. 

A n~~ber of studies have established that genetics may play I 

a role· in controlling cholesterol levels in many species. 

'~lileox at al. (19~5) in serum cholesterol level in -- . 

ehiclmnsi Harris and Wilcox (1963) in yolk cholesterol 

level in chiokens, Lepore and Marks (1965) in cholesterol 

level 1n the eggs of Co~ix quail and clarkson and 

LOfland (1970) 1n plasma cholesterol in Squ1rrel monkeys. 

The present study eima to determine the genetic· 

parameters of 099. yolk cholesterOl and plasma cholesterol 

I 
( I' 



and their rela tionship with other economic tr~1t8 in 

chickens. ~,ultimate objective is to explore the 
~ 

possibilitY.'9£ development of lines of chicken with low 
~ 

egg yolk cholesterol level~ 

5 
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, 
REVIEW OF LITERATURE 

I Cholesterol: 

As early {tis 1915., Chebreul qave the name cholesterina 

to a whIte ~~ material which was isolated from qall 
, 

stones. Later on the white waxy material was given the 

nama cholesterol. 

i) Biochemistry of cholesterol. 

Rama1cr1 sman ~ ale ( 1980) has dealt wi th bioeb9mistry 1 

regulation and control of biosynthesis of cholesterol 

In detail. 

Cholesterol comes under the main classification of 

non phosphorylated lipids and belongs to the group of 

steroids. The group derived lipid is a 'catch all' 

group 1n Bloor's classification. It includes the 

hydrolysis products of simple and compound lipids and 

also various other compounds such as steroids, terpenes, 

fatty acids. alcohols, fatty aldehydes, ketones etc. 

Cholesterol 1s the steroid alcohol (StarosO :; solid).. All 

steroids may be considered aa derivatives of a fused ana 

fully saturated ring syste.m called oyclop3ntanop2r­

hydrophenanthrone or sterane. 

Chol~$terol (CholoG ~ bile) is the principal steroi 

of vertebrates and is esoeelally abundant in nervous tissues., 

6 



brain, gall stanGs an.d bile. It is an esoant!al 

conat1tuent of animal calls. Its parent hydrocarbOn 1s 

cholest.ane, C
27 

'H
4S

• In addition to en Oft group at C3 

tharo 1s a doublG bond between Cs and °6 - Che~ical1y 
it is Mace named as 3 ... hydroxY .. S, 6 - ehole.$t:ane. 

.1 
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11) Matabolism of cholesterol: 

Cholesterol is essential to lifo and is present 1n 

all ,animal cella. Brain. egg yolk, liver, meat are 

good sources of oholesterol in the diet. Each person 

gees all his cholesterol in the body })y b10svnthesis from 
(' 

ncetyl Co A f;om fatty acids, glucose and to a limitod 

extant amino acids. thrOUgh the metabolites. An averago 

non vegetarian diet provides only 0.3 q of eholesterol 

per day although ths turnover of cholesterol in tho body 

is about 1. 3 g par day. 

111) Blooynt.h9s1s of cholesterol. 

Choleaterol is 9'1nthee1sed from a1mplo precursors 

like acetate and water. It can be syntheciaed from many 

Of the intermediates from carbohydrates, protoin and fatty· 

~Qid mGt~bol!am, pyruvic acid, acetoacetic acid, a1cohol q 

leucine, alanine and octanoic acid are found to act as 

precursors for choloatarol .. 

It is also found that all these oompounds at S~~ 

stages pass through acetyl Co A as well as ~u Co A 

., (Hydroay Mathy! Olutaryl). Tissues known to synthacisB 

cholesterol efficiently in the body include liv~r. 

Intestines# adrenal cortex, skin and aorta. Tho cnzyrnno 

concerned with the synthesis of cholesterol are present 

in microsomal fraction. 

8 



Pasternak (1979) stated that tm cholesterol 

ab~orbed largely from the diet but synthesized by 

tiaa~8 such as liver end gastrointestinal tract, 1s 

matabolised 1n a variety of ways. CVen metabolism to 

coolie acid and other bila acids (whit:h are (txcreted) is 

not a fully ,de~adative pathway, in that further oxidation 
/ . 

of bile lSalds does not occur. Moreover bile acids are 

very effectively reabsorbed in the gut and ara eliminated 

only $lowly from tlls circul ation. Cholosterol ls the 

only food stuff and one of the few cell constituents, tha~ 

is not capable of comple,te oxidation to CO2 and "'20 by 

animale. Once aboorbod into the o1reuletion it oannot 

easily be eliminated, metabolism to the bile acid 'pool' 

soon becomes eaturated end \-/hat cholesterol 1s excreted 

unchanged (1n the bile) 10 largely roaboorbad 1n tb:! lower 

intestine • 

. Raqulation and control of cholesterol biosynthesis * 
Peed back control, 

Cholesterol inhdbits its awn synth~.is in liver at 

tha HMO Co A reductase onzym3 stage Md thus 1 IS involved 

in feed back control. This is affective only in the 11'18:;-_ 

Fastinq and diabetes. 

HMG Co A reductns. in liver is reduced during 
L,.{' _' tf) 

fasting, but not in· mellitus. This explains the decreased 

9 



synthesis of cholesterol 'during fasting. Its increased 
(, 

formation in diaba~$ is duB to diversion of acetyl Co A 

for cholestarogenesis. \ihen diotary cholesterol is 

inoreased 1 t 1s observed that tha ch"lesterol biosynthesis 

is reduced proportion.staly to a canaln limit but at the 

sa.."110 time 1,1: caul d not be completely suppressed. 

Spacies variations 

It is now believod that extra hapatic synthesis of 

aholesterol mainly 1n .1ntastlna, is also proceeding in 

aortain species ospecially In· man. which may .be regulated­

by other factors than cholesterol in. -diet alone. Th-:;re 

is a opecies variation rsg~rdin9 the assimilation of 

enogenous cholesterol. Oholesterol feodlng aauaas 

hyperoholesterolomia and onsot of atharo8clarotic lesions 

in rabbIt, pig. monkoy and man but not in dog, rat and oat 

which are resistant to it. In dogs and data thyroidectomy 

or thiouracil treatmant 1s necessary to produce hyper­

cholesterolemia and increasod depooition of cholesterol 

on aortic walls. 

Hypophysectomy. 

It) 

10 

, 

Cholesterol gio-synthGais 1s depressed in h~hysectomised 

animals. 



Hyper and hypothyroidism= 

In hypothyroidism, basal metabolic rate is decreased, 

the oxidative process In' the body qet; depressed and 

the In·termedlary metabolItes and diverted to\1ards 

cholesterogenea1s resulting in hypercholesterolemia. 

In hyporthyroidism. on the other hand, a1 "though the rata 
, 

of cholesterol synthesis 1s inoreased ita rate of turnover, 

1s vary much higher, resulting in a lowering of the 

chOlesterol to normal levelS. Thyroid hormones fac1l1 tate 

the synthesis as well as the ctegradatlon of cholesterol, 

the latter affect being more predominant. 

Insulini' 

Insulin increases the. overall oxidation of glucose 

and t~ peripheral. oxidation of ketonQ bodi~s an'l other 

intermediates, more acetyl Co A is drivan through oitric 

acid cycle ratlnr than the cholesterol pathway. 

Androgens and estrogens. 

Androgens increase cholesterol synthesis and in their 

absence cholasterpl level is reduced. Estrogens not only 

deo~a .. cholesterol synth3sis but p~teet pre-~onopausal 

woman from hypereholesterolem1a~ 

Polyunsaturated fatty 80i4$1 

Polyunsaturated fatty acids bring down aholesterol 

in blood by 8oterfy1ng, ~olubilising and mobilising the 

11 



cholesterol to liver. The· oxidation of cholesterol 

and conversion to bila acids in liver is thus onhanced. 

Vegetable 011s like corn oil and cotton need oil are 

very good sourcea for polyunsaturated fatty acids; while ' 

animal fat!} lika 5Uttor fat and beef fat are very poor 

sources. , 

Drugs and othor agents I 

CholoXio., atromlds. ana neomycin have.a beneficial 

affect in docraasing cholesterol leve15 in blood by 

increaaing tha faecal excretion of coprosterol and bIle 

nclds which arise from the body'o cholesterol reserves. 

Triparanol blocka th.3 blosynthot1c pathwy of cholesterol 

12 

a.t. the desmolJ't:erol stage. Nicotinic:: acid, 'Vanadium osl ts 

and othyl-p-cholorophanoxy-laobutyrato w:e also cholcsterol-

lo~mrlng substances. 

Catabolism of cholesterol and faecal excretion. 

1"he. liver itl the main site of cholesterol catabollam.·, 

It is found that 60 parcont of the total cholesterol of 

livor is converted to bile seids and excreted in bile. 

1'h9 rost (ilO%) is excreted as a oolution into bile into 

intast1ne from tlh9re a part is roabsotb3d, and another 
y 

papt is reduced by intestinal baoteria to coprosterol. 

The coprosterol, ts oxcrated 1n faeces along 't1i th bile oal.ts 



aD neutral sterols. Some of the bile salts may be 

reabsorbed but then it will depress the further catabQlism 

of cholesterol in liver and formation of more bile aCids 

by a feed back control.· 

In the- gonads, adrenal cortex, cornusluteum and 

placenta cholosterol is the precursor of biosynthesis 

of various steroid hormones. These hormones are released, 

into circulating blood and are mOdified or destroyad 1n 

13 

the liver and excreted through urine mostly with tha 

steroid ring intact. Compared to the amount of cholesterOl 

cataboliaad by liver. this amount converted to steroid 

~ hormone i~ quantitatively negligible but physiologically 

very important. 

A small quantity of ch~lesterol 1s oxidlsed ·to 

~avGn dehydrocholesterol and finally cont/ortod into 

cholecal~ifarol (V1t.03) by irradiation in the akin. 

Vit.03 finally slrcrcted in f«l:ecas mostly or through the 

skin in small amounts, ,alonq with a little cholesterol 

or bile. 

tv) Cholesterol and athsro8cleroois' 

Atherosolerosis 1s a condition associated with 

hardening of aorta and arterial walls (sclerosis) due to 

variable combinations of changes 1n the intima of arterios 



consisting of ,local acoumulat!on of lipids, complex 

oarbohydrato3, blood and blood produots, fibrous tissues 

and calolum deposit.s aJ:e. $ssoeiated with medical changes. 

Oaposition of cholBsterol eaters needs special mention. 

Atherosclerosis OCauX'S 1n diseases wi th elevated level~ 

of cholesterol and low density Itpop~oteins 1n blood as 

detailod below: 

Elevated coneentrnt!ou. of vary low density lipoprotein 

(m.ainly triqlyeerides) (Pre-beta fraction) with normal 

concentration of low density lipoprot~in (density 1.006 to 

1.0G3). 

Elevated· levels of 10v1 rlenaity lipoprotein containing 

ohiafly cholesterol (bata fraction) and normal vary l~r 

density lipoproteIn. 

Elevated level.s of both 'fiery low density lipoprotein 

and low density lipoprotein (Pre-beta and beta fractions). 

Tb$ rat"io of phospholipid to cholesterol in beta 

lipoprotein which is normally one tonds to decrease in 

atherosolerosis' as also the ratio between alpha to }:)esta 

lipoprotein decreasing from about 0.9 to 0.5. There is 

also change in muco-polyeacchoric3e pattern. 'l'here 1s an 

I .. ~ 
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increase in chondroitin ,sulphate-A a.n~ hyaluronic 

acid compared' to bapar1til1 sulphata which 1s potent 
, 

activator.Of lipoprotein lipase and also en anticoagulant. 

Recently. importance is qiven to scavenging role of high 

d~ns1ty lipoprotein in removal of deposited cholesterol 

and preventing atheroacleroa1s. 

15 

The '/sriOllS diseases in which there is increased serum 

lipids in blood are diabetes m$llitus, nepbrOtic syndrome, 

hypothroidiam and' familial hyparl!poprote!nemtas. 

Investigation of total chQleatorol, triglyeer!des and 

lipoprotein elec:tropl"loresls 1s very helpful 1n diagnostic 

biochemistry of atherosclerosis. 

Atho:rosclarosis han been sucoassfully induced 1n 

herbivorus animals like rabbit, pig and monkey by feeding 

cholesterol. However, other animals like dog, ratp and - , oat are resistant. If atherosclerosis is to be experimen~ally 

1 nduced in the latter speclea. thiouracil and other 

hypothyroid drugs arc to be fed along with cholestorol. 

Process of ageing brings about significant changes 

in blood vessel wall as th~ metabolism Of cholesterOl 

slown down as age adv~ncas. The enzymes eleetroprote1nase 

$ld elastomu.ease required for sol'Jbl11s!ng and lipolysis 

of fat are decreased with age. Again as age advances the 

,~ 



.lesticity of vessel wall decreases thereby' decreasing 

the lateral pressure and there 1s a turbulent flow of 

blo()(5 due to '~~teJ:' axial pressure. For these reasons 

ageing invitee atherosolerosis. 

In man, many factors are believed to play role 1n 

the ~ncidence of atherosclerosis. Obesity, 1a01: of 

exercise, high fat diet (oontaining saturated fat), 

emotional stress. excessive cigarette smoking, aleoholism, 

high blood pressure etc. are considered as risk factors 

that upset the pattern of serum lipid levels leading to 

the incidence of atherosclerosis in the long run. A 

strong correlation exists between coronary Mart di sease, 

hypertension hypercholesterolemia, serum free fatty acid 

levels. serum very low density lipoprotein and low density; 

lipoprotein and atherosalerosis. 

Among dietary methods, a diet low in fat and suqar 

is found helpful. Substitution of animal ·fat by vegetable 

oils in the diet \llhic:h i9 inc:reaslngly being adopted in 

recent yO8%."O to pre.ent atherosclerosis is believed to 

depend upon the beneficial Value of polyunsaturated fatty 

acido. These polyunsaturated eeids solubil1sa the 

deposited cholesterol by a process of esterification and 

mobilise the cholesterol to li~or for catabolism. 

) ~ 
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The' study aupporto~ by the National Institute of 

Health foun~ 'that the rate of progression of artorio­

cclorosiorarfeet1ng the coronary arteries was proportional 

to tm amount of lipids in the blood C.Anlerican, Dietetic 

Association, 1981). 

Cholesterol is one of tha many contributory faotors 

for the formation of atharomatous lesions. Noverthless . 
atha-roselarotie complications are more prevalent in 

hyp~rcholestGremio than 1n normocholesteremic individuals 

(soucy, 19(9). 

Tendon (1983) had shown that gall stone disease 
eJ. 

occur~ frequently in the northern India and that SO to 
weye.. 

90 percent of tho stones ~ of tlla oholestorol tYPI3 i.e. 
wc:r.,.6 

more than 70 percent of their dry \·migh t 1:0 const! tuted 

by cholesterol. The cholesterol stones were associated 

wi th bile auperoaturated ttith oholesterol and the 

occurenea tlas threo t;1mos more frequently 1n women than 

in men. Parous \~n~were affected more often than 

null~peroue women. Cholesterol monohYdrate oryntals 

fo.rmed the bulk. of eholeeterol gall stones besides the 

varying amounts of calcium carbonate, phosphato and 

pfgmant in different layers. 
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IX Egg yolk cholesterol. 

1) B1ocb3mJ.stry I 

l8 

Egg yolk has been implicated as having cholesterogenlc 

properties (Messinger!!: a1., 1950). According to Cook 

(1958) cholesterol has been definitely established as a 

proeursor of the steroid hormones. Yolk has been 

indicated as one of th& excretory path\~ys for metabolic 

cholesterol (Harris and WilCOX. 1963). 

Egg yolk cholesterol was exclusively present in the 

lOll density fraction and l!povitelilns as an integral 

part of lipoprotein struoture (Martin at al., 19631 
, --

Cook, 19(8) • 

El-f.laguid and OUiserlberry (1969) st.ated that there 

W8$ an influence of egg conesum7')tion on performance. 

blOOd cholesterol and livability. Hen day egg production 

was increased, feed effio1ency was improved and mortality 

wae reduced. Yolk cholesterol was not noticeably altered. 

Connor et a1. (1959) eho\fed that 90 percent of tb!t --
cholesterol 1n the brain Of the chicken embryo was 

.yntbesized. but the cholesterol in the remaInder of the 

body came from the yolk of the egg. suggesting the 

possibility that tm cho1estet'Ol level in th$ yolk might 

be related to embryonic development and thG hatching 

of chicks. 



Sim at al. (1980) :rtudiea tho nl3tabolia fate of --
14c-OVO cholesterol in tha egg yOlk fed rat. The rat 

groups fed ~99 yolk powdor excreted morc than 9S parcant 
, 

ingested oyo-eholasterol.. An unknown lipid factor prasont , 

1n egg yolk accolerated choleatorol turnout .rate and 

excrotion via faeces. 

11) Mean values of 099 yolk cholesterol. 

Achard at a1. (1934) found 17. S mq/q in chiolesn eqgs# ' ....... ...,.... 
and 26.5 mg/g in tba duck ogq. Harris and Wiloox (1963), 

Miller and ~nton (1962), Fisher and Levoille (1957) have 

reported 22 to 26 mg, 15.5 to 17.5 mg and 17 to 22.5 mg 

cholesterol per gram of yolk respeotively. 

.19 

Much higher levels of 29. 21. 20 and 27 and 21 to 24 

mq/q. yolk have been reported by CombilS and lblbacka (1960), 

Daqhir at al. (1960), Chand at ale (1972) and Chand and ............... ........... ___ 
Sapra (1973) respectively. 

Miller and DantoD (1962), Chung at ale (1965)# 
~cl. f;isl-.e Y - - • 

\'t01S6 g!a. (1997) qnd Lall and Slinger: (1973) reported I' 

valUG8 from 11.5 to 15.5 mq/q for tibita Leghorn eggs. 

Rsngaahar 2l:.!!.. (1970) studied tha cholestorol content 

of six bre3ds of chickens and rapor~d valu.es 'from 1.0.1 to 
• 

15.0 mg/g. yolk Qnd ha baG also reported much lO\ler level 

of 6.5 rug cholesterol/g. yolk for Indian duckS. 



Lepore and Marks (1965) reported an average oontent 

of 72.7 mg cholesterol per gr&~ of fat or 26.0 mg/q. yolk. 

aortov .2.!i!!!.. (1911) reported a range of egg yolk 

cholesterol of 11 to 15.tng per gram yolle. Turk and 

Barnett (197,1) reporte.d a range in yolk chols$t.erol values 

of 11 to 20 mq/g. yolk. 

'l'urlt end Barnett ( 1911) reported S.4 mg of c:holesterc:;'l 

. per gram of egg. $eeley ' ~.!!_. (1972), In a compIlation ' 

of the ch)lantorol content of foods, gave a leval of 

14.8 mg/g. yolk. 

Cunningham ~.!!.. (1973) measured the eqq yolk 

cholesterol level in a c:losgd population of Wh:t te Leghorns._ 

Egg yolk cholesterol leval ranged from 921.4 mg%to 

1155.6 mg%~dth population average being 1267.8 mg%. 

Washburn and Nix (1914a) stated that the genetic 

stocks na'tlsly tho Athens Randombred population (ARB) 

and the Athen3 Can a:Usn Randombred pOpulation (AC) 

differed in the mean yolk cholesterol content and also 

20 

blood chOlesterol. The mean yolk cholesterol content, fo~ 

tl'W! AC (meat stra.tn) popUlation was 22.9 mg (range 19-27 mg) 

oholesterol per gram of yolk with a standard deviation -
of 2.9 mg. 'l'ba mean yolk cholesterol content for the ARB 

(orosses of meat and egg strain) population wae 19.2 mg 



cholesterol per gram of yolk with a standard deviation 

of 1.2 mg. A ~de distribution in AC population indicated 

that genetic s~l.eet1on to change yolk,~holesterol was 

possible. " 

Tomita !S~. (1975) aleo studied the cholesterol 

content of seven bre~ds of chickens and found 10.6 to 

15.7 mg per grmn of yolk and b9 also reported at lower 

cholentarol content of 11.3 mg/g in eggs from Osaka ducl<a., 

llotanb3rg and Christensen (1976) found a mean of 

13.9 mg cholesterol/g. egq yolk. Godfrey at a1. (1976) 

found' 10.9 mg/q. yolk in eggs from Webster Red strain 

21 

hens. Kndehodkar at al. (1976) found 16.4 rag cholesterol/g. --
yolk in l1hite Leghorn eggs. 

Deaker ~ al. (1977) estimated tho analysis of chicken 

4199 yolk oholestorol as 1S.64· mg cholesterol/g l'let yolk. 

Cunninqbam (1917) stated the eholaste.r:ol values of 

Araueana eggs ranged from a 1094 mq. cholesteroV100 q. 

yolk to 1684 mg/lOQ g.yolk with a mean of 1315 mg~s and 

also found 1163 and 125S mg~ for White Leghorns and 

plymouth Rock respectively. 

Some. E!lt ( 1977) /I Cunningham (1977) end 'Peterson 

!!S.!l. (1978) reported 21. 13.2 and 12 to 16 mg/q.yolk 



respectively for Arauoana eggs, levels not significantly 

difforont frtmt u-hite eggs from White Leghorns and brown 

oggs ~rom Plymouth Rock hans. 
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Bair and Marion (1978) found a much lower concentration 

16.0 mg/q.yolk and a mean value 9f 4Se mg per 099' i.n 

tur~eysl and her also reported an average of 14.3 mq 
t' 

cholesterol _P$r gram of yolk 1n chickens. Chand!i$ &. 

(1978) reported that tln yolk cholesterol concentration 

(mq/g.yOlk) ranging from 19.93.± 0.47 mg to 31.74.± 10 39 mg. 

'l'he yoll( cholesterol content waD not significantly 

different among the pure bred birds, the ma~s being 

34.14.j: 5.0S mg per gram,. 3341166!. 5.~92 mq/q end 

34.69 .1 4.97 mg/g for Rhode Island Red, White Leghoma 

and Auutralorp raopect1vely.. The Australorp x Rhoda 

Island Red cross brad birds sho~md a signifioantly lOller 

level of yolk cholosterol contont t11 th Q tnasn Of 

28.35 j; 4.14 mg/g (Anglin and Briles, 1980). 

B.f. tman and f100d (1980) reported that doveeg,}s had 

a relatively high cholesterol concentration of 2205 mg/g. 

yolk. HOllands ~!1. (1980) found th3 mean yolk cholesterol 

" lovel Cmg%) as 1381 ..± 12# 1219 ± 9, 1313 j; mg% for the 

unselec:tad, 1011 elld high line birds. Bltman nnd Wood (1980) 

found duck oggs, from Mallard tltJd Black ouaks C(lf1t:aJ.nsd 

.2 J_ J Bl1d 35.0 mg tlholosterol/g. yolk. 

.. _. 



23 

Chana (1980) indicated the different avian spoo1es, 

in the increasing order of egg yolk cholesterol concentration 

(mgjg.yolk) were, White Leghorn chicken (20.61 mg) 

Japanese quail (21.79 mg) '.IUrkey (22.84 mg)_ duck 

(26.23 mg) and pigeon (34.29 mg). The differences in 
~ 

oonoentration of egg yolk' cholesterol of chicken, qua!l 

and turkey ~~re .not significant and GO was tM case' of 

duck and turl,ey. Pigeon egg yolk cholesterol, was 

significantly higher than that Qf all other spocies studied. 

Sair and Marion (1978) found a much lowor concentration 

(16.2 mq/g) 1n eggs from three bra~ds of du(:l(s (Mallard, 

Muscovy 8tld Pekin-Rouen) and reported· 22.0 [Q.'d/q.yoli< as 

cholesterol C'!oncantrat1on for tha dove. 

The cholesterol concentration (mg/q.wet yolk) recorded. 

as 23.9 ~ 1.24 mq in fertile eggs was slightly but not 

Significantly, higher than that recorded in infertilo 

eggs as 20.9 ± O.SO mg (Chand. 1979). 

Total ogg yolk cholesterol, 

'l'Urk and Barntltt (1971) found 679 mg t>Sr turkey egg. 

Beaker ~!l.. (1977) estinta~d total yolk cholesterol as 

225.73 ± 0.66 mg in chickens. rh9 yolk cholasterol content, 

was lower (312.27 mq per yolk) in Australorp with a range 

of 23~.al ± 14.25 to 512.36 ± 27.99 mg (Chand e~ ~., 1978). 



Sitman and wood (1980) reported that the domestic: turkey 

" bad a total eholest.erol of GiSl mg. 

ii1) Genetio baais Of 899 yolk oholesterol, 

GaUjoux and Krijanowski (1932) end AChard at al. --
( 1934) indicated that the duck' s egg was markedly richer 

1n yolle ch~l&sterol than the hen's e9g. 

Aeaordi,ng to Chavous ~ al. (1965), Collins ~ .!!. 
(1966) and' Chand !oS~. (1912) significant breed differences 

existed with raspect to yolk cholaa~rol. 

liic::kl'nan (1974) sta.ted that. eggs produoed by Araucana 

han!! were lower 1n cholest.erol content. than Other eggs. 

Gisael ,!!i!l- (1976) report.c,\d wit.hin breed and between 

breed variations in choleseerol content of eggs. ~"lthin 

breed variation was higher than that bet\feafl breeds. 

Seven l.nore:d linee of chickens shOTtmd differences in 

yolk cholesterol (Bair snd Marion, 1979)., 

Sur and f.1arion (1979) studied the yol r-c cholesterol 

in eggs from various avian species and species listed in 

increasing c::oncantrat!ons of cholesterol per gram of yoJ.lt 

warG guinea £0\'11,. ohickon .... pb~asant .... quail, turkeys, CillCk, 

goose and dove with an overall range of 12.77 to 21.99 mg 

of cholesterol per gram o£ yolk and he also found signif1c'ant 



CS1 ffenncea in cholesterol concentrations bat-ween domesti;c 

and wild genetic groups of turkeys and ducks. 

iv) Heritability of egg yolk cholesterol. 

\ SCheinberg at al. (1953) found large difference 
, ti> 

between the percent of the sire component ~ total variance 

of wet yolk weight (0.34%) anJ the dam compon<!!nt (6.14'~). 

Yao and Sklnne;r (1.959) had reported the heritability 

through .sire component- as O. laa and througb dam component 

as 0.333 while Jaffee (1964) estimated 0,428 and 0.435 

t'hrouqh sire and dam compc:mGnt respectively. 

Harris and \'11100"" (19(3), ueing the mean of two 

consequetively laia eggs per hen for analysis found that 

yolk cholQ$terol expressed, as mg.gholeaterol/gilll 1IIet yolk 

differed between dam families within sires in a random 

bred White Leqhorn strain. 

'l\1r'k. and Barnott ( 1971) reported that ogg prod\tetion 

strains have lower cholesterol valueG than broiler strains. 

Cunningham ~t;.!l. ( 1974) ana1ysed 'the mean of t~ 

threo eqgs pel;' bon os mg. percent of yolk cholesterol in a 

.'1hite Leghorn population. One generation of bidirectional 

selection waD initiated. The intra-aire dauqhter dam 

regression provided a heritability of 0.24. 

25 
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Washburn and Nix (1974a) stucl1ed tb.::! har! tab!l! ties 

of two random bred population (Crossos of meat type and 
• 

egg production - ARB population and ~at stock AC population) 
.' 

viz., ARB and AC population by half sib p~ocedure as 0.23 

and 0.36 respectively. 

Ali at ale (1974) reported that the hart tab!11ty of --
egg yolk cholesterol wa.s 0.24 in a closed population of 

Wh1 te Leghorns. Becker at al. (1975) in n random bred --
~~te Leghorns estimated the heritabilities of mg. cholesterol 

. 
and total cholesterol as 0.14 and 0.31 respectively. 

Beoker et al.. (1977') ·estimated the heritrlbility of --
mq.cholasterol/g. dry yolk was 0.15. Hb also su9gested 

that too rag.cholesterol in total yoll( ~Uld be reduced 
-=" 

to be maanin~ful to the e01sumer because tha whole egg -
tfas eaten. 

Sacker at ale (1977) re")orted the h~ritabil1ty of total --
yoll( cholesterol 8S 0.27 :.t 0.07. The heritability of 

mg.cholesterol in t.otal yolk was larger than the heritability 

of mq.cholesterol/g. dry yolk probably reflecting the 

higher h3ritability of yolk wa1ght which ~as component of 

mg.cholast;erol in total yolk. 



v) Correla tion,. of eqq yolk cholesterol With egg production 
traits I 

a) Aqe and egg yoll~ cholosterol t 

Signif10antly highar values for yol~ cholesterol we~ 

obs'3rved whon tho birds ware in moult (March and Bailey. 

19591 Reo ~ !l.., 1964). 

PalafOlf C 19(8) studied the effects of age, energy 

sourao and conc'~ntrdtlon on yoll': lipids and cholesterol 
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in Nh1tQ Loghorns. Yol':t lipids an1 eholootorol conq"lntt'ation 

of 30 to 50 we'll{ old pallats \-Tere not sitJ0lflcantly different. 

Turlt fk'ld Barnat't (1971) found thilt cholesterol 

coneen trati on' in the egg was not affected b¥ the h2n's age. 

Chand 2t!!. (1978) repo~d that the yolk lipids did not , 

change ;slg::'lifienntly upto 12 months of age in Australorp. 

The egg, yolk, ehell weight as well as yolk chole!11't<frol 

oontent did not lncrea(!e, Significantly durinq the first 

five months of prOduotion (Chand ~ .2l .• 1979). 

Yolk choleaterol tended to decrease as age of hen 

in:::reaeed (Bi9.ir and l-iari()o" 19713).. Egg, albumen. yo11: and 

Gmtll weight, yolk lipid and yolk cholesterol content:;,; vera' 

recorded fro:n hens of AustralQr from 6 to 19 months ·of age. 

Highly significant effect due to advancing aga "ms recorded, 

for all the troJ.ts studied (Chand et a1.# 1978). 
- - -......-.-



Bair et a1. (1980) indioated that cholesterol --
concentration in ohicken egg yolle decreased s1qnf.f.t.aantly 

, 

from an average of 18.9 to 15.8 mg per .gram of yolk from 

the f1rst.to fifty eggs after the onset Of production. 

b) Yolk cholesterol and egg productiOn, 

A negative correlation between egg production and 

yol k cholesterol level wan found I no aosoeiat!oQ was found 

bat-waen yolk cholesterol and egg size (Cunningham ~ ~l"., 

1973). 

Ali at al. (1974·) stated that there t'las a negative - ... _ 
relationship bet~en egg production and th~ a~ount of yolk 

cholesterol. \iashburn and Nix (1974) stated that a 

significant negative phenotypio corrolat!on was found 

betweon yolk eh~lesterol an~ egg production, 

Washburn and Marks (1977) sho't1Od tha.t there \faa a 
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direct relationship between clutch length and yollt cholest.erol 

concentration. The mg.cholesterol/g.yolk was 1;7.2. 17.3, 

16.0 and 15.5 for tha clutch a1z~ of three, four, five and 

8i~ eggs respectively. Seleotion for increased dlutcQ 

length decreased the cholesterol conoent.ration in egg yolk. 

c) Yolk cholesterol and egg ~te1qht I 

Cunningham gS.!!!.. C 1974) rGpOrtad that the egg W'Oiryht 

and yolk cholesterol was not correlated .. 
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Because of the great variation in egg and body size. 

total Cholg~.terol per egg varied from 43 mq in Japanese 

quail to 845 mq in the gJ:eat black-backed qu11. \ihen total 

cholesterol was plotted against 09'g weight. the plot 

indicated that cholesterol was a relatively constant 

proportion of '.he egg, irrespective of species (Sitman 

and Wood. 1990) • 

d) Yolk cholesterol and yolk weight: 

Harris and tUlcox (196~) estimated that the pMnotyp1c 

correlation between cholesterol and yol'~ ,,,.ight was negative 
, 

(-0.09 to -0.17). Nieholas at al. (1963) indicated a -- . 

negative correlation between yolk weight (q) and yolk 

cholesterol ooncentration (mq/g.yolk) and be'b."een ;roUt 

size and cholesterol concentration. 

E'Orflythe (1963.) pointed out that the proportion of 

the yolk tends to be higher in smaller egqa than in larger 

ones. Chand et a1. (1972) reported that the oorrelation --
w~ not high between yol~ WQ~ght and yolk cholosterol 1n 

l1h1te LcqhOrn birds. 

'lbi!J total chOlesterol concentration of egg yolk and 

oholaaterol concentration. in the lipid (mg. per gram of 

lipid) were not significant and this was due to 'too significant 

differences in the percent yolk weight end lipid 
G..'"f\c). So...f"'~/ 

ooncentration (Chand __ al •• 1973). --



The genetic correlation between mg.oholesterol and 

yoll< tfeight ~lere negative indicating that selection for 

low ch;)lester.Ol might inorease yolk weight (Becker at al., --' 
1975). 

Becker m:.!!.. (1971) reported that the genetic 

correlation between mg.cholssterol/g.dry yolk and each 
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of the three yolk weight traits varied from 0.29 to 0.35 

with the environmental correlation of 0.07 ~nd phenotypic 

correlation of O.OS. A genetio change In mg.cholesterol/g. 

dry yolk would .result 1n a corresponding tl0sltivo change 

1n yolk and moistu.re weight. An environmental shift in 

mg.chpleaterol/gidry yolk would probably result in little 

change 1n yolk and molatu~e weights. 

The correlation coaffioi9nt values bat~~n egq and 

yol~ weight were highly signifioant and positive, llhich 

refleeted that larger eggs ha'l havler yolks both in terms I 

of absolute weiqht ~d relative values. The oorrelation 

coeffie1~nt values of eggs weiqht and yolk ttJ'eight; yolk 

weight and cholesterol concentration Cmg/q •. yolk), a."ld 

between yolk WO'ight and choleeterol content Wl:"e 0.93" 

-0.37, 1.0 respeotively (Chand ~ 81., 1978) • 

• ) mg.choleaterol/g. yolk with total yolle oholesterol; 

Booker ~.!!.. (1977) reported that a high genetic 



correlation of 0.71 to 0.74 between mg. cholesterol/g. 

dry yolk and cholesterol in total yol1(. 

vi) Egg yolk ,cholesterol and blood cholesterol: 
.-

l-bma~ studies have indicated minimal or even no 

changes in serum cholesterol at different levels of eggs 

in tho diet (Mayer !.i ~ .• # 1954, Keys ~ !l.,. 1956; 

Slater ~ 2.\1...,' 1976 and Porte,r ~ a1., 1977) .• 

Marion et ale (1960) reported a significant (.0.29) --
inverse phenotypiC relationship between serum chole3terol 

and yolk cholesterol. 

Thare was influence of· feGding on yolk cholesterol 

as well .. serum cholesterol lavel which was suggestive 

of a relationship between yolk and serum oholesterol level 

(Harris and tdlcox, 1963)" 

Due to close :relationship betwa~n heart dlseaIJea andi 

cholesterol and lipid inta~e in gane~al (A~rican Ha~ 

AS3ociation. 1968) a o~~prehensiva study of cholesterol 

of e~;1'Js snd plasma chQlesterol of hens was made and 

reported that a $pecif1c weight of egg yolk lipid caused 

a hiqher and mora rapid increase in serum oholesterol level 

than did the same weiqht of anY other dietary fat ('-lell I 

and Bron.te-St~!n/art, 1963) • 
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The concentration of cholesterol in yolk and plasma 
~Y,J S ..... P~I 

ohowed a reverse relatlonoh1p (Chand ~ ~.# 1913). 
r 

_, ,. 
The phenotypic and genetic correlations for yolk 

cholesterol and blood cholesterol for the PC (maat strain) 

population wara 0.14 and 0.03 and for ARB (crosses of 

mast and egg strain) population were 0.0 and 0.59 

reapectivaly (Washbu,rn and Nix,. 1914). 

The phanotypio correlations bet'WOen yol1~ and plasma 

cholesterol \fere smsll (0.04, 'OG04 and q().oa for unselacted, 

lOt1 and high 11nes resp,~OtiVQly) ea reported by Hollands 

et ale ( 1980) • --
S1m at al. ( 1980) studied the· effect; of dietary egg --

yolk on serum cholesterol levels of White !eghorn coc"'..rels 

and found that high dietary levels of crystalline 

chOlesterol had a greater influence On raising the serum 

cholesterol concentration than an equal amount of dietary 

cholesterol fed in. tha yolk form. No significant effect 

t18S observed at the dietary cholesterol level less than. 

0.2 percent. irrespective of cholesterol source. The 

corrolat1on coeffioients batwaan dietary and serum 

cholesterol levels ~1are 0.91 and 0.77 for the crystalline 

and egg yolk powdor oholesterol source respectively. 

I, ' 
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vii) Influence of drugo and diet on egg yolk cholesterol. 

lOJrnie stt; Cll;. (1958) did not observe appreciable 

oh~nges 1n cholesterol content of the yolk of the eggs 

from hans fed one percent cholesterol in the diet. 

Further eggs from hens maintained for four and half years 

on tha diet supplemented with fivo percent dried egg yolk 

did not show altered yolk cholestorol concentration whan 

aam?lea £0110\1109 the dietary regime. 
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Leveille and Pisher (1959) and Combs and Hslbacka (1960) 

demonstrated that diets contalninq 10 percant corn 011 

increased yol~ cholesterol whereas 10 percent animal fat 

did not effect yolk cholesterol levol. 

\iood 5 (\1..- (1961) hava shown a marked elevation 1n 

yolk eholeotorol with the addition of one pereent cholesterol 

to tm diet and noted that th" presenco of 10 percent corn 

011 enhanced tha inorease. 

In contrast to body depot I1pids# egg lipids changed" 

rapidly in response to changes in dietary fat (Hilditch 

and William. 19641 Bltman, 1976). 

Bartov at a1. (1911) stud1ad effects of diffor~nt ---- ....... 
vogetablo 011s on yolk cholesterol lovalol supplementing 

1 aying diet with 20 P=Jrc:ent sai!fl~r oil OJ.';" coconut oil 

produc:o 0. signIficant inereaso in yolk aholesterol_ 



Dietary lipids in the unsaturated form potontiated 

the absorption 'of free oholesterol (Sim and 9.l'agg# 1977). 
/ 

Hood .!!i.!!.. ( 1978) found the effeot of c:11etary 

monoterpenses on the cholesterol level of egg's. Feeding 

five monoterpen •• phorone or 200 mg cholesterol per day 

to hans did not significantly changed the lavel of 

cholesterol in the egg yolk. 
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Diazocholestorol significnntly deoreased concentration 

of cJ~lesterol in YOlk and increased ee~erol. 

D1QZochOlest.erol- With s,..sitostGrol decreased cholesterol 

cmd 1ncraased desmosterol and total 8.terols 1n yolk 

(Dam at al.# 1919). --
Sharma !S!1. (1979) found that tha compounds like 

garlic sarpagsndha and nicotinic acid reduced egg cholosterol , 
concentrations significantly irrespective of tho dos.· 

a.dded, in "lhtte Leghot'nS. After Wit:Mrawal the cholesterql 

oontent of eggs from birds give~ nicotinic acid and garlic 

powder tended to increase. 

NO difference was exbibitet! in egg' yol1c cholestal!'ol 

among' any of the groups of CotUrnilr quail which wrus given 

var~ou$ fibre sOU%'Oes lil(e alfsl!a_ wmatbran, dried 

brewer:' e grain, oell ula.a and pacUn (Sutton !!3: !l!.. ~ 1990) • 



SUtton. at ~l. (1990) indicated 1n Coturn1x quail --
that quantity of chola storol doposited in the agog on which 

, , 

fibra intake. .,riergy concsu.mad or eqg production had very 
, 

little effeot and that tho.re was an inverse relationship 

botweeo $9rtnn nnd tissue cholesterol levels and total 

quantity Of cholesterol excretBd via tha egg. 

There was no significant difference of treatments of 

the effect of die'tary alfalfa of varying s4ponin content in 

yoll( ehols.sterol ,level. hon day 099 production and Haugh 

units (Nakaua S! al., 19a~). 
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Egg quality and yolk cholesterol ware· not significantly 

affected by energy level of tha diet (campos and Ferreira, 

1991). 

Environmental factors with yolk cholesterol, 

'l'M oholesterol conte-at of egg yolk might. be affected 

by a nJ.anbor of envlrort."llental fneters (Clarenburq et a1., 

1971). Moudgal (1978) indicated that housing sy~tems ~1d 

not have a significant effect on Qholestorol content but 

inorease in dietclry protein lavel from 11 to 2S percent 

resulted in lowering the cholesterol content eignif1cantly 

in \ih1ta Pekin Ducks. 



viii) Yolk cholesterol ana atherot5claro$1 •• 

Chicken ilaS one of tho most sensitivo animal modals 

for cholesterol metabolism and experimental atherosclerosis 

studies (Katz and Stamler,' 1953, Linsey ~ at al.. 1955) .. -­.' 

Diets high 1n oholestarol and fat have produoed a 

form of atheroscleroSis 1n ma~y species (Clarksonj 1971, 

NeGill. 19791 Vossel.!nov1':.c~ 1979). Shih (1979) found 

the atherogeniC! ty effect of US? and purified eholesterol 

in Japanese ~ail. 

1x) Select:tonfob yolk oholcsterol t 

Ali !S!!.. (191a) .rapQrtod that a closed population 

of mute Loghoros t-ros divided into ilow' ~nd 'high' GOO 

yolk c:hol\"'sterol subliner,le one generation of bidirectional 

selection for low and high egg yolk cOOl·estero! resulted 

in 71.45 mg% difference between eUblinos. 

·Two hundred and ninty esvan mg of egg yolk cb;)leeterol 

s(!paratGd the 'low' and 'high' subl1ne breeders in 

gcnoration 1:\10. ~ low slJ,bline has averaged 93.5 .t 4.6 Ogg8 

per breeder during the last five months of laying year 

while the high subline has averaged 74.9 ~ 6.4 eggs during 

the sarno period (Ali !!!: al.. 197f, • 

Marks ana \'1ashburn (1917) t'e?orted that they were not 

able to decrease yolk cholesterol but were ablo to inorease 

it by direct selection. 
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III Blood choleste%'Ol. 

The action of dominant gene has bean suqgasted as 

operating in humans (~111tdneol1 §.S. !ll., 1948, Schaefer !$i al., 

1953, Pipe and Orrl1d, 1956, Harris Jones ~ sl., 1957). 

Wilcox et al. (1963) concluded that serum oholesterol --
in ohickens exhibited additive genetic variation. 

Andrews et !.~. (1968) concluded that egg cholesterol 

originated fr~1I serum cholesterol indicating a relationship 

batween yolk and SGrum cholesterol. 

i) Mean ..,aluesl 

Average sorum cholesterol in the young pullet (six 

weoks age) aG wall as adult hen (eight months) were 146 and 

229 mg per 100 rnl 'respectively (WllcoX'!.!i !l .. , 1963). 

~ mean plaama cholesterol was 169 mg% with a 

stangard deviation of 59 mg% In .lC population. I'he eerum 

oholesterol lavel of the ARB population was 230 mg% with 

·a standard devia.tion of 63 mg% (WashbUrn and Nix, 1974). 

Kaminski at al. (1979) found the concentration of --
cholesterol were 159.2 and 131.1 mg% in male and :temale 

blood serum respectivoly. 

~inski at al. (1979) roported the serum cholesterol --
value 8.S 145.7 mg, 157.8 mg, 226.3 mg and 184 mg/lOO ml 



at four_ 20, 29 and 32 weaks rospootively for female. 

Tho malo cholosterol valuoe wore 239 rQ.7, 155 mg, 175 mg,. 

194 mg and 168 mg/lOO ml at four. eight, 20,. 29 and 32 

WCilQ'ks of age respectiv..ly. 

'l'h9 mean plasma oholesterol (rags" in females of fifth 

ganaration. W(if) 97 ± 1.2 mg$~ 69 ± a mg~ and 135.: 1 .• 5 mg% 

for tha unselectad, low line and high line ~8peotivelY 

(Hollands at al.. 1990). --
Mean valuee for plasma cholesterol level ranged from 

2115 .± 43 to 361.± 86 mg$~ for high line and 205 .t 41 to 

281 .:.t 74 mlJ~~ for low line across eight .generations (r-farluJ 
OJJ . 

and 3iGgal, 1990) ... 

1i) fbrii:ab!l1tyt 

8umgardner (1955) obtained an estimate of 0.42 ~ 

heritability for sorum cholesterol in a Ne\1 Hampshire line. 

Quantitativo inheritanoa ·has been postulated in rats by 

Kahn (1950) and in mice by \1elbust (1969) who obtained 

reali~ed heritabilities of 0.48 for males an4 0.59 for 

females" in two generations of ctosses of um:elated 1nbrod 

strains. 

Cherms ot n1. (1950) reported h9ritab111ty estimates --
as 0.19. 0.41 and 0.30 by sire. dam and Qomblned cOlnponent 

respectively in a randombred popUlation of i'lhite Leghorns. 
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Serum oholesterol levels were measured at sin to nine 

\-1eeks of age in random bred tihite Leghorns as wll as linea 

selected for differentiation in cholesterol. Significant 

differences betwe~n dam familie's were noted in two 

successive years and heritability was estimated to be 

0.30. After three generations of selection two lines have 

been developed which differ markedly and. significantly in: 

serum cholesterol level (Charma at al.# 1960). --
\'11Ieox ~;!!.. (1963) reported herit.ability estimate", 

for plasma cholesterol of 0.34 for .lre and 0.,17 for dam 

ao:nponent: in a population of random bred \ihite Leghorns. 

Average heritability of serum cholesterol was 0.25 

(t~9h .ire and dam component) (WilcQX ~ a1., 1963) 

which tlas Close to that observed by Charms ~ .!l. (1960).: 

Tbs mritabi11ty estimate for nru.rn cholesterol level 

in AA9 population was 0.56. Thera was no significant si" 

effect on plasma cholesterol in the AC population and the. 

heritability estimate indioated nQ genetic variance for 

plasma choles~arol in the population (Washburn and 

1>71X'. 1914). 

The heritability for plasma oholesterol by regression 

of progeny on mid parent was 0.25 in the high 11ne and 

0.16 in the low line (Marks and Siegel. 1990) • 
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Hollands .at ale (1980) estimated tha heritability of: 
~- - _.. ---

the plasma cholesterol of the unselected line CUhi te 

Leghorns) as 0.2 to 0.3. The estimates of the two sexes 

agreed reasonably well thus showing little evidence of 

eith~r dominanoe or maternal effects. The realised 

her! tabili ties in the selected lin.es "Tere somewhat lO'V1er 

than the heritability from the un selected line. 

iii) Correiationsl 

a) Age and blood cholesterol: 

Serum cholesterol levels were decreased from six 

''leeks through 12th waek and then increased upto 20 weeks 

in ohicken (Estep ~ ~., 1969) 

Kaminski ~~. (1979) reported the effect of age on 

lipoproteins and cholesterol in blood serum of Nhite Roel~ 

hens and the cholesterol values ~mre 145.7 mg~ 157.8 mg, 

226.3 mg and 184 mg/100 ml at four, 20, 28 and 32 weeks 

respectively for females; the male cholesterol values ware 

239, 155, 175, 195 and 168 mg/100 ml at four, eight, 20, 

28 and 32 v~eka of age respectively. 

b) Sex and blood cholesterol: 

in human, the levels of high density lipoprotein (HDL) 

cholesterol in females were higher than in males 

(approximately ten mg/l00 ml. plasma) and females have 0. 

Lf' ) , 
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lomr incidGncG of coronary hsart disease (CHO) 

(Castelli !£ !l., 1977). 

Kaminski at al. (1919) studiod the relationship batWQEtn --
the total cholesterol in blood serum and choleatorol 

deposition· in oertain tissues of broiler chickens at nino 

weeks and found concentrations of cholesterol were 

159.2 rag/IOO ml and 1310 1 ~/100 rol fo:(' males and femaleo 

in blood serum. 

In single comb Wh! te Leghorns males at nine to 10 weaks 

Of age had higher plasma cholesterol (113 mq%) levels than 

females (100 mg%) Of the sarno ago (Hollands ~ a1.# 1990). 

Q) Blood cholesterol and body ltJelght. 
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Bumgardner (1955) obsGXVed a significant pos1 :iva g-onetic 

corrolat1on betttOon chQleatarol level end body waight at 

four weeks of agao 

Weiss and Fisher (1957) fo-und no relationohip betwaen 

adult body weight and adult oholesterol lovel. 

'I'hare was· a atatistleally Significant POS1t.tV0 

corrolat1on bet.t1Oon cholentorol leval of tho young pullet 

and adult cholesterol level and a negativQ correlation· 

batwaen eholesterol lovel and body weight at 81x \Qelcs of 

agel (Wilcox!S.!1.. 1963) and ha found the correlation of 

0.13 between cholesterol lovel in tha younq chickan and 

ill I 
\ 



adul t body wight (eight months) was quite 10\>1 and was 

identical to tm repeatability value observed by Hardy 

21~. (1962) for cholesterol level in serum collected at 

six and sevan weaks fro:n the same birds. 

Swiercz~nt8ka at nl. ( 1981) ostimated t.he cholesterol --
in blood soru.''tl of Baile-Brtdnoakia (mGat 'type) a."1d Rhode 

Island Red (eg:g typs) cocks and hans. Thera was a close 

correlation between serum cholesterol and body weight at 

flva weeks of age than at eight waeks of age. The correlation 

being potJl ti va in ths meat type cocks and nagat.1 va in the 

meat type hens, egg typo, <looks and hellS. 

d) Slood cholesterol and egg production traits. 

No significant correlation between egg proBuction and' 

adult cholesterol le~ol was noticed (Loren~ at a1.# 1938). --
\'le1oS andl?.tsher (1957) reported n non sign:Lficant positive 

Qorrolation between th3 rate of egg production and serum 

cholesterol# while Johnson st a1. (1959) reported a non---
significant negative corralation. 

Leveille and Fisher (1959), SVacha. (1959) and Smith 

(1969) reported a significant negative co=relat!on be~n 

rate of eqq production and serum cholesterol. 

Substantialy positive genetic corrolation tIara o'ba~rved 

b3twaen cholosterol level and body weight at a1qht weeks, 



age at first egg, egg production and albul'Den quality. 

A substantial negative correlation was observed for adult 

body \ie1ght (~jilcolf ot al., 1963). --
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Andrews ~!l. ( 1968) ret')orted that in ther la.ying fowl 

the specific activity of plasma cholesterol rose during 

the first 32 hours of production. 

~ Qotimated genetic correlation for plasma 

chOlesterol and eqa production was negative (Hollands 

!t ~.# 1990). 

HOllands ~~. (1980) reported tOo genetic correlation 

of plasma oholeste 01 with age to first ogg, and egg 

wa1ght 69 -0.047, 0.191 respectively in l>1h!te Leghorns and 

phanotyp.1c correlations of plasma oholesterol t"li th the 

OGm3 traits in order Q9 .... 0.140. 0.002 raspeqtivoly • 

.tv) Influence of diet on blood cholO:Jtoroll 

Goldsmith at ale (1960) stated that excretion of bile 
~...... - . 

acids in h~an increased 20 to 2S percent ooncomitantly 

with a dacreastl in serum cholesterol wmn polyunsaturated: 

fatty acids '~flere fad. 

'l'Jw apparent association betw.zlen c:holQsterdl lavale 

and liVability might have baen caused by staJ7Vat1on just. 

before death. because fasting cotlld Qausa elevated 

cholesterol level (Hardy' ~ ~., 1962). 



Edwards and Jones (1964) reported both yolk and 

blood cholesterol of hens have inoreased fol~o"'1nq consumption 

of ~gh levels of cholesterol in the diet. 

Cholest.erol supplement.ation of the fat diet showed a 

significant increase in the faecal bile acid excretion 

(Portman and stare. 1959, Wilson. 1964). 

An increase In the faecal output of total neutral 

sterols was also demonstrat.ed in human stt:ldied wh$n 

unsatura.ted fatty acids were included in t:be diet (Grundy 

end Ahrens, 19661 Wood ot at., 1966, Moore et al.. 1968, 

Connor et al., 1969). --
Daghir and Porco.hanl (1968) showed that diotary , 

cholesterol significantly increased serum end liver 

cholesterol. Commercial egg strains \«Ire qrOtr1rl on diets 

containing different levels of protein. The protein level 

influenced significantly 1n .er~ oholestorol levels 

(Estep !tt' !!.. 1969). 

ChOlesterol in the mammalian system was oliminated 

entiJ:ely by eKcretion into t.he faaes as neutral stel:'Oid 

and bile acids (Danielson and ~hen, 1969). 

Addition Of ovary additional 100 mg of dietary 

oholestGrol \>tould oause elevation of £1 va mg saru.m 

cboleste~ol (Halloway, 1961). 



aartov 2S a1. ( 1971) studied effects of different 

vegetablo oila in plasma cholestorol lavale. Changes in 

plasma choleaterol levels due to dietary treatment wore. 

not uniform for tho hans of each treatment, except in 

ease of sterol unsupplemanted coconut 011 wherein 90 

pareent of the hans fed ,this 011 e~h1bitad higher plasma 

cholesterol levels. 

Krus1t1 and t1arayan (1972) pointed out that 1:-ivar 

Qxhibited th~ groatoDt response to a oholestarol diet. 

Liver and serum ware considered as a pool of cholesterol 

Qnd tha concentration ·of cholesterol :1.n tho liver was the: 

prineipOl factor controlling cholesterol metabolism in 

chickens. 

Among the plasma (or serum) lipoproteins induced by 

ch~lesterol feeding. the vary low density lipoprotein 

cholesterol was markodly increased in pigeons, quail and 

chickens (Jones and Dobr!lovic# 1969, Day ~!l.# 1974, 

Kruoki and Naruyanan, 1972, Narayan and Calhoun, 1975) 

and in rabbits (Shore at a1., 19741 Day at. a1., 1974) • ._... ..._.. .,... ........ 

Cholesterol. feeding re$ul ted in a hyparcbolest.eremia 

with Q distinctive hyperlipoproteioem1a 1n different 

animals (Mahley. 1979). 
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Serum cholesterol level tlas elevated in the pectin 

and wh3.nt bran diets. ~re was an inverse relationship 

bet't'laen both serum and tissue cholesterol leval versus the 

total quantity of oholesterol excreted via egg (Sutton 

at 81., 1990) • --
Comparative hypercholasterolemic properties of two 

diotary cholesterol sources viz. crystalline and egg yolk 

potrder ware !nvostigated in White LeghOrn male chicks. 

High dlatary levels of crystalline cholesterol had a 

signIficantly greater influence on raising ~ba serum 

cholesterol cone~ntration than an aqual amount of dietary 

yolk, cholesterol. No significant effect was observed at 

the dietary oholesterol level less than 0.2 percent 

irrespective of cholesterol Gouree. The correlation 

coefficients between dietar"1 and serum cholesterol levels 

were 0.97 and 0.77 for tlls crystalline and egg yolk pot-roer 

cholostarol source respeotively (Sim ~ a1 •• 1980). 

Serum cholesterol level was elevated in the birds 

(c:oturnlx quail) fed the pectin and whaat bran eSlats 

(Sutton et al._ 1930). 
-~ 

In White Leghorn eockrels, the serum cholesterol value 

with the cholesterol-free diet \tas lowest (113.0 mq%) and 

tha highcot was with 1.0 percent crystalline cholesterol 

diot (384.8 m.g5t) (Sim at al. 1 1990). --
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The serum oholesterol levels with egg yolk diets· at 

graded levels (from 0.25 to 1.5%) wera siqnifieontly lower 

than that of one percent crystalline cholosterol level 

(O.2S~~. Howevor, G9Q yolk eholesterol diet producod 

811ghtly but Sig'l'lificantly hiqh~r sorum cholesterol level 

than tha crystalline form (Siro et al.; 1980). 
~ --

In comparison to recrystallized choleoterol treated 

·quail#. oxidisod 'oholesterol treated quatl Qxh:1b~ted 

signifioantly inoroased serum and liver cholesterol 

coneentJ;"Cit1one and incr.oased sQvority of atherosclerotio 

lesions (oonaldson, 1982). 

't:U and Donaldson (1982) statod that SGrllI'll cholesterol 

had a positi va association with liver c:tholesterol in 

oholosterol-fed quail. 

Panda at al. ( 1993) found that tannic:: acid at one --
percent and fat or oil at two percent had a synorgistic 

effoot on increase In plasma aholaatorol. 'I'hs fat and oil 

Incroased pI asma oholesterol but the increase was qreater 

with fat. The results were of s1rynifl0ance in human 

nutrition in view of the tannic acid content of tea and 

cOffee. 

~7 

Mol at al. (1983) studied the effect of dietary protein 
~--

and oholesterol on oholesterol concentration and lipoprotein 

4' 



pattern in tha oarum of chickens fOWld that 1n the groups 

on cholesterol containing diets there was a shift in the 

lipoprotein pattern from the 10'" density lipopro~ein to 

tbs intermediato density lipoprotein and very low density 

lipoprotein. ~ 

Normal rabbits fed with dietary cholesterol developed: 

choleaterol deposits in all of their blood vessels, not 

just th9 coronary art~ries.. In human cholesterol 

accumulated preferentially in the coronary arteries. 

Watanabe rabbits developed a heart disease that closely 

ros~mbled what oecured 1n. human (Anonymous. 1993). 

V) Blood cholesterol and atherosclerosis. 

f4any investlqators have dam::>nstrated a oorrelation 

b'3ttveen raised Gerum lipid levels and the incidence of 

coronary heart disease and atherosclerosis. Havel and 

Carison (1962) stated that ths serUm chOlesterol has been 

ona of tba most chief factor in causing the incidence 

of coronary heart disease and atherosclerosis besides 

other factors such as phosph lipid rat1o# lipoprotein 

concentration, s~rum tr1qlycerol concontration ate." 

causing the heart· disease. 

Andrew Gament (1966) found absor9tion of cholesterol 

was one of the various facets of eom~11e~t~d meohanism of 
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atheroma formation, the major part of the mechanism was 

metabolic enzyme and hormone controllodo Cholesterol 

found in athaJ:Oqlss was not syn'tmslzed locally but was 
4 

derived from bloQd. 

Elevated serum oholesterol level played a central 

role 1n tha genesis of atharosclorosis and coronary haart) 

disease (Connor. 1968). 

High density lipoprotein (HDL) WSQ oonslderad as Q 

protective factor against chJ:'onie heart disease eCHO) aad. 

very low density I1popr.otein (VLDL) and low density 

lipoprotein (LDL) WGre· considered to promote tm disease 

process. Recent reports indicated that the ratio of high 

density lipoprotein (ROL) to 10\" dansity lipoprotein (LDL) 

cholesterol Or high density lipoprotein (HoI,) to low 

dons1ty lipo~rotoln (LOL) ·and vary lOw density lipoprotein 

(VLDL) cholostorol may be a measure of ros! sta;.nce to 

Atherosclerosis 1n hutnan (Glus'k, 1976, Kannel ~ at.. 1979, 

~a1(td as !!!.. # 1991) • 

Tha plasma high density lipoprotein (MDL) cholesterol 

level waa negatively correlatod to the risk of coronary 

heart disease (CHO), whereas low denSity lIpoprotein (LDt,) 

and vary low density lipoprotein (VLDL) cholosterol had a 

positive association in human (Gordon ~ al.. 1977, 

Castelli ~ !l.,1977, Anonymous, 1979; Kannel ~ ~.,1979). 
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ThQ dogree of diet aggravated atherosclerosis was 

studied by B1 tman and \,lood (1980) in Japanese quail. f:iO 

atherosclerosis \1aS seen in birds ~ot fed with cholesterol. 
, 

With choleste~l feeding~ male SUS ,(Susceptible) birds 

exhibited t~ .greatest inoidence of atherosclerosis 

U'hereas t~ female RES (Resistant) birdS exhibited the 

least. Aortic cholesterol eoncentra~lon' was considerably 

higlur: in males as ~mpar,:!d to females. The high . 

c:onc:antrat1on of cholestorol circulating in tb:! blood was 

the only possible explanation of higher inaidencG of 

atherosalGros!s. 

vi) SOlactionfoh blood oholesterol. 

Serum cholesterol levels were meaau.rad at six to nine 

weaks of age in randombred Whi te Leghorns as tlell as lines 

aeleetod for differentiation in cholosterol. Significant 

differences between dam families uore noted in ttlO 

successive years and heritability was estimated to be 0.30. 

After three generations of seleotion two lines have been 

developed which differed significantly in sor~~ cholesterol 

leval (Charms at al., .1960). --
Genetic correlations would be of usa in predicting 

the performanoe of lines selected for: high and ),0\11' cholooterol 

leval. Tmlr maqnltude suggested that tharo was a genetic 



reJa tionship between cholesterol level of the young chicken 

and subsequent body weight. age at first egg. egg production 

and albumen qUality (Wilcox!S !!., 1963). 

Hollands ~ al. (l~aO) studied ;;he reeponse to five 

gonarationa bf selection for blood cholesterol levels 1n 

Ylhite Leghorns. The raspons to five generations of 

s"llectlon for high and low plasma cholesterol levels was 

exa~ined in two lines of Single a~~ tnute Leghorn 

chickens derived from the serna population. 

Dlffo~neGs' between the two salec:;ted. 11003 in the 

fifth generation was 37 mg pe~ent for ~les and 33 rug 

porcent for femaleslil Hlgh cholesterol levels ware 

associatod with high mortality. After five genorations 

of se141Ction for plasma· cholesterol. yolk cholesterol was 

109 mq% lower.1~ the low selected 11ne than in the control. 

(fbllands .!l1i .!!. •• 1980). 
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lMATERIALS A~O M.~TRODS 

, 
I Population under study. 

This expo~1mont was carried out at. the poultry 

s~otion of too ___ LivestOck Research Station. Kattupakkam 

during too yeal': 1990 'to 1992. Meyer s~a1n single comb 

White Leghorns maintained under index selection programme 

were used for the study. 

II Collection Qf data. 

The pedig~eed 'birds belonged to fifth generation 

under lndex""selection proq.r:amme were taken for collection 

of data for egg yolk cholesterol, plasma cholosterol and 

other economic traits. A total of 695 pullets belonging 

to fifth generation under 28 sire families were included 

in the :st\1dy. The data was collected at 32, 40 and 72 

weaks ages of the birds. 

III Management of b1rdso 

Ped!qra.3d chiokS were raised in a single hatch and 

kept in broodet' houses upto tan we~ks of aqe, sexed and 

then put into Qrower house. At 20 walts of age all the 

birds were welql»CI, l¢n~ badq.d. and housed in the layer 

house with a fl.oor 8pa'.7e of three square feet per pull.t. 

They were J:8~d und.r intensive deap 11 t.ta8 system in e. , 



semi-monitor tYPe aluminium roofed houses. Paddy husk 

was used as· litter material. 

In each pen. one al~~1nium t~AO way trapnest of 

3' x 1.5' with three holes was used for trapnestinq. 

The birds were trapnested from 7.00 A.M. to 5.00 P.M. 

daily. Egg weights ware recorded upto 40 weel($ of age. 

Feeding, 

The chicKs were provided with adllbitum feed by 

hangil'lg metal. fe~ders and running water channels were 

used for watering. separate grit hoppers ware provided 

with $hell grit which was made ·available as free choice. 

The feeding and other management practices wera kept 

constant throughout the experimental period. The chicks . 
were fed adlibitum from 0 to a weeks of age. grower mash 

from 8 to 20 weeks of age and layer mash thereafter. Tho 

composition of ~a8hes ara given in the Appendix I. 

Collection of eggs; 

Three eonsequative eggs par hen were cjllected and 

analysed for egg yolk cholesterol. The eggs were stored 

at a temperature of 21°C before the analysis of egg yolk 

cholesterol. 
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IV Experimental methodsl 

i) Dsterminatioa of egg yolk cholesterol, 

Sgg yolk oholesterol determination involved extraction 

of cholesterol from the egg and measurement of iaolated 

cholesterol. Yolk cholesterol was determined by a 

modification of Folch et a1. (1956) extraction method by -- " 

Washburn and Nix (1974). Eqgs were hard cooked as per the 

me'thod of Baker et al. C 19BO) iii In the modified extraction' --
proeedure yolks ware separated from the remainder of tb9 

egg. A satuple of one gram yolk was mixed ,,11th 15 ml of 

2 • 1 chloroform - methanol and shaken 12 times by hand, 

five ml of distilled water added end the sample again was 

shaken 12 times by hand. After centrifugation at 2500 rpm 

for ten minutes, the aqueous mothanol layer was removed by 

suction and discarded. 'I'he chloroform layer was filtered 

through fibre glass filter paper into a t.<tst tube, stoppered 

and otored at SoC for assay of mg cholesterol/g. yolk by 

the standard Zlatkls method (Zlntkis at aI. 1 1953). --. 
colourlmetr.i.e assay I 

To 0.1 ml ~ egg yolk extraet was added three ml of 

aldehyde-free glacial acetic acid followed by two ml of 

ferric chloride reagent. 

~B ferric ohloride reagent was ma~e up by dissolving 

10 9' FeC1 3 in 100 ml of aldehydf)wfrf!u!l glacia.l acetic acid 



and than d11 ut.f.nq two ml to 200 ml Wi th concelltrated , 

sulphuric aCid. After mixing the intensity of the purple 

colour was measured at 560 mu in a Erma photoelectric 

colourimator. The amount of cholaaterol was then estimated 

by reference to a standard curve. This method was rapid 

and did not involve saponifioation since equimolar 

concentration of chOlesterol ester and oholesterol gSVQ 

colours of equal intensity. 

11) Determination of total plasma oholesterol, 

Principlas 

Wban a eolut1on of ferric chloride in acetio acid wae 

added to the plasma, the plasma proteins ~re rapidly 

precipi tated leaving the liberated oholesterol in the 

suparnatent solu.tion. A diluted aliquot of too supernatant 

fluid £rom the plasma when treated with a specifio amount 

of concentrated eulphur1c acid. yielded a Colour that was 

stable, sensitive and reprodt1e1ble, t"eaQtlng; according to 

Be<ilr's law. 'l'b9 absorbance of coloured solution was 

mea$'U%'ed 1n Erma Photoeleotric colourimeter and tl'e total 

cholesterol level was rea.d against the standard graph 

prepared previously. 

Collection of plasma. 

A two ml blood was collected fro1l the brachial vein 

of the bird. rnd1vid~1 blood samples were placed in 
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bepar1nlsed test tubes and centrifuged. Ali~ots of 

plasma were fro:ten for later analysis of cholesterol via. 

a colourimotric·.ssay. 

Method. 

The standard method of Zlatkis (Zlatkis at a1.. 1953) --
was \l.sed in the est1matlon of plasma oholesterol. This 

proeodtlrG was a.dopted because of its suitability for its 

short working time and necessi1;:.y of collecting only a small 

a~ount of blood ~or the experiment. 

; 

REaagonts use>,/ -in 'tl:le es·timation of total plasma oholesterol. 

Ferric chloriae atoc~ reagent. 

This rea.gent was prepared by dissolving 840 mg of 

Feel, 6"20 in 100' ml of aldehyde-free glacial acetic acid. 

Ferrie ohloride pre01pitating reagent. 

l'his was prepared by d11utlnq the stool< .reagent 1 I 10 

with aldebyde-fzoeo glacial acetic: acid. 

Ferric: ohloride blank and diluting reagant;# 

This reag~nt w,a$ prepared by diluting a.5 ml of the 

stock reagent to 100 ml wlth aldebyda--free glaolal 

acetic ~1d. 

Cholesterol stock standard. 

TM cholesterol stoc:'k standard waa prepared bY. 

dissolvinq 100 mg of pure# dry cholesterol in 100 ,ml of 



., 

aldehyde-free glacial acetic acid. 

Cholesterol working standard. 

'fhis was prepared by adding one rol of stock stan<!ard 

to 0._9S m1 of the stock reagent of ferric chloride and 

made upto ten ml with aldehyde-free glacial acetic acid. 

Concentrated sulphuric acid. 

Preparation of the stan~ard graph for plasma oholesterol, 

A fresh t~rklng standard which contained 0.1 mg in 

one ml was prepared. Zero, one, two and three ml of this 

freshly prepared working standard were diluted to four ml 

with the dilutinq solution of ferric ohloridel 0.1 ml of 

physloloqical saline was added to each tube. Three ml 
c 

aliqUot of this solution were wi thdrswn from each tube and 
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two ml of concentrated sulphuric acid were added to each. 

The solutions ~re mixed thoroughly by means of tapping the 

tubes with the fingers and the solutions were allowed to 

cool to the room temperature. The absorbances of the 

t.hree standards in comparison ,,'ith that of the blank were 

measured in Erma Photooleatrie colou:rimeter set at 560 mu • 

From the figures obtain~d the standard graph was constructed 

with the ooncentration alon~ the abscissa and the optical 

density along the ordinato. 

Estimation of total cholesterol in plasma. 

0.1 ml of plasma was pipetted into four ml ferric 
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ohloride prfC1p1 tating reagent and this was mixed well 

by tapping with fingers. After two or three minutes. the 

mixture was filtered into a small test tube. To a three 

ml aliquot of the olear yellow fil uate two ml of 

concentratod euiphuric acid was added. The reagents were 

mixed well and tm rosulting solut1on·t4au permitted to 

0001 down to room 'temperature. Then the absorbance of 

t.he solution in comparisQn ll1th that of the blank wae 

measured in Erma Photoeleotric eolourimeter set at 560 rou. 
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Benenson (1955) reported t.M permitted variation for blood 

constituents. The c~ntrol of accuracy by photoelectric 

colourlmet:er 'Wa.s s;s- ·cmek,ed by Benenaon (1955), fOr 

cholesterol and cholesterol ester to the ~nt of ;!: 0.9 

p~raont. For oach sample of plasma. a control teat was 

aleo done and the average reading WQS taken. If tna 
absorbance va.lue exceeded 1.0, the final colour "ras diluted 

1 , 1 with blank .reagent in order to extent the range of 
, 

analye18~ The opi~c&l density was read ogainst the 
v 

concentration from the standard oraph. 

Calculation' 
Optioal density of the unknown sample 

mg5~ cholesterol • x 100 
Optical density of the standard 



V Definition of characters under study. 

mg. choleste:t'Ol/q. Yol'k I 

Amonq avian species, strain or line differences existed 

primarily with respect t.o the amount of cholesterol per 

unit weight of yolk, mnce mg.cholesterol/q.yolk wae taken 

as a measure of egg yolk cholesterol and defined as the 

egg yolk cholesterol concentration expressed in milligram 

per gram of yolk. 

Total yolk cholestorol: 

. Total yoll; cholestorol \'1a8 taken as a trait ainca the 

total yolk Qholes~orol is tba amount of cholesterol a 

person would ingost by way of one ,g9" and it is obtained 

as· the ogg yolk eholasterol concentration per gram of 

yolk m'lltiplied by t'tn total yolk t1Cight a.'ld expressed in 

milligram •. 

Plasma cholssterol' 

The plasma cholesterol has a dorr0lation with egg 

yolk cholesterol. Hanoe it was take~ as a indirect 

measure for easy selection for lOW cholesterol and it is 

defined as the Qoneentration of oholestorol per 100 ml of 

plasma and is expressed as milligrams percent. 

Hatch weight. 

Hatohc.ld out chiCKS were weighod in a slnglo pan 

electrical balance and expressed as gram. 

" 



Body weight at 20 weaks I 

The pullets/cockrels were weighed at the age of 20 

weeks 1n an electric K'aroy balanc_G of 0.1 9 accura.cy and 

expressed as gra.'n. 

Age at sexual maturity. 
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Th9 e.g-a of the bird in daye when it laid its first egg. 

Body weight at sexual maturity. 

Weight of the bird in gram on tba day of first egg 

measured with an electric Keroy balance of 0.1 9 accuracy. 

Body weight at 32 \'leeks I 

Too pullets/cocla'els .,re weighed at the age of 32 

weaks in an electrlc Keroy balance of 0.,1 go accuracy and 

expressod as gram. 

Body weight at ''0 weeles I 

The pullets/cockrals were weigbad at the age of 40 

weetcs in an electric Karoy balance of 0.1 9 accuracy and 

expressed as gram. 

Egg numberl 

Number of eggs laid by a pullet upto completion of 

40 weaks of age. 



Egg mass." 

Calculated as the total ~19ht of egg (gram) laid 

by a pullot upto completion of 40 weeks of ag()~ 

Egg wight. 
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Average tm1ght of oggo taken for analysis at 

appropriate \'roeks, weighed in single pan electrical balance 

of 0.0001 q accuracy, and expressed as gratn. 

Hard cooked egg weight. 

The eggs and tap water sufficient to cover the eggs 

were brought to a poll on 'hight of the heater in a 200 ml 

covered saucopan. The pan vas removed from th~ haat.tng 

surface and left to stand for 2S mi ~utas. The hard cooked 

egg were weighed in a olngle pan olectrical balance of 

0.0001 fJ acouracy and expressed as gram. 

Yolk weight.a 

Yolks were separated after the eggs were hard cooked. 

Individual yolk was weigmd in til single pan electrical 

balance Of 0.0001 g accuracy and Cllxpressed as qram. 

Shape index. 

Th3 longth and width of the egg were measured upto 

1/10t.h of a am with a Vernier calipers. '!'he length was 

measured as the distance betttaen th:3 pol eo and the width 



as the distance at the maximum oircumference of egg. 

Shape index was calculated by th9 formulas 

Graate.t width 
Shape 1nde~ • x 100 

Greatest length 

VI Method of statistical analysis I 

i) Estimates of heritability. 

The heritability was calculated by half sib analysis 

w1th unequal number of progeny a$ per r«ng and Henderson 

(1954). Tm statistical model was, 

Yij • /u .... 81 + eij 
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where Yij Q the ob~arvat1ons on the jth individual of the 

ith sire 

)U c general mean 

91 - effect due to 1 'th sire withE (S1) • 0 and 

V (51) .. 052 

eij .. random effect due to error with E (eij) • 0 

and v(e1j) • 002 

Analysis of variance. 

Source of 
variation 

Between sires 

Wi thin sires 

df 5 .. 3. 
_ ... ----. .. -.---

(5-1) SSa 

$ 
~ (nl-1) SSe 
1-1 

M.S. E.H .. S. 
.......... .......... -

----------------------------



L ,2-z:. 1'\.1.. 
5 i ~ 
~ ni - f ni 
i-1 

where ni ~ number of progenies for ith sire 

s 
~ n1 g total number of progenies :=. N 
i=1 

~ varianoe components ~~ estimates ~4th.Of the 

additive genetic ,variance, ~16th¢ of ~he additive x 

additivQ genetic variance and the various amounts of ,the 

sex - linked variance depellding upon the species. 

The variance CCY.llponents 4 estimates the remaindar 
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of the genetic variance plus all the environmental variance. 

2 
4 Os 

:a 2 2 
oS +oe 

F-eritability 

The standard error of the heritability was calculated 

as per Swiger et ale (1964 J. - -.__:__:_--~====:=-

2 eN ... !) (1_t)2 [1+ (k-1) t] 2 

~ (N-S) (5-1) 

where t = intra class correlation 

A ~~ighted average of the heritability estimates for the 

data observed at three age groups (32, 40 and 72 weeks) 

was taken, the \Jreight being the reoiproCals of the 



varianc(! of each estimate. The variance of this average 

estimate was computed as a reciprocal of the sum of 

tlm weights. The computational equations were I 

2 
V(h 32) 

2 
h 32 

+ 

1 
+ 2 

V(h 40) 

1 
2 

V(n 40) 

1 

2 1 11 40 + 2 
V(h 72) 

+ 1 
2 

V(h 72) 

2 . 
h A = \'leighted average of the heritability 

2 h 32= Heritability at 32 ~reeks 

h2
40= Heritability at 40 weeks 

h2
72= Heritability at 72 weeks 

ii) Estimation of genetic correlation. 

2 
h 72 

Genetic correlations were calculated using sire 

component of variance and covariance (Becker, 1968). 
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Analy~1G of variance and covariancel 

------------------------------Source of 
variation df 

Bet\oJeon sires (S-1) 

,~ 

MSPxy 

------~-----------------------
Covariance COVs(xy) estimate:'! l/4th of a.dditive 

genotic covariance. 1/1~th of additive x additive genetio . . 
covariance and other non-additive covarianc~s. The 

genetic correlation between two traite x and y was 

calculated 85 given below. 

COVs(xy) 
ra hey) til _ z 

[('al(lt)'I~hy) 

where raC:>C.ij):genetie correlation of ~ traits 7. and y 

covsbcy> • sire component of covarianoo of traits 

2 
~(x) 

x and y 

• sire component of variance of t.rai t x 

~ sire component of variance of tra~t y 

7'he IJtalldard error of ganet.tc correlation wss 

calculated as per Robertson {19S9}. 



SE r 
G 

vhera SE 1:'0 = standard error of the genetic correlation 

SE (hZx) C Btandard error of heritability of trait x 

SS (h2y) 

2 2 
h "f h Y 

r (0) 

= standard ,error of heritability of trait y 

Q heritabilities of traits x and y 

Q genetic correla tien between the traits 

Phonotypic correlations: 

Calculated as simple product moment correlations 

'1'1's standard orror of phenotypic correlations \1iare 

caloulated )J\.l tha formula. 

so (rp(xy) Q 

-------
1 _ r2p (ley) 

tfhrlre N is the) total number of patrs of obaervationB~ 

Environmental correlational 

The environmental correlations wore calculated as 

per Pilla! nnd Sinha, ~96a). 
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E COV (xy) 
.1:'E 1:3 J"iE var x) (E var y) 

The analysis of the data was made with uptron 

computer of the reliance computer centre. Sangalore. 
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I Eqg yolk ch01Q~terol' 
, 

'1'he cholesterol levels in eggs ware measurod aa 

c) mg.eholesterol/9'.yol~ 

b) Tot:al yqlk cholesterol (mq) 

'l'bl aboVe moasurements wore made at 32# ~O and 72 \'leoks 

of agos of the birds balonqing to index aelaction programma·. 

i) Mean valueo. 

The moan values with a~ndard error and coefficient 

of variation are presanted in Table I. 

0.) mg.ehola9terol/~hyoll(1 

Tha m3SD values rang-od from 16.16 mg at 32 tl()e1c:s to 

17.84 mg at 72 ~aks of age with gradual incroasa ao ths 

aqo of bird advanced. Tha pooled maan ove~ tbtl ages was 
~ 

16.87 mg_ The coefficient of variation of this charae·ter 

was between 14.97 to 1&.95 pareent. 

The differenoas in tha mean values at different ages 

tmro highly significant (p~O.Ol). 

b) Total yolk cholesterol. 

The mean values ranged from 219.18 mg at 32 waaks to 

334.54 mg at 72 W0e'ks with an over all mean over ageB t1aS 

246.81 mg. The coefficient of variation ~as between 16.97 



TABLE I 

I-iEAN VAI,UES OF MEASUREHSNTS OF n:GG YOLK CHOLESTEROL 

Age of 
the bird 

32 

40 

72 

Pooled 

Measurement of egg yolk cholesterol 

-------------------mg.cholasterol/ 
g •. yolk 

N'Umber 

Mean 

S.E. 

c.o.v. (~) 

Number 

Mean 

S.E. 

C.O.v. (%) 

NumbOr 

Mean 

S.B.' 

C.O. v. (7~) 

Number 

Mea.n 

696 

16.16 

0.0917 

14.9736 

696 

17.35 

0.1109 

16.9504 

163 

17.84 

0.2123 

.15.1918 

1555 

16.87 

~.E. 0.0782 

c.o.v.(%) 16.3897 

Total yolk 
cholesterol (mg) 

696 

21B.18 

1.4037 

16.9754 

696 

258.00 

3.2174 

32.8978 

163 

4.9338 

19.8293 

1555 

246.81 

1.4410 

23.0079 



,A 

to 32.90 percent s~ng existence Of high variability for 

this oharacter. The differences in the mean values at 

the three age grot!ps were highly significant (P~O.Ol). 

11) Heritability. 

fbrltabl11ty was worked out for the measurements of 
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~ 

~ egg yolk cholesterol using 696 progenies belonging to 28 
II 

s:1res. 'roo mean squares and estimates of heritability 

with the standard error are presented in Table II. 

a) mg.cholesterol/g.yolk.~ 

The 'bsritability estimates t~re 0.2415; 0.23'71 and 

0.2955 at 32# 40 and 12 weaks of age respectively indicating 

more or less the flame heritability at all ages as maY' be 

judged from tho magnitudo of their standard errors. But 

the pooled estimate over all ages was 0.2996 with a 

standard error of 0.0137 indicating the heritability of 

the character was low in this population. The .ire 

difforences for this character were signifioant at all 

the ages. 

b) Total yolk oholesterol, 

Tbe ooritabil1ty estimates ,-;era 0.2555 .. 0.2210 and 

0.2239 at 32 .. 40 and 72 weeks of ~ge respectively indioating 

more or less similar be~itab111t¥ at these age of the birds. 



TABLE II 

ESTIHATES OF HERITABILITY OF EGG YOLK 'CHOLESTEROL 

,t 

----------~---------------------Age of 
the bird Source of 
(weaks) variation 

Mean squares 

--------------------------------
Between s1 ras 27 

Within sires 658 
32 

Heritability 

Standard error 

Between s1 res 21 

Within sires 6S9 
40 

Heritability 

Standard error 

Betweon sires 27 

Wi thin sires 135 
72 

a,ritabillty 

Standard error 

H3rlt;.abil1ty 
Pooled 

Standard error 

20.5480 w* 

7.8956 

0.2415 

0.140a 

22.4051 ** 
8.S3SS 

0.2317 

0.0412 

11.4041 .. 

7.4047 

0.2955 

0.0146 

0.2986 

0.0137 

14456.7 **' 
·5349.5 

0.2556 

0.1260 

17740.3·· 

7216.7 

0.2210 

0.1104 

S069.6MS 

3778.9 

0.2239 

0.3794 

0.2355 

0.0811 

-------~----------~-----------~-
•• Highly :sJ..gnificant (pL.. O.al) 
* Significant (p <.. 0.05) 
t~S Not $!gnificant. If ;7 ". 05) 



But the pooled estimate over all ages was 0.2355 Wi~h a 
o~ 

standard error~O.0811 indicating a low value of 

heritability for this ahsracter also. 

Sire effects ware highly slqniflcant (p.( 0.01) at 

all ages axeept at 72 uaeks of ago. 

111) Correlations. 

Correlations of the maasures of egg yolk cholesterol 

ttith th9 folloving p1'!oduetlon tral ts were computed to 

study too ~saoe:ltltlon of cholesterol level with production 

traits. 

hstch l1ti!igl;1t, 

body tmight (20 weks);. 

age at ~atur1ty# 

ttaiqht at maturity, 

body weight (32 wocks), 

body weight (40 weeks), 

egg weight, 

yolk waight~ 

plasma cholesterol and 

shape index. 

a) mq.cholestorol/q.yolk td.th eqg production traits. 

1. Correla'tiona at 32 \-leeks .of agel 

The estimates of genetic. ph3notypic and environmental 
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correlations of mg.cholesterol/q.yolk at 32 woeks of age 

of tro bird with production traits are presonted in 

1'ablQ III. 

Correlations \lith body t13ight traits. 
": 

Correlations with hatch waight, ~ody weight (20 uaekB), 

weight at maturity, body weight (32 weeks) ware estimated. 

'I'M genetio correlatiOns with body tieights uere positive 

ond ranged from 0.1259 at 20 vselts of age to 0.8036 at 

hatch. Tlny UQrO moderato to high excopt for the 

corrolation betwasn mg.eholosterol/g.yoll( and body wi.qht 

at 20 ~Gk8 of age. Hlghest correlation was encountered 

\"lith hatoh ueig'ht. 'rh9 ph~notY"1c a'1d c'nvlron:nental 

correlations ware ~ary low and were negative tn most 

instances. 

Correlation With age 'at maturity. 

The genetic correlation was neg-aUva and fairly 

high (-0.4291)# while phenotypic' and environmental 

correlations ware lew. 

Correta tion with egg walghl:. 

Tha ganatic correlation was positive and medium whilo 

ph3notyp10 and en~ironmantal eorralationn woro low. 

Corrolation with yolk weight. 

'l'ha genat1c correlation was naqat.1vo and fairly high 

.. ,hile phenotypiC and environmental corrolations Wl3rO lot"l. 



II 

r • t 'N I • or 

• t ~ ~ 0 co "d' tn 0\ ~ &I) m • • c 0 &n 0 rtl \0 N <0 
I : I~ m ~ b 0 c-f ~ C\ N 

""" S I 
0 0 0 c ..... c-f 0\ co 

I i • • • • • • • • • • • M .2Jj 0 '0 0 0 0 0 0 0 0 0 

~ 
t , I • • , .... , I g f , 

• 
~ t , fll I t 
...:J f , , • a! • • • , 
~ , • ~ G\ 0\ 0 

~ ~ 
co .,.., 0 ~ , 

tJ) 
_. 

f;; s;; s;; m ~ 0 M '~ 
~ 52 • M • N N , 

t g • 0 0 0 0 0 0 0 0 0 0 
@ I (t) • • '. • • • • • • • • I 

tl1 0 Q 0 0 0 0 0 0 0 0 u • • f • to 

:~ '''''' .~ • , 
, ~ , ~ , an rtl CD ~ .. \D I' 0 N ..... ,. ... C\ 0 ~ (g "1ft rtl \0 0'\ ~ 0 

0 t 0 14J- • N til til \0 \0 en ~ 0\ !=t ,. 
~ t U O.n. 0 0 0 0 0 0 0 co r-

~o • c k 
, • e • e • • • • • • , 

.11- e 0 0 (;) 0 0 e 0 0 0 
p~ t t Ilf • I I 
t-f~ 
~ r.] f t , t 
~~ , t I 0\ 0 ~ \t) ~ N 0\ 1Il ..... 4QiI , 
r:l • &n \0 .., \0 en "'" en til m ~~ 

, t Il3 • N en 0 co til f"I CD ~ rtl I 
H .' 0 f"I .... ~ f"I trl ... 0 C"'t .... 0f4 

, f (1) • • • • • • • • ,. • t 
H 0 0 0 0 0 0 0 0 0 0 U

4 , t J t· 
~ ..:J 

<C til r , u t \0 0\ ... III tt) III 'dt l"'- N CO • 
~ tE-t • If ...... C"'t III 0\ N N 0\ II) 0 ..... N 

.H , 0 N N til 0 0 C"'t ..... tn 0 
~4 .8 kt!) 

en ... ~ ", M ~ U1 ..... 0\ ... 
f • e· • • • • • • , • • ""'~ , ~- 0 0 0 0 0 0 0 0 0 0 

0 • • • • tr:o: 
~fI1 

, , 
• t:l t) ZM - - "'" 

@.~ 
I) Vl 0 I 

.... "'" M ~ J.f 
t I :tg. • I (l) B <~ t' ~ "'" , 't'J e • ., e • f:;i .f!~ ~ j Q) 

• • I 0 ~ .... 11 ~ 
10 .... N .8 ei • - ..... - Vl • i! B m u 0) 

0 • t 
~ ~ ;M .... ~ • tf: 0\ ;M ~ .8 f2 • o .,. , .... m i: tn t:n ,... ItJ , 

ut) 
• i .... .... tJ\ .... g. u ~ th • .... I ~ .... I I 

11.8 11 ~ i 10 
• t t .c: .... m m • ~ ;J~ B ~ 0\ ~ ~ $ 0. 

t • J .... g .... c:J .! 
, 

~ ~i ~ 0 , 0 ;2 ~ .... rg , CQ CQ r4 ~ til I 

(g • f , 
0 
Z t • • • • • • • • • '. • • 0 

.. 1" tr) • M N M ~ It) \0 I"'- (Xl 0\ MQ. • 



Correlation 'with total yOlk oholesterol. 

The ganetie oorrelation was low wit.h a large standard 

error while the phenotypic and en~lronmental correlations 

were very high with small standard error. However, tm 
reliability of genetio correlation obtained is ~estionable 

due to a very high standard error. 

Correlation with plasma cholesterol. 

Tbs genetic, p~notyp1e and environmental correlations 

wore very high bett'l$sn th3se two characters indicating 
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very olose genetio, phenotypic and environmental .relationship 

between tba oharacterlJ. 

Shape index. 

TQe qenotlc. phenotypiC and envlro~~ental correlations 

~lere uniformly low indica.ting that the shape index wae 

independont of the ~holesterol concentration in egg yolk. 

:2. Correlations at 40 weeks of age I 

The estimates of genetic, phonotypic a.nd environ~ntal. 

corralat1.otls of m~,.cholesterol/g.yolk at 40 weeks of the 

Qge of tha bird with production traits are presented in 

'labl e :tv. 

Correlation with bod] we1qht traits. 

Correlations with hatc:h weight, body weight (20 weeks), 
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tfaight. at maturity, ttalght (40 W30'kS) ware estimatod • . 
Tha qanotic correlation of this character With body weight 

traitD waro qonarally positiva and low except it vaa 

negative with body weight at 20 woeka. The phenotypic 

and onvironmental correlations uare lov. 

CorrQlatlon with age nt maturitya 

Th3 genetic corrolation was low, vh!le· the phanotypic 

and .environmental c:orrolll·tions, wra vertJ lo\~. 

Correlation ~th egg t101ght. 

Tha qanGtic: and environmental correlations .:aro low, 

whtle the phenotypic corralation was very low. 

Correlation with yoll~ wolqhtc 

73 

The genetic correlation U'ss lOtf and phenotypic 

oorrolatlon t-Isa vary low, while th9 ~nv1ronment.nl correlation 

was high. 

Correlation with total yolk cholesterola 

Th9 gonetie, phanotypl0 an1 environmental corrolationo 

vore uniformly high indicating the close relationship 

b:at~raon th9 characters. 

Corrslation with plaama cholester.ol' 

Th'a genotic, environmental correlations vlare low 

while ths phanotypic corrolatlon was very high. 



Corrolation with ohapo indaxa 

TIn PMnotyp1c and anvironmontal corralations \-mra 

maditb-n tlhilQ the genetic oorrelat.ion \inS unreliable. 

Correletion with ogg mana: 

Tho gen3t1c ·and envlro~3ntal correlations ware low, 

while phenotypic oorrolation was vary 10\1. 

Correlation tdth egg nu.~oo.t'" 

~ho gonet10 oorrolat1on wao negative and low and 

ph'lQotypia corrolation waa vory 10w# vh1lo envlronmgntal 

correlation was poSitivo and low. 

3. Corrolationa at 72 t~ekG of agol 

Th3 oat1matso of ganotic, phenotypic and environmental 

corrolationo of mg.cholestsrol/g.yolk at 12 ~eko of ~ 

ago of th:l bird tlith otmr tra.1to are presontod in Tabla V. 

Carrol at,ion with egg ~rei9'ht I 

The gonotic correlation wao low and nsgative, whilo 

the phenotypic Gnd oDvironmontal corrolotiono ware vary lov. 

Corrclati.on \d th yolk t·mightl 

'1'b3 gonotic correl ation ~-ma nogot1 '10 and very high 

t1hile t.he 'f)h9notr>to end env!ron.mQntnl oorrolationa \'faro 

vary 10\1. 

" 
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Correlation 'With total yOlk cholesterol' 

'1'119 genetic correlation was low wh110 th-3 phenotypic 

Md environmental corrala tions ware very high. 

Correlation with plasma cholesterol. 

The qenatic correlation was low while tb3 pheno't:ypio 

end environmental correlations ware very high. 

Wi.Jh.. 
Correlation ~ shape index. 

The genetic correlation was po.1t1ve and high. while 

the phenotypic and environmental correlations were very 

high. 

b) TOtal yolk cholesterol wi~ egg production traits. 

1. Correlations at 32 weeks of 8gf11 

The estimates of genet1c# pbanotypic and environmental 

correIa tiODS of total yolk cholesterol et 32 \Meks of the, 

age of th~ bird with production traits are presented in 

Table VI. 

Corrolation with body weight traitsl 

Correlations with hatch weight, body Wight (20 weeks)' 

weight at maturity, body weight (32. weeks) were eatimat1!Jd. 

The genetic correlation. with body weights ranged from 

0.0343 at 20 weeks to 0.7251 at weight .·t maturity showing 

the magnitude of genetio relation.hip was variable at 
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d1fforont ages of th9 bird. Body we19ht (32 woales),. , 
wight at maturl ty had h1qh and very high qQnotic 

rolation ttith the character. TM phenotypic eorrolatlons 

ware VQry low and nagstlva to hatch weight, body t1alght 

(20 ",,~eke) Gnd ~1qhi: at maturity. 'l'h~ environmental 

oorrolations ~re very 10'--1 and negative to body waights. 

Corrolat1on With 8110 at maturity. 

The genetic correlation tme spurloun. l'!n phonoty)1c 

and onvironmental cC)rrelationa wre vory low. 

Corrola't.lon wi tb egg \%light t 

Tha ganotie correlation una medium, while phenotypic 

and environmental correlations \lOre high and lott 

reGpSCtlvaly. 

Corrolation with yolle weight. 

Tha genotic correlation was opurious, while phenotypic 

and enviro00l3ntal correla tions tmrlJ high. 

Correlation uith plaama cholesterol. 

Th3 genetic corrolat1on was low WMt'OllS too phonotypic 

and onvironmontal eorralntiona uaro vary high. 

Correlation with ohapa indoxi 

'l'h9 qenatic# ph3notypio and environmontal corral ations 

woro low. 

io 



2. Correlations at. 40 veeka of: age. 

"Th3 ootimatos of genetio. phenotypic and onvlronmental 

corrolations of ~otnl yolk cholesterol at 40 w.Jo1cs of 

tha age of the bird with production trai to are prGoontod 

in 'l'GblQ VII. 

Correlations \>I1th body W3iqht traits. 

Correla.tions with hatch troiqht, body waight (20 \~eko). 

waight at maturtty, body \1e1qht (40 t;'Qeks)' ware est.1m:lted. 

Th3 genetic corrolat1ona \'r.lt:O very low and negsti vo 

oxcept. voiqht at maturity wlnr{)n it wns very 10\1. The 

pi13notypic correlations warE) very low and negative. The 

environment.al OorrGlat1ons wara low With all char actors 

excopt tilth body wo!ght \1'heroln it wae madiuro. 
'-" 

Corrolation with age at maturity. 

Th9 genetic, phenotyPic and environmental aorrolationa 

\13re very loti. 

Correlation with ogg voight. 

Th3 gonetic corrola tion ws nagativo and vary low, 

while p~notyp1Q and anvironmen~al c:orrelatlono ware 

poo1ti"e and m3dium. 
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Correlation with yolk weight. 

The genetic correlation va. low, wbtle phenotypic 

and environmental correlations were high and very higb 

reapeetivaly. 

Correlation with plasma oholesterol. 

The qenetia correlation W~5 low, whtle phenotypic 

and environmental co;"relations were high. 

Correlation with shape index. 

Tbe genetic correlation was very hiqh. ~ 

phenotypj,c and .nvironmental oorrela tionlS also were 

VS~ high indicating closo relationship between th$ 

oharacters .. 

Corr.lation with egg mutu 

Tho genetie, phenotypic correlations were low whil. 

environmontal correlation was· medium. 

Correlation with egg m1~ber. 

The genetic oorrelation was high while phenotypic 
.Qct..) 

and anvironmental correlations ware ~ indicating a high 

genetic ~j~tionsh1p. 

3. Correlations at 72 weeks of age. 

The· estimates of gsn.ticl phenotypic and environmental 

correlations of total yolk ohole.terol at 72 weeks of the 

aq. of the bird with other production 'traits are presented 

1 n table VIII. 

• I.". .. · 
t-' 

78 



I 

• , , 
• 
• 
t 

I C') 

• 6 ''D 
• to ,... 
t e 
.~ 
.0 
I 

t 

I 

I 

t , 

• , 

J 

• 

c 

• 
« , , , 

, . . 
t:l , . . 
Cl'l 

t • 

, u ..... · ~-
• , 
• 

• 0 Cl4 , cl.l 
t 11- t 
t Q; , 

t 
i • 

f.tl 
• • I ttl 

f 

• 
t u • ... . 
I 4)- , 

: J~~ ': 
r 

• 
i 

• ; 

J 

• , 
i 

• 
• 
• 
I 

• 
• , • ..., 

0\ 
\0 
\I) 
o 
• o 

M 
en 
N 
til 
• o 

~ 
• o 

4D m 
\0 ..., 
• o 

• N 

N 
til 
~ 
Q 

'. o 

~ 
U'l 
• o 

0\ 

!?l .... 
• o 

Q) 
N 
o 
o 
• o 

t-
~ 
o 
'. o 

rn 
"dt 
o 
• o 

.... 
l' 
til 
U'I 
• o 

, 
• 
l-

t , , 
• 
t 

• 
f 

, 
• 
I 

f , 
• 
• 
I. 
t 

• , 
t 

t 
; 
I 

• 
f , 
I , 
f 

t 

• 
I 

t 
t , 
• 
• • 



Correlation with I3gg woiqht. 

Tbg genetie correlation traG 10\,1 and nega:tivo. Th) 

phenotypic and ~nv1ronmantal correlationo ware high. 

Correlation uith yolk waight. 

Thp gonot1c corrolation 'tfaa 10\1 whila pmnotyp1a and 

onvlro~mantal corrolations were 111qh. 

Corrolation with plasma cholosterol. 

Th3 ganaUe correlation was 10\1 whila tlU pmnotypic 

and environmental corro13tions ware vary high. 

Correlation with ohapa 1ndoxt 

Tho ganeUe oorrolat1on tnlS high while p~notyp1c and 

anv1ronmontal eorrolationa ~~ vary low. 

II Plaama cholesterol. 

This character had clooe relationship t1ith ogg yolk 

cholastorol and its atudy would bo uooful in early 

aolection of birds for 10'21 egg yolk cholesterol. This 

charactGr was studied in both ooxoa at 32, 40 and 12 woeka 

of age. 

i) t-ban val UOG • 

Moan values with standard arrer and coofficiont of 

variation are praoantod in Table IX. 
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Ago of 
the bird 
(waaks) 

32 

40 

72 

Pooled 

Poolod 
over sox 

TABLE IX 

MEAN'" V"ALtJES OF PLASMA CHOLESTeROL 

Mean 

S.E. 

c.o .. v. (%) 

S.E. 

Nuzn}:)er 

Mean 

S.E. 

c.o.v. (%) 

Number 

Moan 

c.o.v. c,,) 

Mean 

S.E. 
C.O.V. (5~) 

Plasma chOlesterol (mg%) 
~ - ... ,_ ... -- -- ... ... .. --

Malo Vemalc .......... .... _ ......... ' ...... 
173 696 

146.24 157.69 

2.1.259 0.9161 

19.1216 15.3246 

173 696 

170.10 189.97 

2.2756 1.2846 

27.5957 17.8417 

173 163 

224.50 216.13 

0.9943 2.8371 

5.s100 :1,6.7594 

519 1555 

UJO.1937 

1.8066 

22.8200 

2014 

178.74 

0.8242 
20.99 

1713.2500 

0.9200 

20.3400 

----------------------~--



Plaama cholesterol (119%)' 

a) Male. 

The _,an values rangad from 146.24 mq percent elt 
~ 

32 weeles to 224.50 m'J percent at 72 weeles of age with 

gradual increase as the age of tbJ bird advanced. Tho 

coefficient of' varia'tion of the pltuzma cholesterol was 

bet'l:1e"n 10.21 to 21.60 percent. The pooled mean over 

all ages was leO .19 Dt'J percent. 

Tm differences in the mean val uss at different ages 

were hiqhly slgnifiQant (p..( 0.01). 

b) Pemale. 

The mean plasma ehole$terol values ranged from 

151.59 at 32 weeks to 216.13 mq percent at 72 weeks. 

The 1neroaee in values of the plasma cholesterol was 

noticed as the age of the bIrd a~vQnced. The pooled mean 

ovor thD ages was 119.26 mg ,percent. The coefficient of 

variation of tbt ehar~c:ter was between 15.32 to 17.94 

percent. Tlw d1ffenBC$$ in the l1'lean value3 at different 

aqea _re highly signifioant (P.(O.Ol). 

The dlffeJ:'lJnc::ss in the tnean values of males and 

females ""ere hiqhly signIf1oal'lt (p < 0.0 1) at Giloh aq$ 

grO\1p as well u for pooled meana over th$ age.. Femal •• 

had larger values than mal.a. 

,Vu 



1i) Heritability. 

ibr1tability was worke4 out for the pluma chol.sta~ol 

~ u.ing 113 and 696 progeniea of males anf,l females 
I " 

, respectively belonq~ng to 29 sires. The ntean squaros 

and estimates of heritability with the standard error are 

presonted in treble X. 

a) Male. 

The heritability estimates _ra 0.7129, 0.7169 and . 

0.7487 at 32, 40 .and 72 weeks of age respectively .. 

indicating more or less 81m!lar high heritability at 

t~se sq... Significant sire diff.rencas at all ages 

indicated sires as e large eource of varlt!1t!on for plasma 

cholesterol. aut the pooled estimate over all aqes was 

0.7542 with a standard error of 0.0965 ind1catin~ the 

heritabillty of the char~ter was h19h~ 

b) Pemale. 

The heritability estimfttes were 0.3187, 0.2970 and 

0.3054 at 32, 40 Md 72 _<!ks of age AepectdvQly 

indicating 5imilar hbritability. The heritability 

estimates ware _d1um. aut the poOled estimate over all 

ages was 0.3057 with .. standard error of 0.0967 indioating 

th3 mr1tab111t.y of the character was medium. 

u~ 



TABLE :X 
pt,AStJJA CHOLESTEROL 

ESTlt1ATE!S OF 
HSRITABILl.TY OF 

---------------~-------------
Age of SOIA. vc.et. e{ 

Mea.n squares ---,-------------df Female 
the 'bird 
(weeks) 

v",y~o...t(.on. df ~1al~ 

-----------------------------, 3072.0.>ik* 
1455.80 ** 27 

Between sires 27 
, 

I 

\>lithi;l sires 145 

32 fbr1tabi1 ity 

Standard error 

Between sires 27 

Within sires 145 

40 ~rlta.bilitY 

standard error 

Betwnn .ires 27 

within aires 145 

72 Heritability 

standard error 

li.n:! tab! 11 ty 

pooled 9tandard error 

650.70 66B 

0.1129 

0.1493 

1672.20~* 

744.66 

0.1169 

0.1597 

1753.69·· 

6B9.00 

0.7497 

0.1437 

0'.7542 

0.0965 

27 

668 

27 

135 

972.4 

0.3181 

0.1490 

3427.0** 

1142.0 

0.2970 

0.1230 

2080. 1 *' 

1349.1 

0.3054 

0.1214 

0.3057 

0.0967 

-----------------------------
** Highly significant (P,L. 0.01) 
.. Significant (P <. 0.05) 



1'bII sir. differences for this character also were 

present at all the ages. 

iii) Corralatibna with egg production 'traits a 

a) Halas 

1. Correlations at 32 weeks of ag'S = 

The filstimatss of qfJnet1e, phenotypio and environmental 

c::orrelations of pl asma cholasterol (32 weeks) wit.h body 

weights end plasma. cholestorol level (40 weeles) are 

presented in 'I'abl. ~ ~ .. 

Correlation With body weight (20 weeks) I 

The genetic eorrelation was high while phenotypic 

and environmantal correlations were low. 

Correlation with body weight (32 weeks) t 

The qenetie correlation was low while phenotypic 

and environmental correlations were high. 

Correlation with plasm. choleaterol (40 weeks" 

'!'he genetic correlation wae very hiqh. TM phenotypic 

and e.v1ronmental correlations were high indicating a 

alosa relationship with these two che.ractars. 

2. Correlation" at 40 weelcs of age. 

The genet1c# phenotypic and environmantal cor~elation. 

of plallma cholesterol (40 wC!lts) with body wa!O'hts a.....-e 

presented in the Table ~ ]<011· 



" 
of t 

.... 
I ~ 

, I 
J 

~ 
, 1 c:: • t 

I ~ 
0\ N .-Jt 

I 0 ttl 0 
, 

..l c- <' N C"'-

O t t e .r · ('11 ~ CO , 
~ 

• • • 
~ • ''''''- , 0 0 0 , 
(J) 

, 
I ~ t • 

~ • • • 
~ 

0 If) N , • • I \0 \0 If) t 

U i 
tl \0 lfl .... , • , 0 0 0 t 

~-
(/) • • • 

I • 0 0 0 • 
5ti • I I 

I 

n.~ '8t~ • M (() • - t.n 
CJ~ t li I ~_ , ..... <dt If'I • 
°13 ~ 

..:I' CO 

ttO'OP~ 
, ~ en ;t 

~~ .-4 CW • • • 
O~ 'e'!- , 0 0 0 • 
HO t ~ • C4 I • 
~ 

O· , 
\><\ 

...,~ u , • I'l t"'" ~ 
f:l M 1 • I til ~ 

~~ 
M t"'" t'-

I • • t N """ 
0 

til • • • 
U~ 

, • 0 0 0 

~ ~~ 
t I 

~ 
f;!i.1: 1 U 

, t 

jG .11- S m t"-

~(J) • 
\0 t 

f.-i I 8 J.lo 
t'. S lfl 

.... t ~ 0\ I 

o~ 
(1'- • • • 

~f-I 
,0 t 0 0 0 • 

t;tt: t • 
M~ :5 

, - - 0 I 
til CD ~-

Cl~ "Sa t 1 ~ 
,_ (fj 

• 
2'0 

0 
~~ 

;'i~ 
.-

I ~ 
.... 0 I 

'0 t' ~ e~ 
~~ .8-M • • 

0 N (1) 

~~ 
roc> t N M .v , 
.... .-. - - (J) 

t E's 1 CI) I 

e ~ 
. .1) .-I 

...... t 0° 
, $ ~ 

, 
S! 

01 
t o~ I .... .... t 

~ ~ g , (1.)t1l • ~ 
'III 

,,",CO 

~ -a-a 
, 

~ ~ 0) 

ro «I 

~ 
, 0 2 r-l 1 

~ 
8 tn p,. 

I • I 

ti I • f 
I 

0 

• ~ I • 
• • • • , til • .... ('13 I'l , 



r-I 
I I $ I 

• • r:: M M 
, 

~ Q) r--
..:l 'a- N co r-I 

a1 C") 10 Cl 
I f e a.F M ~ M 

~ • • • • ...... - 0 0 0 
(I) > 
M t r:: 
..:I t::l 
0, I " :t 0'1 \!) 10 

~'o I • N "d' co 
M \0 III U1 

~- • • 0 0 0 I 
(1) • • • 

~~ 
I 0 0 0 , 

• Ci'l • ,s ..., r c ,.... 0 ,~ (t) (t) M 
o rtJ , .... 10 N .-f 

(!) ..., 
t 'MP. ~ r-- M 

~.:t f ro <Qt 

"'" M os.; • • • 
O~ · ~ I .s- o 0 0 
HO 
8 , '" • 04 

\~\ 
:§~ 0 

10 I 
&1 r:r.1 0\ 0 co , • 0 III .-f 

~~ ~ co .-f 0 

ft • N ...., ...., 
00 (1) • '. • 
...::l~ I 0 0 0 

ti ~~ 
, • 

~ • • u ~~ .:1- \!) \!) ~ 
t ~ 0 0 f 

H I ~ s.;~ .-f 0 <Xl 
oo:t r "til ,.., 

~f I 
o:~ f ~- • • • 
~o: 

, 0 0 0 , 
Mru ~ - - -
~~ 

..., ttl CI) U) 

I -ri.-l )!. ~ ~ I 
~e Q) 11) Q) :z: • ~ ~ i I 

08 'OQ) 
H .... 0)"" 
~~ ~~ 0 N 0 

N M ~I 

r-If""f - ..., -
~.8 f z +' ;g ;g 

~ I ~u .c: 
tJ'I 0\ 0\ 

04 , um .... orf orf 

• f u)u) ·m ~ ~ 
~ 

.,.,rtI 
'f "jJr-I >r ~ >. 

E-t ~p. '0 ro 
~ 0 0 0 

ttl III txl 

~ 
1 • I t g I t • • • • I (I} , ,.., N M 



Correlation wit,h body weight (20 weeks) I 
A 

The gene,tic corrolation was high while phenotypic and 

environmsn~al correlations ware medium. 

Correlation with bOdy weight (32 weeks) I 

Tho genetic correlation was low while too phenotYh'.)1c' 

end enVironmental corrolations were high. 

CorrelatiQn with body weight (40 weeks) I 

The genetic and phenotypic correlations were high, 

while the environmental aor~lat1on was medium. 

b) Pemale. 

The plasma cholesterol was correlated with the 

following production traits I hatch ~Te1qht, body weight 

(20 weolea), agG at maturity, weight at maturity, body 

weight (32 _eks). body weight (40 weeks), egg weight. 

yolk weight, mq.choleeterol/g.yolk. total yolle cholesterol 

and sherpa index, to studt/ the relationship between thO 

plasma cholesterol 'and the measurements Qf egg yolk 

chol$sterol as wsll as production traits in relation to 
Q"w 

selection of birds for~eholesterol level in the pQpulation. 

1. Carrolatlon at 32 waa~s of aget 

The astim~tes of qanotfc. ph~notypic and environmental 

83 
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corrola,tions of! plasma cholesterol at 32 weka of the 

age Of tho bird with production traits arc prosented 

in Ta1)la 'rm X'" . 

Correlations wit~body ~lght traits. 

Correlatiqns with h:ltcb \i91'Jht, body wight (20 'Wanko), 

weight at rnutUrity# body WOight (32 w3ck3) were estimated. 

Th3 genatio correlations wit~h body weights varied from 

0.1387 at 20 waeks of aqa, to 0.1511 at hatch showing the 

magnitude of genetic rolationahip was variable Qt 

d1ffarent ages of ths bird. Hatch 't1e1ght and ue1ght at 

maturity had a vary high ganeUa eO%,;'el&tion. Tha 

phonotypic and envlronmantal correlations were very loti 

in gonoral. 

Correlation t1ith age at maturity: 

The genetic correlation was negative and fairly' 

high while phenotYPic:: and environmental corrolations 

\'Jere low indioating a high negativo genetic relationship 

mtb ago at maturity. 

Corrolation with egg ~19ht. 

Th9 qanotic cO~lation was very low and tho 

phenotypio corrE)lation was matU.\1.rn, t:lh11e th3 oovironmantal 

correlation was lOW. 
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Co~rolatlon with yolk WOightl 

The genetio corrolation tlas medium and negativo. 

Ph3notypic correlation ttaG high and environmental 

correlation t/as 10~1. 

Corrolation with mg.ehOle$tQ~ol/q.yolKt 

Tho genetic, pb3notyplc and aavironmental correlations 
" 

~re poaitiv~ ~d vory high betMeen these two eharactero. 

indicating the very. otooe .relationship betweeQ the 

aharaaters. 

Correlation with total yolk cholesterol. 

rrh9 qsnetie corrolation was 10\4 while the p'h.enotyplc 

and envlron.'U3ntal correlations Were high. 

Correlation with sha9Q indox. 

Tha genetic, phenotypl~ and environmental correlations 

ware love 

2. Correlation at 40 ~3aks of age. 

1h9 ostlmates of ganotla, phenotypic Qnd environmental 

corrolations Of plasma cholesterol ct 40 troaks of tin 

age of tha bird \11th pz:ooduotion traits l:lre prosented in ---Tabla ~ XIV • -=---

Corz:alation;.,tdth body weight traits, 

Correlations w,_·tb hatch wa1ght, body weight (20 1:301(9) 

weight at maturit.y, body weight. (40 weeks) t-4Qra ()otimated. 
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Tha qanoUc correlations with body UQ1ghts varied 

from -0.4575 at weight at maturity to .1.2440 at hatch. 

ohowing tho magnitudo of genetic rolatlonship was variable 

at different ,ages of tha bird. Hatch weight had a 

spurious genetio correlation. Tho corrolation with' 

t1G,lght at maturity was highly nogative and with body waight 
... 

at 40 \cTaoks tfaa very highly negative. Th:l ph3notypic 

correlations \'SarO very low. Environmental correlationo 

were also· low \dth all traits O~Qpt mth body ~lght 

(40 t:3eks) t1ba~ln it was high. 

Correlation t:1i th oqg t;.:)ight . .a 

The qanotlc corrolation was low and positive. 

Tha pmtlotypie eorrol~tion vas medlu.rn, \fhile t~ 

onvironmental corrala tlan was very high. 

Correlation t11tb yolk troight. 

Th3 gonotic corrolation was low and posltiv~. Tho 

pbonotypic corrolntion vas high whils the environmental 

corralation ttaa medium. 

Correlation with mq.dholosterol/O.yolkl 

Th3 c;pnotic corralation NaG low a1l11Q t.he phenotypic 

c:orrolaUon was vary hiqh. Tin onviroooElatal correlation 

waG lOtte 
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Correlation with total yolk oholesterol. 

The qe.netto correlation was low, while the phenotypic 
~ 

and enviromoGntal correlations ware high. 

Correlation with shape lnde~. 

The genetic correlation was s~ur1ous# while the 

phenotypic: correlation ,~d environmental correlation 

were high. 

Correlation with eoo mass. 

The 9.netic correlation was high and negative. 

Phenotypio correlation was low. Environmental correIa tion 

was vary hiqh. 

Correlation with egg numberl 

The gen.tic corr.latioD was ve~ high and phenotypic 

and environmental correlations were medium. 

3. Correlation at: 72 WIIau of agel 

The estimates -of Qenet:io" phenotypio and envlronmente1 

correlatiQns of plasma cholesterol with other traits at 

72 weeks of aqe of the bird are preaented in Table Iiiij. Xv. 

Correlation with egg weight. 

The genetio correlation was low and nega.tive while 

the phenotypic ~nd environmental correlations were high. 
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Correlation with yolk weight. 

The genetic correlation was low and positive while 

phenotypic and env1ronmetntal correlat.ions wera high. 

Correlation ,,11th mg.eholeeterol/q.yollu 

The genetic corz1tlatlon was medium, while tm 
t:>honotypic ,and environmental correlations were vary high. 

Correlation with tOtal yolk cholesterol·: 

The genetic correlation was low, while phenotypio 

and environmental correlations ware high. 

Correlation with shape index. 

The qenetio correlation wae very high and positive 

while the phGnotypic and env1ro~~ental correlations were 

very low. 

III Cgg production traits. 

TOO study aims to I!tudy the inheritance of ogg yolk 

cholesterol and plasma cholesterol and their genetic 
I 

relationship with other Im!)Ortant egg production traits 

80 that saleetion for low eqg cholesterol Cart 'be 

practised 'irt.l.thout affecting the economic traits in 

poultry. Since the· production traits were correlated 

wi t.h cholesterol measurements the information on the 

average values and the heritability of the production 

tra1 ts were studied. 
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The me.all va1~es and heritab1lity estimataa of the 

produotion traits are presented in Table YNI. 

i) t~an val ue~ .. 

In the PQ?ulation studied the ~e~n values of hatch 

weight was 36.52 q and age at sexual maturity 155.59 days, 

The body weight inoreased from 1051.19 9 at 20 weeks 

to 1399.42 9 at 40 weeks of age with a qradual increase 

as the age advanced. The egg weight ranqed from 45.19 g 

at 32 weeks to 57.00 q at 72 weeks with a gradual increas. 

as the age advanced. Similarly hard coolted egg waiqht 

inoreased f.rom 44.41 g at 32 weeks to 56.17 g at 72 weeks. 

Thore was increase in yolk \'lelght also from 13.47 9 at 

32 weeks 'to 19.72 q at 72 W(!eks. However, shape index 

remained th3 same throllgh ages. The egg nU:1lber was 64.55 

e~gs and egg mass was 3135.98 q at 40 weeks of age. 

The var1ab1J.ity in all the traits ranged fr~'n 4.64 

to 15.14 percent. 

1i) Estimates of haritabl1ity. 

The Elstimatea of b!r1tab111ty for all the produet:1on 

traits under study wsra low in general in the population. 

Only in case of body weight traits they were medium. 



'I'ASLB XVI 

. f.1EAN VALUES AS]) ESTIMATES OF HZnITA9ILITY OF PRODUCTION TRAITS 

~ _, ~.~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~, - ~ - - ~ ~ ~ ~ ~ - ~. ~ -~ - ~ ~ ~ ~ 

S.NO. Traitts Age 
Hean + S.E. C.O. v. 2 

(weeks) n h + S.E. - -
----------~----------------------~ 
1. Hatch waight(g) G9G 36.52+0.11 - 7.94 O.2238±.O.OO 
2. Body tm1ght(g) 20 696 1061.19+5.08 - 12.63 0.1194+0.19 -3. Ago at maturity 

(days) .( 696 165.69+0.29 4.64 0.1965+0.01 - -
4. Weight at I 

maturity (9) ,. 695 11"92.46+5.62 12.44 0.1012+0.21 - - -
5. Body weiqht(g) 32 696 1325.18+4.40 - . 

8.75 0.3059+0.16 -
40 '696 139a.42"'~;'49 - . 

12.24 O.1519,±O.24 

6. Egg traight (q) 32 696 45.18+0.13 7.55 0.2552+0.12 - - -
40 696 48.37+0.19 8.62 0.3281,"0.14 - ' 

. " .-

72 163 57.00+0.39 8.76 0.2389±0.O7 
. -

7. Hard cooked 32 696 44.41+0.13 1.91 -ogg weight . (g) -
40 696 47.49+0 .. 19 10.77 '_ -72 163 56.17+0.39 - 8.90 -

a~ Yolk 'tmight(g) 32 696 13.47.:tO.04 7.99 0.1566+0.09 -
40 696 14.67+0.07 

. - 14.19 0.1621+0.04 -
72 163 la.72:;tO.13 9.64 0 •. 3852+0.05 -

9. Shapo index 32 695 72.95+0.16 - s.as O.1S2S_tO.06 
40 696 72.66+0. 30 11.06 0.1998+0.09 - -72 163 72.92+0.24 -- 4.19 0.1396.1:.0•07 

10. Egg numoor 40 696 64.55+0.36 - 14.80 0.1620+0.07 
.- ~ 

11. Sqg mass (9) 40 696 3135.88:,17.99 15.14 0.2927+0.12 
, -

----~~_---------~------.----------
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DISCtl'::'JIOKr 

The .~uay on q4$oet1c basis of ogg yolk cholestGrol 

'Gas aimad to detGrmine the inheritance of ogg yol.k choles1terol 

as well as the plasma choleatarol and to estimata too 

gonotic rolationship of thano t\>10 characters with other 

oconomically 1m?ortant egg production traits in poultry. 

It is thn o'JjaotivQ to eXplore the pOllsibi11ty of d3velop-,' 

ment of linea of poultry "d.th low egg yolk cholesterol 

without deterioration in tho other economic traits in tha 

lines to be· devol oped. 

The age of the birds WS.B also cOlll!Jldered since the 

egg yolk cholesterol content changes with age. mg.ohol.starol 

per gram yolk and total yolk aholC!tsterol were takon at the 

llgea of 32.. 40 and 12 wclat. The plasma cholesterol was 

also lnelu~8d in th~ study for the possibility of earlier 

selection since thin character was highly relatad to egg 

yolle Ci!holQs~rol" 'l"he ?lasma coo' o::;terol was studied in 

both S!3xes. 

I Egg yolk oholesterol. 

i) Moan values of egg yolk cholesterola 

a) mq.oholGsterol/q .. yolkl 

The populatio:l when pooled over agos hac! a mean value 

of 16.87 mq with a coefficient of Y3.riatl:ln of 16.30 percent. 

Considerabla variation was found among various species and 



inbrod lines in the ooncentration of cholonterol a, \«l11 

as the total amount of oholesterol per egg (r-71cho1as S!t al., 

1963, Chavous at a1., 1965 and Bair and Marion, 1978). --
The value obtained in the present study was slightly higher 

thtL., that reporteel by Chung !oS.!l. (1965) I vleiss !!t. !!.' 

(1957), Rangaehar ~!l. (1970', Bnrtov ~~. (1971), 

Lall and Slinger (1973), 9sir ~nd r1arion (1979) and -

Hollands st a1. (1930)" but lowerer than that ro;>orteu by 

Fisher and Loveill0 (1957), C~$ and Helbacka (lg60), 

Daghir at al. (1960) , Herr! s and Wi lCOlf (1963) .. Lenora andi 

Marks (1965), Chand and Sapra (1973), ~'lashburn and Nix 

(1974a), Chand ~ !! (197~) and IU1qlin and Briles (1990). 

This value aonourred with Miller and Denton (1962), 

J«idchodkar ot. a1. (1976) and Beaker et ale (1977) • ........ .___ ._._, ........ 

The d1fferanees 1n the strain, age structure of tbs 

population as well as the method of estimation might have 

cootr1buted to the discrepancy noticed. 
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The val'ls of the character increased with advanein-g- age. 

This concurred \.,ith. r..farch and Bai.ley (19S9) end Rae !£ !!1~( 

( 1964),- but Turk and Sarnet-t ( 1971) found that cholestero~ 

eoncBntration was not effeoted by ben's age. Cluind ~ !l~ 

(1918) stated that yolk lipids dId not change significantly 

upto 12 months of age in Australorp. 
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l) Total yolk cholesterol. 

The ovQrall mean yalue was 246.ermg with a coefficient 

of var1a't!orJ' of ~3.01 percent. The variability of this . 
maasurement was more when compared t11th mg.oholesterol/g.yOl'k. 

Too I'eSlilts of thtl present study were in a~emel'lt 

~ith that obtained by Becker !1!!. (1917). Siml1~r to mq~ 

choleaterol/g.yolk, the vsluee of total yolk cholesterol 

increased with advancinq age. 

11) fbri tab!l! ty. 

The haritabl11cy estimates of mg.oholQsterol/g.yolk 

war. found to be 0.2415 + O.140a~ 0.2377 + 0.0412 and 
- - -

0.2955 ± 0.0146 taken at 32. 40 and 72 weGks of age with an 

overall pooled eDti~atc of 0.2866 : 0.0137. All the estimates 

ware modorate and· of si~ilar magn1tudQ with astimataa at 

highs%:' ages b3ing mora precis"J in viow of ~al1er standard' 

errors. 

~bo horitab11ity .~timate8 of total ogg yolk oholesterol 

recorded at 32, 40 and 72 waaka or aga \iiSre 0.255b.:t 0.1260, 

0.2210 .± 0.1104, O~2239 .t 0.3794. The estimate when pOOled 

owtr nll the age$ waa found to be 0.2355 ± 0.091.1 •. I'M 

standard error of -the OtrtimatoB eS!'Qc1ally t'll'wn tI~- tn3,)suras 

trore ta.k~n in older hans were high com,ared to that of 

mg .. chole8terol/9.YOlk~ Although too ostinn.tGa of mrit.ability 



for bottl measures of cholesterol \'1ere the sa1le in all the 

age grou?s ! ~ apVears that mg.chOlosterol/g.yolk woul<t be . 

a batter r.u!ssura in Vi.'f 0'" the smaller sGm::>11nq errors of. 

their heritability E)s,timates. 

Becker et..!L. (1975) contrary to the pranant finding. 

h~vo observed a higher ~ritab11ity 0.31 for total yolk 

eholeflltorol compared to 0.14 for mg.c:holesterol/g.7011t. 

Becker et a1. (1977) have concludod t~t the higher _._ 
heritability for the total yolk cholosterol than the mlj'­

cholesterol/g.yolk might be due to higher 'hor.1tabil!·t'.y of 

egg yolk which is a component of mg .. cholostorol in total 

yolk. The CiisagreCilment of the present study 'with that of 

BetCker !.'S . .!l. (1975) might be related to lOW lDritab11ity 

of yolk weight 1n the strain used tor the study. 
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'!'he range of had tabi11 ty estimatGs ra:")Orted 1n too 
literature was from 0.14 (a·ecker 2!: !l., 1975) t.o 0 .. 43 

(Jaffa, 1964) for mg.cholesterol per gram yolk. The values 

obtained in too present study were wi thin thi$ ranqe and (pa..,8 

in oonsiDtent ,,11th thos~ ranorted by Ali !j:!!.. (1974) 

Cunningham ~.2.l. (1974) and 13eeker ~. al. (1977). 

There W!!tA only two ostimates (Dacker 5!!_. 1975, 

1977) for total yolk cholestorol and ware 0.31 and 0.27 

respectively. The present. estimates ,,;are not much 

different from those reQorted earlier. 



nirG oompona~t of variances for mg.cholestorol/g.yolk 

wara significant 1~ all age orou~3 while it wa5 significant 

at 32 aod 40 '.-l3'lks ag3 grou;>s in th:.l case of total yolj~ 

eholastarol .. 

This indicates that tho genetic vuriabili.ty for M~h 

cholatiterQltg".yolk is Clore consistent with advancing ege 

than that of total agq yolk cholQsterol possibly duo to tho. 

confoundiog effect of the yolk weight. Gan.tie variability 

for mg.cnol.sterol/q.yolk Wa:J also reported by Harris ana 

Wilcox (1963) and ~lashburn and ~iix (1974). Bar.ria.and 
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Wilcox (19G3) demonstrated a a1gn!ficant d~~ family difference 

while i'lashburn ond tUx (1974) da.-nonstrutad a significant 8ire 

flt'!l11y d1ffereoco. Th:3 modornte heritability for the tr~1·t8 

obtninod 1n the study su3;aated trot family selection ¢¢ul1 

be of WS() in alterIng the level of oholesterol in the egg 

YOlle in too desired direction. mg.cholasterol/q.yollc woul~' 

be a bettor of the two measures 1n viow of lesa variabil.ity 

and bias duB to oonfounding effect of yolk wa1ght. 

11i) CorrelatJ.ons with egg pl;'Qductlon traits: 

a) Correlation With body weight traits. 

'l'hs grane tic# p~nbtypic: and environ~9ntal corrolationSf"9 
I 

m..j.chOlesterol/cr.yolk and total yolk cholosterol with hatch 

weight and m(ttura lf9ight3 taken at 20. at first ogq_ 32 and 

40 weoko of age were computed. A high genetic e07;rala:tiom 



Of mg.aholesterol/q.yolk vas observod with hatch wight. 

All t.he rest: of tM oorrelation were either loti" or moderato 

invariably "'ith largo standard errors indicating that tha 
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aholo:Jterol meanures \'1111 have no g''!netie sssOt:i,tion with 

mat:tte body we1Qh't. The phenotypic, anviro:-:ll'nen"!al e,orrolot1ona 
I ' 

bet\-lC':!ri th9 bo.dy tmight . traits and 'the eholesterol measurGG 

ttOr0 nearer to zero in~idnting Of no rela tionohip bat·N'sen 

thss13 tt;lits possibly tl'D physiologioal basis for aholsst0rol 

and thG body W'Oiqht traits are not the came &"'ld it could be 

possible to select for low cholesterol content without 

af-fcnoting the bot3y 'treight tra1to. ~re are no\ comparable 

studios availablG in tho l1terature wherein tha ansce.iation 

Of cholosterol contents with body weights uore 1nv~Bt1qatod 

in poultry. 

b) Co~elat.1on With sqe at maturltyr 

A. high nflt;;Ja'tive· qenetic oorrelation of -0.4291 .:t o. to 37' 

was obasrvacJ b3ttl1'esn mg.oholest.~rol/g.yol1< at 32 we~ke and 

age at maturity. Th9 to~al yolk cho10st~rol taken at 32 

WO(l'ks of aga had <l gonetio corrolation of mora than ono 

{nu1cating the lack of association bet~mGn tha two traits. , 

the genetic correlation; at 40 weaks with Qge at maturity 
wqA 
~ low. Tho phenotypic and onvironmental correlations 

between cholostorol content and age at matur1 t:::! wrs uniformlY 

l~t. Th3 resul to indicate t.hat saleet.1Qn for 10"111 mg.Cbt:Jl0storol/ 

g.yoU: at 32 \'1e~k!) might increase the. age at maturity whits 



em cholesterol _aaures ta'ken at '0 weeks would have no 

influence on tm age at t:1sttlr1'f:tl. 

c) Correlatlon$with egg number and egg ma ••• 

Cb)losterol contents of egg produced by hires at 40 

weeks of age ware invcstiqat£d for thctlr '1Qnatlc, phenotypl0 

and anv1ron!llant~l correlations with "qt;]. number and eg~ mass! 

upto 40 weaks 'Of ago. A rn.3dtum and negotive genetic , 
correlation. -of ogg nu:nber \fllS -:found 'l.dth m·1.ch?letftarol/':h 

ckole.5/::.e.veL 
yolk while tha gonetic correlation tfith total YOlk('t'1~S h10'h 

and po:sit1va. It .indicates that selaotion for low mg_ 

oholastorol/g.yOll; 1s unlikely to reduce. tl1e f,'!9cr number 

while it may be much less a fact whoa th3 selGction 1s for 

low total egg yolk Qholesterol~ The. genetio ·corrolatlon of 

egg macs with cholesterol maasures were p08it1ve and 

moderate. It may 1nClicate that there may be a tnarg1nal 

deareasa in egg mass for selection against chol.s~arol 
., 

contont. Tha pbanotypic (lnd environmental corralatio.raz of 

egg yolk oholesterol wI t:h egg number ~'1d egg mass W'::-l"Q 

positive and ranged from low to moderate. These findings 

were 1n contrast ,dth the findings of Cunningham ~ ~ 

(1973). Ali ~ 21.. (19"14)" Washburn and Nix (1974) who 

have re?Orted a negative l?heo~yple corralat1cm ootween 

egg produetion a~d eqg yol~ oho10st~rol. 

(1) Carrel atlon with eqg weight t 

TM measure of mg.cholesterol/q.yolk was found to be 
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positively cor~lQtad With 099 walght whan the egd 701~ 

cholesterol m3awroo t'l3ro takon at 32, 40 Wg'ks of i!'J.g$ 

and n~~;ptivaly cor,ralated wh:m it was taken at 72 t'iOQ1cs of 

ago. A similar ch~ng~ from positive to'nogativa qonotio 

corrolation w.;ls elsa o'bservod \,11th advancing aqe when tm 
egq weight wan oorrelated with total yOlk choleetorol. 

It waD alao 'obsorged that the genetic correlations 

of total yolk cholesterol with ogg' weight had larqa 

stamlard errors whila thoso with mg.chol"aterol/q.yoll< 

bad smnll standard Qrrors wh!m correlated with cholesterol 

measures taken at. 40 end 72 weales Qf age II 

The raoul ts indioate a pO.sible reduotion in egg wight 

wl»n nleet1on. 18 to be practiced against mq.oholestorol/g. 

yolk tnf!ssure on QOqtl laid at 32 or 40 weeks of' a9'O while the 

revaraa could be a factor when the cholesterol mtta.s'Ilre is 

taken on aqgs laid by oldor birds. 

The phenotypic and anv1ronmental eorralGtions vera all 

PQsitlvo and r:angad fro:;:, 10\'1 to moderate. Too res\llta of 

tho studioS on ptonotypic correla.tion of egg \1Oight tli tb 

egg yolk eholooterol oontent appeared in tho litoratur<t wore' 

variable. Cunningham (1?7~) ob"ta.1noC] no corrola'tioQ betweon 
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t.ho traits. Becker!S!!.. (1975) obtained a negati1Jet phenotypiC 

correlation. wb110 Chand ~.!!. (1978) found ~ positiVG 

phenotypic correlation. 



e) Correlation with yolk wslght. 

The genatic eorralnt1on of mg.ehOleeterol/g.yolk 
, _1". negative and very high at 32 and 72 weoko of age 

while'it was low at 40 weeka of aqe indicating that high 
? 

negative genetic relationship between these two traits. 

Hence. selection for low egg YOllt chOlesterol will be 

f'ollotzed· with inorease in yolle weight. fSowaver.·the 

correlation of total yolk choleaterol with yolk w.ight was 

low. 'l'hus the two measurements of the ml!!na trait viz. egg 

yolk cholesterol diffored in their rols.tion.hip with yolk 

we1qht. If the seleotion 1·s baaed on total yolk Cholest.erol 

there wl11 not be much effeot. 00 the yolk e1zo. The qanetic 

oorrelation obt41ned with mg.oholesterol/g.yolk and yolk 

wight was in agreement ~d.th tt:e results o}>tained by Harris 

and Wilcox (1963), ~.1ohola$ 5!l.. (1963) and Beckaz: 2.S .!1. 

(1975). Tha refNl ta indicated that selection for mg. 

aholeotorol/g.yoli{ taken on eggs laid at 40 weeks of age 

will not significantly alter the yolk t~1ght. Further a 

high environmental oorrelation between th$ traits also 

indicates tMt it may be possible to alter th$S9 two traits 

by attending to nutritional ~d other env1rOn!tlental factors. 

f) Correlation' wi th shapa index. 
w~,!> 

The qeo0tio correlation¢ ~ lOW at 32 weaks while it 

was ver; high at 72 Wa~ka., It indicated that seloction for 
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low egg yolk, cholesterol would affect shape index if 

selaction was made at 72 weeks. With the dholaaterol 

content of e09s laid at 40 _alas of age the shape ind.x 

seems to be positively correlated very high phenotypically 

and eovironmentally. The genetic correlation, with mg. 

ahole8terol/g.~olk waa unreliabla while that with total 

yolk cholesterol was high and po.ltive. The prediction of 

altera~1on 1n the shape index when selection is basad on 

mg.oholeeterol/q"yolk 18 not conclusive. 

iv)· Correlations ~~ong mg.oholesterol/9.yol~ total yolk 
cholesterol, and plasma cholel5teroll 

Correlation betwo~n mq.cholosterol/g.YOlk and total yolk 
cholo~toroll 

The genetic correlation of mg.cholesterol per gram 

.yolk with total yolk cholesterol was variable betwon age 

groups while t~ phenotypic and environmental correla~lon8 

between these two ~aits remained high throughout. All 

three correlations between these two traits wero, h1gh when 

the choleoterol contents were measured from eggs laid at 

40 \tw"'Ge'k;s of 80'S t1hteh may indicate that the selootion 

against sit.tor trait will lOt-tar the value of the trait. 

Corrolation batwaen mg.cholo3t3rol/g.yolk ~,d plasma 
ahole3torol. 
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Tho genetio phen·otyp10 and environmental correlation. 

between mg.cholesterol/q.yolk taken on egga 'laid at 32 ~eks 
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of age and plasm3 oholesterol \\o"erQ uniformly Mqh 1ndicat1~ 

a ~oasibility of indirect selection for low content of 

cholesterol/g.yolk by solect1nq ega1n5~ plasma cholesterol 

content at eaily ages. Imdrews q~!l. ( 19(9) observed that 

tl~ plasma.cholesterol contributed the agq yolk eholest~ro~ 

and th~ present study gives a corroborative evidence of 

The genetic relationship of the plasma cholGst~rol 

con~ent and egg yolk cholesterol contant at 40 ~~Qko of age 

ware V'uiable from loW' to medium for 40 Ql1d 12 waeks 

observation. The phenotypic and environ~ntal eorrelntionQ 

uoro high with tho po9Dibl$ ~xcopt1on of environmontal 

corrolation 6't 40t.h weak. A tiegat1 'riG ph911oty~ic eorrGlat1o~s 
~J.se-P~ . 

~10re obtai ned by f4o.rion !oS!l. ( 1960) and Chand !! !!.. ( 1973) • 

LOW to high genetic oorrelation vas reported by Washburn 

and Nix (1974). Th3 ego otrttctura of the population, the 

level ~f produott01) Md t.h3 qenatia differences ootween the' 

populatdOl1s miqht be tha reasons for tba diffaronca. 

Correlation of total yolk cholesterol and plasma 
c:holestorol. 

Total yolk cholesterol and plasma cholastsl."ol tfaX'O 

louly correlated gonotlcally bQt thalr phenotypic and 

environmental correlations were high for all the age qroupsi 

studied. 
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It Plamna eho1.osteroll 

!) !-tean values, 

In maleo t~e maan va1ue~ of ~lasma oholesterol ttaG 

190.19 m~ poreant ran~lng fro~ 146.24 mq parcGnt at 32 weeks 

to 224.50 00 paroent at 72 woel,ule In femalos the aVQrage 

values wore 178."25 mg percent with rangG of 157.69 mq 

£lament at 32 woalcs to 216. 13 mq porc:eat at 72 vasKe. In 

both sexes the m3an V'alu3s inareasod with advanc::ing ago. 

'1'ha BOlf offect \flaS aloo very high. the males having lower 

valuos than females. '1'ht! prasant mean valueo in th!! 

pOl?ulat1on WOrG 10\'1 wh2n CO!D;larO~ to the ValWl$ reportad by 

Wilcox at a1. (1953), t'Taahburn and Nix (1974), !<:aminold --
~.su.. (1919) and r4m:l(s a..,d Siegel (1900). 

11) Haritabll1ty. 

Horitability valuos WGrQ ver,v high (0.7129 to 0.7481) 

in malos \fhile th3 mritab111ty estimat!es were mediwn 

(0.2970 to 0.3197) in fomalaa. The pooled eotimatas ware 

0.1542 .± 0.Oa6S and 0.3057 .! 0.0367 for males and f$ma14lS 

ras:,aot1valy. 

Ths heritability estimat0s indicate that individual 

selection will bG affoetiva in lad3r1ng the plasma cholesterol 

level. The significant sira differoncas in both malea Qnd 

fcmaloo also attributed the presanco of high genatie 

variation through 01ro families. Th3 heritability estimates 
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wore in agreemant With that obtained by Bumgardner (1955), 

Cherms!S a1. (1960), \'lilaOlt 2S!l. (1963~, H:>llaoa& at a1.) 

(1900) and Harks· anu Siegal (1980). 1'he heritability resul,ts 

wore less than those of \'1ashburn and tUx (1974). 

1i1) COZ'~18ti011t!J with egg produotion traits. 

Correlation 'd.th body weiqht traii:IJ' 

In females the qauot1a correlations were low to very 

hiqh. Hatch weiqht and weigbt at maturity ware having high 

genetic correlation shoWing that the selection fQr hatch 

wetght or weight a~ maturity would incnu.'lso the plaama 

cholesterol-levels in females. In males the genetic: correla tlon 

wera higb wi tb 'body weight at 20 and 40 weeks while it was 

low at 32 weeks. Therefore, the selection for body weight 

at 20 or 40 weeks would increa~ the plasma cholesterol 

levels in males. The phenotypic correlations were low at 

all ages and negative at 40 weolCs. However, Wilcox !.i al. 

(1963) raportcsd low negative phenotlr.>ic correlation ·bet.el1. 

blood cholesterol and body wsi9ht at 32 weeks. 

I 

Correlation with aqe at maturit.y. 

The genetio correlation was negative and fairly higb -

at 32 wee~s indicating that s$lection for low plasma cholesterol 

would inorease t.l'vt age at sexual maturity similar to the 

flndings ~~r mq.oholest:erol/q.yoll< with age a~ maturity. 
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Phanotypl0 corrolation was very low but positive, \'111c03 

Of:!!!.. (1963) obtained a low nogativa phenotypic corrolo.tion. 

Plasma cholesterol taken at 40 wal(s of ega had lOW 

gonGtiC: relationship and vary low phenotypic and env1ronmento.1 
, 

rolationohip tt#.th age at maturity. Stmiler aseoo1ationB ware 
I 

also found ])atWOOD ·mg.-cholostcu:ol/g.yollc Of oggs laid by 

40 uoekB old birds and th3ir age at maturity.. Tha resul to 

indicato that seloetlon for low plaama oholesterol will have 

vary little effect on ago at maturity. 

Corrolations ~ith ogg cumber an~ egq masoa 

~hl plasma cholostsrol taken at 40 woe1ctJ of ago was 
~mb.aJL 

found to btl pooitiyely corrolntad g'Gnc:ttieally '4th 009 ...... 
OJY\..d-~ ... li veQy Co 'Y '(e.~te4- krl. (P\. etU'ff 'YY\..~,I.S,6. 

i'ha rosul ts indioa'tad that pl asma choloaterol w111 advoreoly 

nffoct tlls Qgg number but improve the egg meso. Wilcox 

2S!!!.. (1963) Nportad positive genQtie aqrrolation bettftlGn 

blood cholastorol and egg produet1oo and 1t is in e9r~amont 

td.th proaont atudy. 

Corrolation with egg weight. 

The gonotic oorrelntion was low in ganoral botwoon tha 
. 

two traits. selection for low plasma oholasterol may not 

affoot th.e egg woight. 'I'h3 pl~notyplc correll'ltion was 

modiuro nnd inc~Qaod with ago. tr111eox at a1. ( 19·53) --
obteinod Q low and negativo pronotyp10 correlatio:1 betl'Msn 

adult blood eholostorol level end egg weight. 

, 
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Correlation with yolk weighti 

Genetic correlation was high and negative at 32 weeks 

while they were low at 40 and 12 weeks. 'lberefore# the 

early selection at 32 weles for low plasma cholesterol would; 

inorease the yolk weight and at the other agae it may not 

affeot. t.he yolle weight. 

Corrolati.on 'lith shape 1nd~1 

Ttn qenetl0 correlation was low at 32 weeks Gnd high 

at 72 tftteka of age. It indicstad that selection for 'low 

plnllma oholeeterol at: 32 tfee'ks of. age would not affeot the 

shape ind(tx. 



SUMMA.RY 



SUMMARY 

h present .tudy was undertaken to d$term1ne tho 

genetic par8mllters of ogg yolk cl'Qlesterol and plasma 

omlestorol anO their ralatioosh1p with other economic 

tra.tt~ in ch!c)(ens. 

The ult:1nu.\te objective 1s to explore tbt possibility 

of developmant of strains/lines of chlot. ... ns with low egg 

yolk cholesterol Ieftl., 

The expanment vas carried out at Poul t.ry aeotion 

of L1ve.toa~ ~eearch Station. Kattupakkam during the 

p.r1oQ from 19aO to 1982. r.~yer strain sJ.ngle comb White 

Leghorntl raisa<l in a single hatoh and maintained undo!!' 

index eeleotion progr~ wore ua.a sa expearlmeotal 

materials. A total of 696 pull&t~ belonging to fifth 

goner.ation undGr 28 eire f0m11ies were inoluded in the 

study. 
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Tb't egg YOlk cholesterol was measured as m!;;.oholestarol/ 

9.yolk and to1:41 yol)( cholesterol. Tb9 'plasma cholosterol 

was oleo etudi~d. 

The choleoterol measures ware takon at 32, 40 and 

72 weolcG of flCJf' of the birds. Plasma oholesterol measure 

was alec ta~an in malaa at reopaoti~. a90e. Heritability 
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of oholfu'tJrol .aaures, body weight at hatch, 20 wnkn wkb.) 
Q§~ J\.lLmbev / ~~ ~ (411 / 

.maturi ty, 32 and 40 woks of age., age at maturl ty /.. egg 

weight, yolk weight, shape index were computed. 

The genetic. phenotypio and ~nv1ronmeotal 8ssoo1ation 

of! cholesterol meS5Ur6l8 with produotion tral.ts were 
invsstigataCl. Hatch waight, body weight at 30 weeks, 

maturi ty. 32 M.d 40 weeko of age ~re too body 'Weight traits 

whose aasoolation with obole.terol measures wers 1aves~gated. 

Among the rept'Oduat1v. traits. age at maturity, «199 nurubGt' 

and egg me.a upto 40 weaks, egg weight, yolk weight and 

alu1pe index _re con.:f.dorad to investigate tho1r genetic, 

phenotypic: and environmental association. with c:hol&sterol 

DMliU!JU11t8. ThIs genetic, PMtlotypic and (JQvlLronraontal 

correlations among oholesterol measures wero also investigated. 

mg.cholaGterol/g.101~ increased from 16.16 ~ 0.09 mg 

at 32 weeks· to 11.84 ± 0.21 tug' at 72 ~ek5 with an overall 

pool<Jd 4V3rage of 16.91 .± 0.08 mg. The level of total 

yolk cholesterol and plasma cholesterol also showed an 

inoreasing trend With advanc1nq age. The total yolk 

Qholestarol ranged from 219.19 Z 1.40 mq at 32 \tasks to 

334.5' .:t. 4.93 mg at 72 _eke with an overoll averago of 

246.91 ~ 1.(4 ~. 
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The plasma oholosterol ranged from 146.24 .± 2.13 mg~' 

(32 weeks) to 224.50 .± 0.99 mg% (72 weeles) 1n males while 

in females it rangod from 157.69 ± 0.92 mg% (32 tlaoka) to 

216.13 ... 2.94 mg% (72 weeks). -
Sire family differences for the throe cholesterol 

measures ware signifioant at all age groups except for. 

total $99' yolk oholesterol measurod at 72 weeks of age. 

The heritability estimates of egg yolk· oholesterol measures 

wore moderate at all agee with the mg.oholesterol/g.yolk 

giving a more V%eCi50 e8ti~at~ especially at 40 and 12 weeks 

of age with emaIl standard errors aompDred to total yolk 

aholesterol~ The .stlmates pooled over ages for mg. 

oholesterol/g.yolk &"ld total yolk cholesterol t1ero 
~ N1I)~\)~' 

0.2866 ~ o.0137~ 0.2355 Z O.Oal1~ The range of heritability 

sst.imatea indioate that faro.tly 8aleation would be effective 

in Qoonging the level of et1g yolk cholosterol to thQ 

desired direction. 

The heritability estimates of plasma choloeterol 

were uniformly very blOh in males at ell ages \d.th a 

pooled estimate of 0.7542 .t 0.0865. III females tba 

estimates ware moderate 1n all the wge groups and pooled 

OVal" estimate was 0.3057 + 0.Oa67. 
.. -



mq.cholostarol/g.yolk had a hiqh genetio corrolntion 

with hatch t:I01ght,. 'tIhile it had a. lov to modorato , 

correlation with mature ~ight9 indicating that for lo~ 

cgg yolk cholootorol 1a unlikely to affoet th3 mature 

body 11aight. Total yolle eholostorol had a low to modorato 

g'onetic correlation with body \'might moaauros. 

mg.choloatarol/q.yollt ~Qsured from egg's laid at 

32 f4"3altD of ago had a high poa1 ti vo qonet1a correlation 

t1ith age at maturity while th3 Sant3 moasuro of cholostorol 

takl3n on Clqg'S latd at. 40 wao1ta Of age had no qanetic 

i nfl uenc(! on age at maturity. 

-"~ _"_- -~~-~----- - ------ _---

A lou non a1gn1!1cant genetio correlation wao ... 
encountered betwaen mg. oholestero1'per (fJD. of yoJ>k 

Bnd the egg number indioating the afforta to reduco tho 

oholesterol content in yolk may possibly not affect tho 

ogg number very ser:1ous11. 

-"" 
'.l"h9 ganotic correlation of ogg maSl] with both egg 

yolk oholo~terol moaoures wa~ pooitivo and moderate and 

tlnro may be (l murqinal decreaso in Qg'g mtlSG if selection 

iB directed to lower th3 egg yolk oholosterol content. 

egg \101ght was found to be positively aorrolatod With 

oholosterol ntlGauroo at 32 and 40 \'13Ql:s of ago and 
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negatively correlated when the measures were taken on 

eggs laid at 72 weeks of ega. J\ pos:'3!ble reduction in 

agg aiza oannot be .rulad out whon seleetlon is to 

practice. against aqg yolk eholas~rol contont on eggs 

la1~ by younger hens. 

'I'ha qaoetio correlation of yolk wight with mg. 

cholestarol/g.yon: was high and negative while it was 10\>1 

wit.h total yoll: oholostarol. 

The ogg yOlk cholesterol content in older hens W$rB 

highly correlated with ahaps index. 
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The phenotypic and environmental correlations between· 

oholeetetrol ~asures end produotion traits were mostly low. 

The getJ! tie correlation of total yolk eholC!starol with 

pJ;Oduetion traits bad a very high standard error and 

ineon~luelve in fsw instances. It appeared that mg. 

cholesterol per gX'St!l yolk taken on eggs laid by bene around 

40 wee1cs of eqe was more reliable in view of small standard 

errors of the mea.urement end haritab11ity of the trait. 

The gen.et1o,. phenotypiC and environmental correlations with 

production traits lvld also loW' standard srrors. 

The genetio. phenotypic and environmental correlations 

between the two egg >yolk chol.sterol meaaures were variable 

depending upon the age at which they were tbea"uret!. However 



when the measures were taken at 40 weeks of aqe they were 

highly correlated. 
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mg.oholesterol/g.yolk present in eggs laid at 32 week~ 

of age had high genetic, phanotypic and environmental 

correlation with plasma cholestorol indioating a possibility 

of indirect: election for low egg yolk oholesterol by basing 

the selection on plasma chola.torol. ~ relationship of 

plasma ohole!lcerol and mg.ohole$tcarol/O.YOlk at la.ter ages 

were variable. Total yolk cholestorol and plasma choleste~ol 

was lowly cor~la~d genetioally. 

Plasma cholesterol was found to be highly correlated 

with body weight positively and nogatively correlated with 

ago at maturity. 

The genetic correl$tiOQ of egg weioht with pla.ema 

eholGrsterol was low while that of yolk 'Might with plasma 

cholesterol ~7aS high ~ nega1:1ve. Plasma cholesterol at 40 

woako of ~t!I we:! found to be positivoly eorrelated gsnet1c'!Cilly 

with egg number and negatively with egg mass. Tho shape i~dex 
. . 0 

was lowly correlated \d th pbl$® cholestetz.l. 

Tho results indioated that selection for low egg yolk 

cholesterol content cOUld be direoted by inclusion of mg. 

chole5terol/q~yolk in the selection indo2 without seriously 

affecting the production tra1 ts. 

In males the plasma cholesterol taken at 32 weeks of ege 

if included in t.M index would b31p the malo line selection 
to produce low egg yolk cholesterol lines. 
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APPENDIX - I 

Composition of ahick masht 

11'!q;:ed!.~ntLe 

Yellow maize 

GroUlldnut oil cake 

01ngelly 011 cake 

tiheatbran 

Fi8h meal 

Eggomina 200 q per 100 kg of feed 

Amprolsol SO g per 100 kg of feed 

Neftin 100 g per 100 kg of feed 

Rovim1x 20 q per 100 kg of faed 

Composition of grower mash. 

!rulIodianta 

Yellow maiZQ 

Groundnut oil cake 

Gingally oil cake 

t"lheatbran 

Fiah meal 

Rgqooine 200 9 per 100 kg of feed 

Neftin 100 q per 100 k~ of feed 

Rovim!x 20 9 per 100 kg of feed 

. !!~.:eer ,10q 

SO 

28 

2 

10 

10 

Parts R!~...!Q.Q. 

60 

15 

5 

10 

10 



C~~osit1on of lay~r mash, 

Yellow maize 

Groundnut 011 cake 

G1ngel1y 011 cake 

vlheat bran 

F1eh meal 

Egqomine 200 9 per 100 kg feed 

100 9 per 100 kg feed 

'ltRovlmix 20 q per 100 kg feed 

6S 

10 

5 

10 

10 

... Rov!m1x brand mixture contains stolble v1ta.'TIlne, 

A + 82 + 03 having a guaranteed potency of 40,000 t.u. 

vitamin A, 25 mg of v1t. B2 end 5,000 I.u. of vitamin 03 

per gram. 
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