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INTRODUCTION



INTRODUCTION

One of the highly significant medical problems of
the day concerns the various relation of dietary fatas,
including ungaturated fétty acidzs to ;achaemic haaprt
discasaes and atherosclerosis. The medical war against
heart attacks and gtrokes is primarily a battle againat
arteriosclerosis - tha bulld up of ¢holestarol and othar
fatty substances in the walls of arterias. The fatty
gubatances accumilate oglowly in tha form of patches known
as plaques. Gradually, these plaques enlarge and bacoma
gearred in a palnless but relentless procass that laeads
to many mortal dangers. One such danger ig the blockage
of blood flow by large plaques, depriving the haart,
brain and othar organs of oxygen and othzar vital nutrientas,
Researches hava ghown that process of arteriosclerosis

cannot be revarsed or stopped, only slowed down at beast.

Thare is extensive gvidence that thz levael of
cholegterol in tha plasma of most paople ¢an be lowared
by appropriate dietary modification. Generally such
lovaring can ba achieved most practicably by partial
replacament of the dietary gources of gaturated fats
with oources of polyungsaturated fatty acids and by a
reduction in tha consumption of foodgs rich in cholasterol.



Faithful and continued consumption of a cholesterol
lowering diet over a period of vears can reduce the

coronary attack rate in middle aged men.

-

Fat céntrolled diets doveloped by the American
Haart Association provided a maximum of 300 mg cholesterol
daily, 35 percent of the kilocalories in the form of
saturated fats and 10 parcent of the kilocalories in the

form of polvunsaturated fats (2ukel, 1969),

As por 1972 data on cholestarol content of foods
published by the U,S, Department of 2griculture as quoted
by Seelsy et al., (1972) beef, lamb and pork ware restricted
to thres ocunces par wask and only skim milk and lean
meats may be used, Ho more than threa &ygg yolks per
week were permittedy liver may be used, but only as
a substitute for eggs. 3hellfish, except shrimp were

allowad.

The American Heart Association £at controlled diets
were designed to lower elsvatad lavels of serum cholesterol
and other 1lipids in an effort to reduce the risk of
heart discases (White and Havensatein, 1976), Significant
and sustained reduction in serum cholesterol and plasma

lipids have been demonstrated in persons ashering



to the dict. Low density liposrotein (LDL) serum
cholesterol levels were decreasad and high density
lipoprotein (HDL) serum cholesterol levels were

increased (Hulley gt al., 1977). Dietary intervention
produced encodyraging results of young survivors of acute
myccardial infatctlona (Laren, 1975), However Laird (197S)
has stated that f£ive to saven percent of tha young
children in ths United States wore genetically predisposed

to atherosclerosis.

e to vast davelopment of poultry industry, the
rate of consumption of egys has been increased and the
cholegterol content of 2gg has a bearing on the
atharogscldrotic heart disease in human, Avian eggs
contain large anounts of cholestarol located exclusively
in the yolk. HMost of the portion of cholesterol exists
as frea cholasterol, a minor proportiocn is praesent as
cholesteryl ester., Cholesterol whan ingestqd in tho
form of egg yolk increases the circulating levels of

lipid.

Iy

Bgg yolk 1lipid differs from mest othar f£at contalning
food atuffs in that it contains not only triglyceridas
but also phogpholipids and large quantities of cholasterol.



Sevontean grams of egg yolk contains aporoximately 280
milligrams ofxé%nlestarol. Most of the fat i3 in the
form of lipdpfotein; Siﬁce ths dietary ch»lesterol forms.
cohe of the sources which manipulates the levels of lipid
in ecdrculating blood,

Tha cholesterol content of egg yolk may be affected
by genetic and a number of environmental factors. It
can bs lowered to 35 parcent by fesding a plant sterol,
sitosterol (01are;burg et al., 1971). However, the genetic
influence on tha deposition of cholasterol in the yolk
may set the f&mits within which envircnmental manipulationsg
can change its lavel, One of the first atudies to suggest l
a genetic basgis f£or yolk cholesterol was that of
Edwards et al, (1960) who found differences in yolk
cholesterol levels betwaen vairious bresds and strains,
A number of studies have establishad that genetics may play
a role. 4in controlling cholestarol levels in many species.
4$4!11cox'g§ al, (19635) in serum cholesterol level in
chickensy Harris and Wilcox (1963) in yolk cholesterol
level in chickensy Lepore and Marks (1965) in cholesterol
leval in the eggs of Coturnix quail and clarkson and

Lo€land (1970) in plasma cholesterol in Squirrel monkeys.

Tha present study aims to determine tha genefic

paramsters of egg yolk cholestercl and plasma cholesterol



and thoeir relationship with other economic traits in
chickens, The ultimate objective is to explore the

“ ) )
possibility of developmant of lines of chicken with low

agg yolk chiolesterol level.
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REVIEW OF LITERATURE

I Cholesterol:

As early, as 1815, Chebreul gave iha name cholesterine
to a whlta’wéxy material which was isolated from gall
gtones., Later on the white waxy material was given the

nama cholasterol.

i) Biochemiatry of cholesterols

Ramakrishnan gt al. (1980) has dealt with biochemistry,
regulation and control of biosynthesis of cholesterol
in dotail.

Cholesterol comes under the main classification of
non phosphoryl ated lipids and belongs to the group of
steroids, The group derived linid 1is a 'catch all'
group in 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 stc.
Cholasterol 1s the steroid alcohol (Steros® = solid). All
steroids may be considered as derivatives of a fusad and

fully saturated ring system called cyclopantanoper=-

hydrophenanthrane or sterane.

G

Cholasterol (chole” = bile) is the principal sterol

of vertebrates and is esvecially abundant in narvous tissues,



brain, gall stones and bile, It is an assential
conatituent of animal cells. Its parent hydrocarbon is
cholegtang, 627 Hég. In addition to an OH group at c3
tharo is a double bond betwsen Cg and Cge Chemnically

it is hence named as 3 - hyﬁzoxy - 5, 6 = cholestane.

BT

23 CHy

2k Gl
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26 25
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11) Motabolism of cholesterols

Cholesterol 19 essential to life and i3 present in
all animal c¢ellg. Brain, egg yolk, liver, meat are
good sourcas of cholesterol in the dist, Fach person
gats all his cholesterol in ths body by bioaynthesis,from
acetyl Co A from fatty acids, glucose and to a limited
axtent amino aeids through the metabplites. An average
non vegeta;ian diet provides only 0,3 g of cholesterol
per day although ths turnover of cholesterol in tho body

is about 1,3 ¢ par ﬁay.

111) Biosynthagis of cholesterols

Cholesterol ia aynthecised f£rom simplo precursors
like acetate and water. It can bz synthecised from many
of tha intermediates from carbohydrates, protein and fatty
aeid metaboliam, pyruvic acid, scetoacetic acid, alcohol,
laucine, alanine and octanolc acid are found to act as

pracursors £for cholagsterol.

It 1s also found that a2ll these compounds at somz
stages pass through acetyl Co A as well as HNG Co A
. (Hydroxy Methyl Glutaryl). Tissues known to synthecise
cholesterol efficiently in the body include liver,
intestineg, adrcnal cortex, skin and aorta, Tha enzymes
concarnad with the synthesis of cholesterol are present

in microscmal fraction.

o,



Pasternak (1979) stated that the cholesterol
absorbed largely from the die£ but synthesized by
- tisgues such as liver and gastrointestinal tract, is
metabolised in a variety of ways. Lven motabolism to
cholic acid and other bila acids (which are excreted) is
not a fully;d;ggadative pathway, in that further oxidation
of bile acids does not occur. Moreover bile acids are
very effectively reabsorbed in the gut and are eliminated
only slowly £rom the circulation, Cholaegterol s the
only food stuff and one of the few cell constituents, that
is not capable of complete oxidation to Co, and H,0 by
animals. Once abgorbed into the eirculation it ¢annot
easily be eliminatadr moetabolism to the bile acid *'pool!
soon becomes saturated and what cholesterol 1s excreted
unchanged (in the bile) i lergely roeabsorbed in the lower

intestina.

Ragulation and control of cholesterol biosynthaesis:s
Feed back controls

Cholestarol inhibits its own synth2sis in liver at
tha HMG Co A reductase enzyme stage and thus is involved

in feed back control., This is effective only in the livar,

Pasting and diabotoess

M@ Co A reduciése in liver is reduced during
dro $e s
fasting, but not in m=llitus, This explains the decreased
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synthesis of cholesterol during fasting. Its increased
formation in diabeﬁg is due to diversion of acetyl Co A
for cholestarogenesis, When diatary cholesterol is
increasad it i3 obscrved that tha cholesterol blosynthasis
is reduced proportionately to a certain limit but at the

sama time 4t could not be completaly suppressed.

Spacies variations

It 13 now believad that extra hespatic synthesis of
cholesterol mainly in intestine, is also procseding in
certein specles espocially in man, which may be regulated’
by other factors than cholesterol 4in diet alone. Thare
13 a species variation regarding the assimilation of
exoganous cholesterol, Cholesterol fezding causes
hypercholegterolemia and onsct Of athsrosclerotic lesions
in rabbit, pig, monkay and man but not in dog, rat and cat
which are rasistant to it. 1In dogs and cats thyroidactomy
or thiouracil traatment is necessary to produce hyperw
cholesterolemia and incrsased deposition of choleaterol

on aortic walls,

Hypophysactomys

o

Cholesterol biosynthogis is depressed in hypophysectomised

animala,
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Hyver and hypothyroidism:

In hypothyroidism, basal metabolic rate is decrecased,
the oxidativevprocess in the body get, depressed and
the intermediary metabolites and diverted towards
cholesteroéenasis resulting in hyperahclestefolemia.
In hyparthyyoidism. on ths otha2r hand, although the rate
of cholestarol synthesis is increased its rate of turnover
is very much higher, raesulting in a lowering of the
cholesterol to normal levels. Thyroid hormones facilitate
tha synthesis as wall as the degradation of cholesterol,

tha latter sffect being more predominant,.

Insuling

Insulin increases the overall oxidation of glucoae
and the peripheral oxidation of ketone bodies anl other
intermediates, more acetyl Co A ig driven through citric

acid cycle rathezr than the cholesterol pathway.

Androgens and estrogenst

Androgens increase cholesterol synthesis and in their
absence cholaestercl level is reduced, Cstrogens not only
deacrease cholesterol synthesis but protact pre-manopausal

woman from hypercholesterolemia,

Polyunsaturated fatty acidss
Polyunsaturatad fatty aaids bring down cholestarol

in blood by estarfyving, solubilising and mobillising the
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cholesterol to liver, The oxidation of cholegterol

and conversion to bile acids in liver 4is thus enhenced,
Vegetable oils like corn oil and cotton peed oil are

very good sources for poiyunsatuxateéxﬁatty acids, while '
animal €fatg iike buttar fat and beeflfat are very poor

SoUrced. .

Drugs and other agantss

Choloxin, atromids, and neomycin have .a baneficial
aoffect in deocreasing cholestercl levels in blood by
increasing tho fascal excretion of coprostaercl and bile
acids which arise €rom the body's cholestercl reserves.
Triparanol blocks tha biosynthetie pathway of cholesterol
at the desmogterol Btage. Nicotinic acid, vanadium spalts
and ethylep=cholorophenoxy-isobutyrate are also cholesterole

lowaring substancaes.

Catabolism of cholestarol and faecal excretions

The liver is the main site of cholasterol cataboligme.
It i3 found that 60 parcent of the total cholesterol of
liver is convertod to bile escids and escreted in bile.
Tha rest (40%) is excreted as a golution into bile into
intestine from whore a part is roobsorbad, and another
pagt is reduced by intestinal bacteria to coprosterol.

The coprosterolg is oxcroted in facces along with bile salts



ag neutral sterols. Some of the bile salts may bes
reabsorbed but then it will depress th2 further catabolism
of cholesterol in liver and formation of more bile acids

~

by a feed back control,.:

In the gonads, adrenal cortéx, cornusluteun and
placenta cholesterol is the precursor of biosyntheais
of various steroid hormones. These hormones are releaged
into eirculating blood and are modified or destroyed in
the liver and excreted through urine mostly with tha .
gteroid ring intact, Compared to thz amount of cholesterol
catabolised by liver, this amount convarted to steroid
" hormone ih quantitatively negligible but physiologically

very important,

A small quantity of cholesterol is oxidised to
saven dehydrocholesterol and finally convertoed into
cholecaléifarol (Vit.03) by irradiation in the skin.
Vit.D3 finally excreted in fggcea mostly or through ths
gkin in small amounts, along with a little cholesterol

or bile. ‘

iv) Cholesterol and atherosclerosiss

Atherogelerosis 18 a condition associated with
hardening of aorta and arterial walla (sclerosis) due to
variable combinations of changas in the intima of arterios
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consisting of local accumulation of lipids, complex
carhohydratas, blood and blood producits, fibrous tissues
and calecium deposits are assoclated with madical changes.

Daposition of cholasterol asters nesds gpecial mention,

Atharosclarosis occurs in diseases with elevated levels
of cholesterol and low density lipoproteins in blood as
detallsed balow:

Elevated concentration of very low density lipoprotein
(matinly triglyceridas) (Pre-beta fraction) with normal
concentration of low density lipoprotain (density 1,006 to
1,063).

Blevatad levels of low Adensity lipoprotein containiag
chiafly cholestarol (beta fraction) and normal very low

density lipoprotein.

Blevatad levels of both very low density lipoprotein
and low density lipoprotein (Pre-beta and bheta fractions).

The ratio of phospholipid to cholestarol 4in beta
lipoprotein which is normally one tends to decrease in
atherosolerosis as also the ratio between alpha tb bata
lipoprotein decreasing from about 0.9 to 0.5 There is

algo change in muco~polysaccharide pattern. There is an
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increase in chondroitin sulphate-A and hyaluronic

acid campargd to haparitin sulphate which is potent
activator .of lipoprotein lipase and also an anticoagulant.
Regently, importance is given to gcavenging role of high
dznsity lipoprotein in removal of depositad cholesterol

and preventing athsrosclerosis,

The various diseases in which there is increased gerum
lipida in blood are diabetes mellitus, nephrotic syndrome,
hypothroidism and familial hyperlipoproteinemias.
Investigation of total cholestorsl, triglycerides and_
lipoprotein electrophoresis is very helpful in diagnostic

biochamistry of atherosclerosias.

Atharosclerosis has been succeasfully induced in
herbivorus animals like rabbit, pig and'monkey by feeding
cholegterol, Howaver, other animals like dog, raﬁé and
cat are resistant. If atherogclerosis 4{s to be e§§$rimencaliy
iaduced 4in the latter specieg, thiouracil and other
hypothyroid drugs arc to be fed along with cholesterol,

Process of ageing brings about significant changes
in blood vessel wall as the matabolism of cholesterol
slows down as age advnces. Ths enzymes electroprotelinase
and elastomucase required for solubilising and lipolysis

of fat are decreased with age., Again as age advancas the
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elasticity of vessel wall decreases thereby- decreasing
the lateral pressure and thare is a turbulent flow of
blood due to greater axial pressure. For these reasons

ageing invites atherosclerosis,

In man, many factors are believed to play rolae in
the incidence of atherosclerosis, Obesity, lack of
exercise, high €at diet (containing saturated fat),
aemotional stress, excessive cigaratte smoking, alcoholism,
high blood pressure ate, are considered as risk factors
that upset the pattern of serum lipid levels leading to
the iacidence of atherosclervsis in the long run. A
strong corralation exists botwden coronary heart di ssase,
hypartension hypercholesterolemia, serum free fatty acild
levels, serum very low denalty lipoprotein and low density

lipoprotein and atherosalerosis,

Among dietary methods, a diet low in fat and sugar
is found helpful., Substitution of animal fat by vegetable
oils in the diet which is increasingly being adopted in
raecent years to prement atherosclerosis is belioved to
depend upon th benoficlal value of polyunaaturated fatty
acids. These polyunsaturated acids solubilise the
deposited clioclestorol by a process of esterification and
mobilise the cholestorol to liver for catabollesm.

I
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Tha study supportad by ths Natiopal Institute of
Hsalth found that the rate of progression of arterio-
ccleroaiofaffecting tha ecoronary arteries ﬁaa proportional
to tho amount of lipids in the blood (American.Dietetic

Asgociation, 1981),

Cholesterol is one of tha many contributory factors
for the formation of athsromatous lesions,. Noverthless
atharosclerotic complications are more pravaleat in
hypzrcholaesteremic than in normocholestersmic individuals

(Soarcy, 1969),

Tandon (1983) had ahown that gall gtone disoage
occurgifrequently in the northorn India and that 80 to
90 percent of tho atones z;:Lof the cholesterol typo i.0.
more than 70 percent of their dry waight.:;ﬁEonstitutad
by c¢holesterol, Thzs cholastorol stones ware assocliated
with bile supersaturated with cholesterol and the
oCcurence was thrae timas more froquantly in wdmen than
in men, Parous women wers affocted more often than
nulliparous women. Cholesterol monohydrate crystals
form=d tho bulk of cholesterol gall stones besides the
varying amountsa of calcium carbonate, phosphate and

pignent in different layers.

|2
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IT Egg yolk cholestarol:
i) Biochemistry:

Egd yolk has been implicated as having cholesterogenic

properties (Messinger et al., 1950)., According to Cook
(1958) cholesterol has bacn definitely established as a
precursor of the gsteroid hormones, Yolk has been
indicated as one of the excretory pathways for metabolice
cholesterol (Harris and Hticox, 1963).

Bgg yolk cholesterol was exclusively present in the
low density €raction and lipovitellins as an integral
part of lipoprotein structure (Marfin ot al., 1963
Cook, 1968). |

BleMaguid and Quisenberry (1968) stated that there -
was an influence of egg consumntion on performance,
blood cholesterol and livability, Hen day egg production
was increased, feed efficiency was improved and mortality

was reducad, Yolk cholasterol was not noticesably altered.

Connor et al. (1969) showed that 90 percent of the
cholesterol in the‘brain of the chicken embryo was
syntheasized, but the ¢cholesterol in the remainder of the
body came from the yolk of the egg, suggesting the
possibility that the cholesterol level in the yolk might
be related to embryonic dsvelopment and the hatching

of chicks.
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Sim gt al. (1980) studied the metabolic fate of
14 j~ovo cholesterol in the egg yolk fed rat, The rat
groups fed eagg yolk powﬂér-excreted mére than 95 parcent
ingested o?oicholeaterol. An unknown lipid factor presont
in egg yolk accelerated cholestorol turnout gate and

excrotion via faecas.

11) Mean valuss of agg yolk cholesterols

achard gt al, (1934) found 17,5 mg/g in chicken eggs,’
and 26,5 mg/g in the duek egge. Harris and Wilcox (1963),
Miller and Denton (1962), Pishar and lLeveille (1957) have
reported 22 o 26 mg, 15.5 €0 17.5 mg and 17 to 22.5 mg

cholesterol per gram of yolk resgpectivaly.

Much higher levels of 29, 21, 20 and 27 and 21 to 24
wg/g. yolk have been reported by Combas and Helbacka (1960),
Daghir et al. (1950), Chand et al. (1972) and Chand and
Sapra (1973) respsctively.

Millar and Denton (1962), Chung et al. (1965),

amd. FiShey )
Woiss gt @. (1987) and Lall and Slinger (1973) reported -
valuas from 11,5 to 15,5 mg/g for White Leghorn eggs.
Rangachar ¢ al. (1970) studiad ths cholesterol content
of six brezds of chickens and rnportaq‘valueSAErom 10,1 ¢to
15.0 mg/g. yolk and he has also reported much lowver level
of 6.5 mg cholesterol/g. yolk for Indian Sucks.
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Lepore and Marks (1965) reported an average content

of 7247 mg cholesterol per gram of fat or 26.0 mg/ge. yolke.

Bartov ot al. (1971) reported a rangs of egg yolk
cholesterol of 11 to 15 mg per gram yolke Turk and
Barnett (1971) reported a range in yolk cholesterol valuas
of 11 £o 20 'mg/g. yolke

Turk and Barnett (1971) reported 8.4 mg of cholasterol
: per gram of egg. $eecley ot al. (1972), in a compilation
of the chilesterol content 6f foods, gave a level of

1408 mg/go YOlko

Cunningham et al. (1973) measured the egy yolk
cholesterol level in a closed population of White Leghorns,
BEgg yolk cholesterol levsal ranged from 921.4 mg% to

1755,6 mg% with population average being 1267.8 mg¥e

Washburn and Hix (1974a) stated that the genetic
stocks namsly the Athons Randombred population (ARB)
and the Athens Canadian Randombred population (AC)
differed in the mean yolk cholesterol content and also

blood cholesterol., The mean yolk cholaesterol content, for

the AC (meat strain) population was 22.8 mg (range 19-27 mg)

cholesterol per gram of yolk with a standard devialion
of 2,8 mge The mean yolk cholesterol content for the ARB

(croasas of meat and egg strain) population was 19,2 mg

Lo



cholesterol per gram of yolk with a standard deviation
of 1,2 mge A wide Aistribution in AC population indicated
that genetic splection to change yolk .cholesterol was

a

possible. -

14

Tomita @t al, (1975) also studied the cholesterol
content of seven brexds of chickens and found 10.6 to
15,7 mg per gram of yolk and hs also reportad a lower
cholesterol content of 17.3 mg/g in eggs f£rom Osaka ducks.

Rotenbarg and Christensen (1976) found a mean of
13.9 ng cholesterol/g. egg yolks Codfrey et al. (1976)
found 0.9 mg/g. yolk in eggs from Webster Red strain
hans, Xudchodkar et al. (1976) found 16.4 mg cholesterol/g.
yolk in White Ieghorn eggs.

Beoker ot al. (1977) estimated the analysis of chicken

agg yolk cholasterol as 15,64 mg cholesterol/g wet yolk.

Cunningham (1977) atated tha cholasterol values of
Araucana egys ranged from a 1094 mg. cholesteml/loo Ue
yolk to 1684 mg/100 g.yolk with a mesan of 1315 mg% and
also found 1163 and 1255 mg% for White Leghorns and

plymouth Rock respectively.

Somes et al. (1977), Cunningham (1377) and Psterson
et al, (1978) reported 21, 13,2 and 12 to 16 my/g.yolk

wantvas
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respectively for Arsucana eggs, levels not significantly
difforont from white eggs from White Laghorns and brown
aggs from Plymouth Rock hang.

Bair and Marion (1973) found a much lowar concentration
16.0 mg/qg.yolk and a mean value of 458 mg per egg 4in
turkeys, and h2 also r@pofted an avaragé of 14.3 mg
cholesterol_pér gram of yolk in chickens. Chand et al.
(1978) reported that tha yolk cholesterol concentration |
(mg/g.yolk) ranging from 18.93 + 0,47 mg to 31.74 + 1.38 mg.

The yolk cholesterol content was not significantly
different among the pure brad birds, the means being
34,14 + 5.08 mg per gram, 33,66 + 5.92 mg/g and
34.69 + 4.97 mg/g for Rhode Island Red, White Leghorng
and Australorp raspectively. The Australorp x Rhodo
Island Red cross brad birds showed a significantly lower
lavol of yolk cholosterol contant with a moan of

28,35 # 4.14 mg/g (Anglin and Briles, 1980).

Bitman and Wood (1980) roportad that doveege had
a relatively high cholesterol concentration of 22,5 mg/g.
yolke Hollands gt al. (1980) found th2 mean yolk cholaesterol
lovel (mg%) as 1387 + 12, 1279 + 9, 1373 ;f;“mg% for the
ungelectad, low and high line birdse Bitman and Wood (1980)
found duck oggs, from Mallard and Black ducks contalned

24,1 and 25,0 mg cholesterol/g, yolk,



Chand (19580) indicated the different svian species,
in the increasing order of egg yolk cholestarol concentration
(mg/g.yolk) were, White Leghorn chicken (20,61 mg)
Japanese quail (21,78 mg) Turkey (22.84 mg), duck
(26.23 mg) and pigeon (34,28 mg)e The differencés in
concentration 6f egg yolk cholesterol of chicken, quail
and turkasy gefe not gignificant and 50 was the case of
duck and turkev. Pigeon egg yolk cholesterol, was

significantly higher than that of all other spoecles studied,

Batir and Marion (1978) found a much lowar concentration
(15,2 mg/g) in egys from three breeds of ducks (Mallard,
Muscovy and PekineRousn) and reported 22.0 my/g.yolk as

cholastaro)l concentration for thz dove.

The cholasterol concentration (mg/g.wet yolk) recorded
as 23.9 % 1,24 mg in fertile egya was slightly but aot
significantly, higher than that recorded in infertile
eggs as 20,8 i 0,80 mg (Chand, 1979).

Total agg volk cholesterols

Turk and Barnett (1971) found 678 mg per turkay egge.
Beckor ot al. (1977) estimated total yolk cholesterol as
225,73 + 0465 ng in chickens, Ths yolk cholestarol content
was lower (312.27 mg per yolk) in Australorp with a range
of 235,81 + 14425 to 512,36 + 27.99 mg (Chand et al., 1978),
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Bitmen and Wood (1930) reported that the domestic turkey
" had a total cholesterol of 681 mg.

114) Genetic basis of egy yolk cholesterols:
Gaunjoux and Krijanowsky (1932) and Achard et al.
(1934) indicated that the duck's egg was markedly richer

in yolk cholesterol than the hen's egg.

#

According to Chavous gt al. (1965), Collins et al.
(1966) and Chand gt al. (1972) significant breed differences

existed with respect to yolk cholestarol,

Hickman {197¢4) stated that eggs produced by Araucana

hoens were lower in cholasterol ¢ontent than other eggs.

‘Gissel et al. (1976) reported within breed and batwaen
breed variations in cholesterol content of eggs. Within

breed varliation was highor than that batween breeds.

Smaven inbred lines of chickens showzd differences in

yolk cholesterol (Bair and Marion, 1978),

Baif and Marion (1978) studied the yolk cholesterol
in egga from variocus avian spoacies and species listed in
increasing concantrations of cholesterol per gram of yolk |
were guinea fowl, chickan, phzasant, quail, turkeys, duck,
goose and dove with an overall range of 12,77 to 21,99 mg
of cholesterol per gram of yolk and he also found significant

24



differonces 1n.chola9terol concentrations batween domesntic

and wilad genetic groups of turkeys andé ducks,.

iv) Heritability of egg yolk cholesterols

' Schednberg et al., (1953) found large difference
{ batween the psrcent of the sire cOmpenantontal variance
of wet yolk waight (0,34%) and the dam component (6,14%),
Yao and Skinaepr (1959) had reported thé heritability
through sirs éampcnent~as 0,388 and through dam component
as 04333 while Jaffee (1964) estimated 0,423 and 0.435
through sire and dam component respectively.

Harris and Wilcox (1963), using tha mean of two
consequetively laid eggs per hen £or analysis found that
volk cholesterol expressed, as mg.cholesterol/g. wet yolk
differed botween dam families within sires in a random

bred White Leghorn strain,

Turk and Barnott (1971) reported that egg production

strains have lower cholasterol values than broiler strains.

Cunningham gt al, (1974) analysed the mean of the
threo eggs per hon az mg. percent of yolk cholesterol in a
White Leghorn population, One generation of bidirectional
selection was initiated, The intrawsire daughter dam
rogression provided a heritability of 0.24,

25
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Washburn and Nix (1974a) astudied the heritabilities
of two random bred population (Crosses of mezat type and
egg production - ARB gopulation and &eat stock AC population)
viz., ARB and AC population by half sib procedure as 0,23

and 0,36 regpectively.

Ali ot al, (1974) reported that ths heritability of
agg yolk cholesterol was 0,24 in a clpsedlpopulation of
te Leghorna, Becker et gl. (1975) in a random bred
White Leghorns estimated the heritabilities of mg. choleasterol

and total cholesterol 33.0.14 and 0.31 respectively.

Beckar et al. (1977) estimated the heritability of
mg.cholesterol/g. dry yolk was 0,15, H2 also suggested
that the mg.cholesterol in total yolk ééould ba reduced
to be maaninéqul to the ¢ongumer because the whole egg

was aatan.

Becker at ale. (1977) re-orted the horitability of total
yolk cholesterol as 0427 + 0,07, The haritability of
mg.cholaesterol in total yolk was larger than the heritability
of mge.cholesterol/g. dry yolk probably reflecting tha
higher haritability of yolk weight which was component of
mg.cholesterol in total yolk.



v) Correlation of egg yolk choiesterol with egg production
tralts: : .

a) Age and egg volk cholesterol:
Significantly higher values for yolk cholasterol were
observed whan the birds wers in moult (March and Balley,

Palafox (1958) studied the effccts of age, enargy
source and conceptration on volk lipids and cholesterol
in ‘Mhite Laghorns, Yolk 1lipids and cholostorol concantration

of 30 to 50 wezk 01d nullets vere not significantly different.

Turk and Barnett (1971) found that cholesterol
concentration in the egg was not affectad by the hen's age,
Chand gt al. (1978) reported that the yolk lipids did not

change sigalficantly upto 12 months of age in Australorp.

The egg, Yolk, shell weight as well as yolk cholesterol
content did not increase significantly during the first
five months of production (Chand et al., 1978).

Yolk chelesterol tended to decrease as age of hen s
increasgad (Bair and Marion, 1978). Egg, albumen, yolk and
shell weight, yolk lipld and yolk cholesterol contents were
recordad from hens of Australor from 6 to 18 months of age.
Highly significant effect due to advancing age was recorded,

for all the traits studied (Chand et al., 1978).

2
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Bair et al. (1980) indicated that cholesterol
concentration in chicken egg volk déq;easad gigaificantly
£rom an average of 18.9.to 15.8 mg per gram of yolk from
tha first,té fifey eggs after the onsat of production.

b) Yolk cholesterol and egg productions

A negative correlation bstween egg production and
yolk choleasterol level was found; no association was found
batween yolk cholasterol and egg siza (Cunningham et al.,
1973).

Ali et al, (1974) stated that there was a negative
relationship bhatween egg production and the amount of yolk
cholesterol, Washburn and Nix (1974) stated that a
significant nzgative ph2notypic correlation was found

tweon yolk cholesterol and egg production,

Hashburn and Marks (1977) showed that there was a
direct relationship betweasn clutch length and yolk cholesterol
concentration. The mg.cholesterol/g.yolk was 17.2, 17,3,
16.0 and 15,5 for tha clutch sige of thres, four, five and
8ix eggs respectively. Salection for increased clutch

langth decreagad the cholesterol concentration in egg yolk,

¢) Yolk cholesterol and egg weights
Cunningham et al. (1974) reported that the egg woight

and yolk cholesterol was not correlated.
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Because of ths great variation in egy and body size,
total cholesterol par egg varied from 43 mg {n Japaness
quail to é45 mg in the great black-backad gull, When total
cholestarol was plotted against egg waight, the plot
indicated that cholestarol was a relatively constant
proportion of -“ha e&gg, irrespactive of species (Bitman
and wWood, 1980).

d) Yolk cholasterol and yolk weight:

.Harria~and Wilcox (1963) estimated that tha phenotypic
correlation between cholesterol and yol: weight was negativa
(=0,09 to =0.17), Nicholas et al. (1963) indicated a
negative correlatlon between yolk weight (g) and yolk
cholesterocl concentration (mg/g.yolk) and betwaen yolk

size and cholesterol concantration.

Foraythe (1963) pointed cut that the proportion of
the yolk tends to be higher in amaller eggs than in larger
oness Chand et 3al. (1972) reported that the correlation
was not high batween yolk weight and yolk cholesterol in
White Leghorn birds.

The total cholesterol concentration of egg yolk and
cholosterol concentration in the 1lipid (mg. per gram of
lipid) were not aignificant and this was due to tha significant
differences in tha perecent yolk weight and 1lipid

and Sapva

concentration (Chand o% ai., 1973).
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The genetic correlation batween mg.cholesterol and
yolk weight were negative indicating that sslection for
low cholestarol might increase yolk wéight (Becker et ales

1975).

Backer et al. (1977) reported that the genetic
correlstion between mge.cholesterol/g.dry yolk and aach
of the three yolk weight traits varied from 0,28 to 0,35
with ths environmental corralation of 0,07 and nhenotypic
correlation of 0,05. A genetic change in mge.cholesterol/g.
dry yolk would result in a corresponding positivo change
in yolk and moisture weight. An environmental shift in
mg.choleatercl/g.dry yolk would probably rasult in little

chenge in yolk and moistu-e waights.

The correlation coaffigient valuss hetween egg and
yolk weight were highly significant and positive, which
reflactasd that larger eggs hal havier yolka both in terms
of absolute weight and relative values. The correlation
coaffici~-nt values of eggs welght and yolk welght, yolk
weight and cholesterol concentration (mg/g.yolk), and
betwean yolk wight and cholesﬁerol content were 0,83,

-0.37, 1.0 respectively (Chand et al., 1978).

e) mg.cholesterol/g. yolk with total yolk cholesterols
Becker et al. (1977) reported that a high genetic



correlation of 0.71 to 0,74 between mg.cholestarcl/g.
dry yolk and cholestercl in total yolk.

vi) Egg yolkAdholestaroi and blood ehblasterols
Hnman,;£udie§”have-indicated minimal or even no
changas in serum cholesterol at different levels of eggs

in the diet (Mayer et al., 1954y Reys et al., 19567

Slater et al., 1976 and Porter ot al., 1977).

Marion et al. (1960) reported a significant (=0,29)
inverse p!nndtypic‘ relationship betwoon sarum cholestsrol

and yolk cholesterol.

Thare was influence of feading on yolk cholaesterol
as well as serun cholesterol level which was suggestive
of a relationship between yolk and ssrum cholestersl level

(Harris and Wilcox, 1963).

Dus to ¢lose relationship hetwssn heart dissases and
cholestarol and 1ipid intake in general (Amarican Heart
Asaociation, 1968) a comprehensive study of cholesterol
of agis and plasma cholesterol of hens was made and
reported that a specific weight of egy volk 1lipid caused
a higher and more rapid increase in serum ¢holesterol levsl

than did the same welght of any other diatary fat (Well

and Bronte-Stewart, 1963).

1
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The concentration of cholesterol in yolk and plasma
a.'nd. S&Pm

ohowed a reverse relationship (Chand e at.., 1973).

The éhénotypic and ganetic correlations for yolk
cholesterol and blood cholesterol for the AC (meat strain)
population ware 0,14 and 0,03 and for ARB (crosses of
maat and agg strain) population were 0.0 and 0.59

respectively (Washburn and Nix, 1974).

Tha phanotypic correlations betwoen yolk and plasma
cholesterollwere small (0.04, ‘0,04 and =0.,08 for ungelected,
low and high lines respactively) as reported by Hollands
et al. (1980).

Sim ot al, (1980) studied the effect of dietary egg
yolk on szrum cholesterol levels of White Iaghorn cockrels
and found that high dletary levels of cryatalline
cholesterol had a greater influence on raising the serum
cholesterol chcentrétion than an equal amount of dietary
cholesterol f£ed in tha yolk form, No significant effect
was observed at the dietary cholesterol level less than
0.2 percent, irrespective of cholesterol source, Tha
corralation ccefficients batuaen dietary and serum
cholasterol levels wvare 0,97 and 0,77 for tha crystalline

and egg yolk powdor cheolestarol source respectively.
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vii) Influence of drugs and diet on egg yolk cholesterols
Kurnic ot al, (1958) did not observe appreciable
changes in cholesterol content of the yolk of ths eggs
from hans fed one percent cholesterol in the diet.
Further eggs €rom hens maintained for four and half years
on tha diet supplemented with five percent dried egg yolk
did not show altered yolk cholestarol concentration whan

samples following the dietary regime.

Levellle and Pisher (1959) and Combs and Hslbacka (1360)
demonatrated that diets c¢ontaining 10 percent corn oil
increased yolk cholesterol whereas 10 percent animal fat

did not effect yolk cholesterol levele.

Wood ot al. (1961) have shown a marked elevation in
volk cholesterol with thoe addition of ons percent cholesterol
to tho diet and noted that th- preasence of 10 percent corn

011 anhanced tha increasee.

In contrast to body depot lipids, ogg lipids changed
rapidly in response to changes in dietary fat (Hilditch

Bartov et al. (1971) studicd effects of differznt
vegetable oils on yolk cholesterol levelsp supplemanting
laying diet with 20 porcent gsafflower oil or coconut oil

produce a significant increase in yolk chwlesterol.

?
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Dietary lipids in the unsaturated form potentiated
the absorptioq/of frea cholesterol (Sim and Bragg, 1977),

”

Hood et sl. (1978) found the effect of dietary
monoterpenses on the cholesterol level of eggs. Feading
five monoterpenhn phorone or 200 mg cholesterol per day
to hens did not significantly changed the level of
cholesterol in the egy yolke.

Diazocholestarol significnntly decreased congentration
of cholestercl in yolk and iuncreased Cemmostorcl.
Diazocholegterol with Be-sitosterol decreasad choléstercl
and increased desmogsterol and total sterols in yolk

Sharma et al. (1979) found that tha compounds like '
garlic sarpagandha and nicotinic acid reduced egy cholasterol
;onaentratians significantly irrespsctive of the dose-
added, in White lLeghorns, After withdrawal the cholesterol
content of eggs from birds given anicotinic acid and garlie

powder tended to increase.

No differonce was axhibited in egg yolk cholestorol
among any of the groups of Coturnix quail which was given
various fibre sources like alfalfa, wheatbran, dried

brawsr's grain, celluloge and psctin (Sutton at al,., 1980).
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Sutton gt al. {1980) indicated in Coturnix quail
that quantity of cholesterol deposited ;p the egg on which
fibre intake, etiergy consumed or egg production had very
lictle effect Qnd that thore was an inverse relationahip
botween serum and tissue cholesterol levals and total

auantity of cholesterol excreted via the egq.

There was no significant difference of treatments of
the effect of dietary alfalfa of varying saponin content in
yolk cholaesterol level, han day ogg production and Haugh

units (Nakaue et al., 1981).

Egg quality and yolk cholesterol were not significantly
affected by cenergy level of the diet (Campos and Ferreira,
1981).

Environmental factors with yolk cholesterol:

The cholesterol content of egg yolk might be affected -
by a number of envirommental facters (Clarenburg et al,,
1971), Moudgal (1978) indicated that housing systems 4id
not have a significant effect on cholesterol content but
increase in dietary protein level €rom 17 to 25 percent
resulted in lowering the cholesterol content significantly
in White Pekin Ducks. '



viii) Yolk cholesterol and atherosclercsiss
Chicken was one of tho mos:t sensitive animal models
for cholesterol metabolism and experimentsl atherovsclerosis

studles (Katz and Stamler, 19537 Linsey et al., 1955).

Diets high in cholestarol and fat have producad a
form of atherosclerosis in many species (Clarkson, 1971p
MeGill, 19792 Vesselinovitch, 1979). Shih (1979) found
the atherogenicity effect of USP and purified cholesterol

in Japanese quail, g

ix) Selectionfoh yolk cholesterols

Al et al. ( 1978) reportad that a closed population
of White Leoghornd was divided into ‘low’ and ‘high'® eqo
yolk cholcosgterol sublineg., One generation of bidirectionsl
salection for low and high agg volk cholesterel resulted

in 71.45 ng¥ difference between sublines.

T™wo hundred and ninty seven mg of egg yolk cholesterol
separated the 'low! and ‘high' subling breedors in
genaration two, The low subline has averaged 93.5 + 4.6 eggs
per breeder during the last five months of layiné year
while tho high subline has averaged 74.9 + 6.4 aggs during
the samo pesriod (All et al,, 1979).

Marks and Washburn (1977) reported that they were not
ablce to dacrease yolk cholesgterol but were ablo to increase

it by direct selection.
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III Blood cholestarols

The action of dominant gene has been suggested as
operating in humans (wtlkinsoﬁ st al., 19487 Schaefer et al.,
1953; Pipe and Orrild, 19565 Harris Jones et al., 1957)s

Wileox at al. (1963) concluded that serum cholesterol

in chickens exhibited additive genetic variation.

Andrews et al. (1963) concluded that egg cholesterol
originated from serum cholesterol indicating a relationship

between yolk and serum cholestercl,

i) Mean values:
Average sorum cholesterol in the young pullet (six
wecks age) a3 well as adult hen (eight months) were 146 and

228 mg per 100 m) respectively (Wilcox et al., 1963).

The mean plasma cholesterol was 169 mg$¥ with a
standard deviation of 58 mg% in AC population. The serum
cholesterol lavel of the ARB population was 230 mg% with
‘a standard deviation of 63 mg% (Washburn and Nix, 1974).

Keminski et al. (1979) found the concentration of
cholesterol were 159,2 and 131.1 mg¥% in male and female

blood serum respectively,

Kaminski et al, (1979) reported the serum cholesterol

value as 145.7 mg, 157.8 mg, 226.3 mg and 184 mg/100 ml
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at four, 20, 28 and 32 weoks rospoctively for female.
The male cholestercel valuos wore 239 wg, 155 mg, 175 mg,
194 mg and 168 mg/100 ml at four, eight, 20, 28 and 32

waoks of age respectively.

The mean plasma cholestercl (mg¥) in females of f£ifth
genaration was 97 + 1,2 mgt, 69 + 8 mg% and 135 + 1,5 mg¥
for tha unselectad, low line and high line respectively

(Hollands et al., 1930).

Msan values for plasma cholesterol level ranged from
235 & 43 to 361 & 86 mygi¥ for high line and 205 + 41 to
74 ma% for low line scross eight genorations (Marks

and Siegel, 1930).

3i) Heritability:

Bumgardner (1955) obtainsd an eatimate of 0.42 as
heritobility for sorum cholesterol in a New Hampshire line.
Quantitative inhesritance has been postulated in rats by
Rohn (1950) and in mice by Weibust (1969) who obtainad
realized heritobilities of 0.48 for males and 0.59 for
females, in two generations of crosses of unrelated 1nk;;md

strains.

Cherms et al., (1960) reported heritability estimates
as 0.19, 0.41 and 0,30 by sire, dam and combined component

respectively in a randombred population of White Leghorns,

38
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Serum cholestaerol levels were measured at six to nine
veaeks of age in random bred White Leghorns as well as lines
selected for diffarentiation in c¢holesterel. Significant
differences between dam families wers 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 levwel (Cherms et 2l., 1950).

Wilcox et al, (1963) reported heritability estimates
for plasma cholesteral of 0.34 for sire and 0.17 for dam

conponent in a population of random bred White Leghorns.

Average heritability of serum cholestarol was 0,25
{(through sire and dam component) (Wilcox et al., 1963)
which was closz to that obscrvad by Cherms et al. (1960).

The horitability estimate for serun cholesterol level
in ARS population was 0,56, There was no significant sire
effect on plasma cholaesterol in the AC population and the
heritabllity astimate indicated no genstic variance for
plaama cholesterol in the population (Washbura and
Mix, 1974),

Tha heritability for plasma cholesterol by regression
of progeny on mid parent was 0,25 in tha high 1ine and
0,16 in the low line (Marks and Siegel, 1980).
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Hollands et al. (1980) estimated thes heritability of
the plasma cholesterol of the unselected line (White
Leghorns) as 0,2 to 0.3. Tho estimates of the two sexes
agreed reasonably well thus showing little evidence of
elther dominance or maternal effects, The realised
heritabilities in the selected lines were somewhat lower

than the heritabllity from the unselected line.

1ii) Correlationss
a) Age and blood cholesterol:

Serum cholesterol lavels were decreased from six
weeks through 12th week and then increased upto 20 weeks

in chicken (Estep et al., 1969)

Kaminski et al. (1979) reported the effect of age on
lipoproteins and cholesterol in blood serum of White Rock
hens and the cholesterol values were 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 were
239, 155, 175, 195 and 168 mg/100 ml at four, eight, 20,

28 and 32 weeks of age respectlvely.

b) Sex and blood cholesterol:
In human, the levels of high density lipoprotein (HOL)
cholesterol in females were higher than in males

(approximately ten mg/100 ml. plasma) and females have a

&4
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lowar incidence of coronary heart discase (CHD)

(Cagtelll et al., 1977).

Kamingki et al. (1979) studied the relationship botwaen
the total cholesterol in blood gerum and cholestorol
deposition in certain tigsues of broiler chickens at nino
waeks &nd found concentrations of cholesterol were
159,.2 mg/100 ml and 131,1 my/100 ml for males and females

in blood gserums

In single comb White Leghorns males at nine to 10 weeks
of age had higher plasma cholesterol (113 mg%) levels than
females (100 mg}) of the same age (Hollanda et al., 1930),

c) Bleod cholasterol and body weights
Bumgardner {(1955) observed a significant posi :ive gonetic
correlation batwoaen cholasterol level and bedy waight at

four weeks of agos \

Walds and Pisher (1957) found no relationship betwaen

adult body weight and adult ¢holesterol level.

Thera was a atatistically significant poaitive
correlation betwson cholesterol level of tho young pullat
and adult cholesterol level and a negative correlation
batueen cholestorol level and body welght at aix waeks of
aga (Wilcox ot ale., 1963) and he found the correlation of

0.13 Between cholesterol levael in tha young chicken and

Al
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adult body weight (eight months) was quite low and was
identical to the repeatabllity value obgerved by Hardy
et al. (1962) for cholesterol level in serum collected at

sixx and gaven weaeks from the games birda.

Swierczeuska gt al. (1981) aestimated the cholesterol
in blood serum of Balle~Bruwinoskie (meat type) and Rhode
Island Red {agg typs) cocks and hens. Thare was a close
correlation betwaen sarum cholesterol and body waight at
£ive weeks of agae than at eight wasks of aga« The correlation
baing positiva in th2 meat typ2 cocks and nagative in the

m2at type hens, egg type, cocks and hens.

d) Blood cholesterol and egg production traitss

No significant correlation between egg production and
adult cholestorol level was noticed (Lorenz et al., 1933),
Veiog andFisher (1957) reported a non significant poasitive
correlation between the rate of egg production and serum
cholesterol, while Johnason at al. (1959) reported a non=

significant negative corralation.

Loveille and Fisher (1959), Svacha (1959) and Smith
(19569) reported a significant negative correlation bhetween

rate of egg production and serum cholesterol.

Substantialy positive genetic correlation were obsorved

batwaen cholesterol level and hody weight at sight weeks,

- -
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age at f£irst egg, egg production and albumen quality.
A substantial negative correlation was observed for adult

body weight (Wilcox et al., 1963),

Andrews et al., (1968) renmorted that in the laying fowl
tha gpecific activity of plasma cholestercl rose during
tha first 32 hours of production,

The ostimated genetic correlation for plasma
cholestorol and egg production was negative (Hollands
et al., 1980),

Hollands et al. (1980) reported tho genetie correlation
of plasma choleste ol with age to first cgg, and egg
waight as «0,047, 0.191 respactively in White Loghorns and
phenotypic correlations of plasma cholesterol with the
gam2 traits in order as 0,140, 0,002 respectively.

iv) Influence of diet on blocd choleaterols .
Goldamith gt al. (1960) stated that excretion of bile

2eids in human increased 20 to 25 poercent conconitantly

with a decrease in serum cholesterol whon polyunsaturated

fatty acids vare fed,

Tha apparent asseelation betwaen cholesterol lovels
and livability might have baen caused by starvation just
bafore death, because fasting could cause elevated

cholesterol level (Hardy ot al., 1962).



Edwards and Jones (1964) reported both yolk and
blood cholesterol of hens havé increased following consumption
of high levels of cholesterol in tha diet.

Choleasterol supplementation of the fat diet showzd a
significant increase in the fascal bile acid excretion
(Portman and Stare, 1959 Wilson, 19645.

An increase in the fascal ocutput of total neutral
sterols was also demonstrated in human studied when
unsaturated fatty acids were includad in the diet (Grundy
and Ahrena, 1966 Wood et al., 19667 Moore et al., 1968;

Connor gt al., 1969).

Daghir and Porooshani (1968) showsd that dietary
cholasterol significantly increoassd serum and liver
cholaesterol. Commercial egg strains were grown on dlets
eontaining different levels of protesin. The protein level
influenced significantly in serum cholesterol levels

(Eﬂt@p EE QA.. 1968):

Cholastarol in tha mammalian system waz aliminated
entirvoly by excretion into the faces as neutral steroid
and bile acids (Danislson and Tchen, 1969),

Addition of every sdditional 100 mg of dietary
ocholastarol would cause elavation ¢f £ive mg sorum

cholesterol (Halloway, 1969).
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Bartov gt al. (1971) studied effects of different
vegetablo oils in plasma cholesterol levels, Changes in
plasma c¢holesterol lavels dus to diatary‘treatmant wore
not uniform for the hans 6f each treatment, except in
case of gtarol unsupplemented coconut oil wherein 90
percent of the hens €ad this o0il ezhibited higher plasma

cholegtorol levels.

Kruski and tlarayan (1972) pointed out that liver
axhibited tho greatost response to a cholesterol diet.
Liver and serum ware considered as a pool of cholesterol
and tha concentration of cholesterol in the liver was tha
prineipdl factor controlling cholaesterol metabolism in
chickena,

Among the plasma (or serum) lipoproteins induced by
ch:lasterol feeding, tha vary low denaity lipoprotein
cholesterol was markedly iqcreased in pigeons, cuail andg
chickens (Jones and Dobrilovie, 1969y Day ot ale., 1974y
Krugki and Nerayanan, 1972 Narayan and Calhoun, 1975)
and in rabbits (Shore gt al., 1974; Day et al., 1974).

Cholesterol feeding resulted in a hypercholestaremia
with a distinctive hyperlipoproteinemia in different
animals (Mahley, 1978).

e



Serum cholesterol level was elevated in the pectin
and whaat bran diets. There was an inverse relationship
between both serum and tissue cholesterol level versus tha
total quantity of cholasterol excreted via egg (Sutton
et al., 1980),

Comparativa hypsrcholesterolemic properties of two
dioctary cholesterol sources viz. crystalline and egg yolk
pouwder wore investigatsd in White Leghorn male chicks,
High dietary levels o6f crystallins cholesterol had a
gignificantly greater influsnce on raisiang the serum _
cholaestarol concentration than an equal amount of distary
yolk.cholesterol, No significant effect was observed at
the dietary cholesterol level less than 0.2 percent
irraeapective of cholesterol sourcs. The correlation
coefficients betwaen dlctary and gserum cholestercl laevals
ware 0,97 and 0477 for thz crystalline and egg yolk powder

cholastorol scurce ragpactively (Sim et all., 1980).

Sarum ¢holesterol level was elevated in the birds
(coturnix quail) fed the pectin and whzat bran diets

(Sutton et al., 1930).

In White Leghorn cockrels, the serum cholesterol wvalue
with the cholesterolefree diet was lowest (113,0 mg%) and
the highest was with 1,0 perceat crystalline cholesterol

dict (384.8 mg¥) (S5im ot al., 1930).



The serum cholesterol levels with egg yolk diets at
graded levels (from 0.25 to 1,5%) were significantly lower
than that of one percent crystalline cholesterol level
(0.25%)s Howover, egg yolk cholesterol diet produced
slightly but significantly higher serum cholesterol level

than thz crystalline form (Sim gglgg.; 1980).

In comparison to recrystallized cholegsterol treated
quail, oxidised cholesterol treated qguail exhibited
siganificantly incroased sezrum and liver cholesterol
concentrations and incroased severity of atherocsclerotic

lesions (Donaldson, 1982),

Wa and Donaldson (19382) stated that serun cholesterol
had a positive association with liver cholesterol in

cholasterol=£fad quaile.

Panda ot al. (1983) found that tannic acid at one
percent and fat or oil at two percent had a synergistic
effect on increase in plasma cholasterol., Tha fat and oil
incraased plasma cholestarol but ths increase was greater
with fat, The results wers of siqnificance in human
nutrition in view of the tannic acid content of tea and

coffee,

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

and cholesterol on cholesterol concentration and lipoprotein



pattern in tha cerum of chickens found that in ths groups
ou cholesterol containing diets thare was a ghift ian the
lipoprotain pattern from the low density lipoprotein to
the intermediate dangity lipoprotein and very low density

lipoprotein, -

Normal rabbits fed with dietary cholesterol developed
cholesterol deposits in all of their blood vaessels, not
just the coronary arteries, In human cholesterol
accumulated preferentially in the coronary artaries.
Hatanabe rabhlts davelopaed a heaart disease that closely
rosembled what cccured in hreman (Anonymous, 1983),

v) Blood cholesterol and atherosclerosiss

Many investigators have demonstrated a gorralation
batween raised gserum lipid lovels and the incidence of
coronary hsart dlseasg and atherosclerosis. Havel and
Carigon (1962) stated that thes serum cholesterol has been
ona of tha most chief factor in causing the incidence
of corcnary heart disease and atherosclerosis begides
other factors such as phosph lipid ratlo, lipoprotain
concentration, serum triglyeerol concontration atec.,

causing the heart discase.

Androw Gement (1965) found absorntion of cholesterol

was one of the various facets of comslicat d mechanism of

48



athercma formation, the major part of the mechanism was
metabolic enzyma and hormone controlled. Cholesterol
found in athsromas wag not synthesized locally but was

derived £rofm blood.

Elevated serum gholesterol level played a central .
role in tha genesis of atherosclerosis and coronary hsart

digease (Connor, 1968),.

High density lipoprotein (HDL) was considered as a
protective factor against chtonie heart dissass (CHD) and.
very low density lipoprotein (VLIDL) and low density
lipoprotein (LDL) were considered to promote tha disease
proceas, Racent reports indicated that the ratio of high
density lipoprotein (HDL) to low density lipoprotein (LDL)
cholegterol or high density lipoprotein (HDL) to low
dansity lipoprotein (LDL) and very low dansity lipoprotein
(VLDL) cholesterol may be a measure of resistance to
Atherosclorosis in human (Gluek, 19763 Kennel et al., 1979s

Makal et al., 1981).

The plasma high density lipoprotein (HDL) cholesterol
level was negatively correlated to the risk of coronary |
heart disease (CHD), whaereas low density lipoprotein {(LDL)
and very low density lipoprotein (ViLDL) cholesterol had a
positive association in human (Gordon et al.., 1977:

Castelli gt al., 1977 Anonymous, 19787 Kannel et al., 1978).

\
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Tho dagrea of dlet aggravated atherosclerosis was
studied by Bitman and Wood (1980) in Japanese cuail. Xo
atharogsclerosis was seen in birds not f£ed with cholesterols
With cholesterstl feesding, male Sus ISﬁsceptib1e) birds
exhibited ths graatest incidence of atherosclerosis '
vhereas the female RES (Resistant) birdas exhibited the
least. Aortic cholesterol c¢oncentrasion was considerably
highor in males -as comparad to females. The high
concantration of cholasterol circulating in the blood was
the only possible explanation of higher incidence of

atherosclerosis,.

vi) Selaction{ch blood cholesterol:

Serum cholesterol lavels were measurad at gix to nine
veeks of age in randombred White Leghorns as well as lines
gelectad for differentiation in cholesterol, Significant
differoncas bhotween dam families wore noted in two
successive years and horitability was estimated to be 0, 30.
After three generations of selection two lines have heen
developed which differed significantly in scrum cholesterol

level (Cherms et al., 1960),

CGanetic correlations would be of usa in predicting
the performance of lines selected for high and low cholesterol
level, Tha2ir magnitude suggested that there was a genatic
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rala tionship batwesen cholesterol level of the young chicken
and subsacuent body weight, age at first agg, egg production
and albumen quality (Wileox et al., 1963).

Hollands et al. (1980) studied the response to five
gonerations of selection for blood cholesterol levels in
White Leghorna. -Tha respous to five generations of
salection for high and low plasma cholesterol levels was
exanined in two lines of single comb White Leghorn

chickens derived from the smamo population.

Differcnces between the two selected lines in the
£ifth generation was 37 mg percent for males and 33 my
porceat for femalaes. High cholesterol levels were
associataed with high mortality. After five ganerations
of selsction for plasma cholesterol, yolk cholesterol was
108 mg¥% lower. in thae low selectad line than in the controls
(Hollands at al., 1980).
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‘MATERIALS AND METHODS

I POpuLaéion under studys

This exporimant was carried out at the poultry
section of the Livestock Research Station, Kattupakksm
during the year 1980 to 1982. Meyer strain single combd
White Leghorns maintained under index selection programme

wera used for tha study.

IT Collection of datas

The pedigreed birds balonged to £ifth generation
under index selection programme were taken for collectioﬁ
of data for egg yolk c¢holesterol, plasma cholesterol and
other economic traits. A total of 696 pullets belonging
to fifth generation under 28 sire families were included
in the study. The data was collected at 32, 40 and 72
waoks ages of the birda,

III Managoment oﬁ‘birdsn

Pedigre2d chicks were raised in a single hatch and
kept in brooder houses upto ten wezka of age, gexed and
then put into grower house. At 20 wecks of age all the
birds were weighed, wing badged and housed in the layer
house with a floor spane of three square feot per pullaet.

Thay were reared under intensive deep litteg system in &,

\
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semi-monitorAera aluminium roofad housss, Faddy husk

was used as litter material.

Ia each pen, one aluminium two way trapnest of
3' x 1,5' with three holes was used for trapnesting.
The birds were trapnested from 7.00 A.M. to 5.00 P.M.

daily. EBEgg weights ware recorded upto 40 weesks of age,

Faedings

Thg chicks yeare provided with adlibitum £eed by
hanging metal fe>ders and running water channels were
used for watering. Separate grit hoppers wers providad
with shell grit which was made available as free choice.
The feeding and othar management practices wars kept
constant throughout the experimental periods The chicks
were £od adlibitum from 0 to 8 weeks of age, grower mash
from 8 to 20 weeks of age and layer mash thereafter. The
composition of mashes are given i{n the Appendix I,

Collection of eggas

Three consaquative eggs per hen were collected and
analysed for egg yolk cholesterol. The eggs were stored
at a temperaturs of 21°C bafore tha analysis of egg yolk

cholesterol,
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IV Expsrimental methods:
1) Determination of egg yolk choleaterols :
Egg yolk cholesterol determination involved extraction
of cholesterol from the egg and measuremant of isolated
cholesterol. Yolk cholesterol was determined by a
modification of Folch et al. (1956) extraction method by
Washburn and Nix (1974). Eggs were hard cooked as per the
method of Baker et al. (1930). In the modified extrection
procedura yolks were separated from the remainder of the‘
egg. A sample of one gram yolk was mixed with 15 ml of
2 ¢ 1 chloroform « methanol and sheken 12 times by hand,
five ml of distilled water added and the sample again was
shaken 12 times by hand. After centrifugation at 2500 rpm
for ten minutes, the agueous methanol layer was removed by
suction and discarded: The chloroform layer was f£iltared
through fibre glass filter papar into a8 test tudbe, stoppered
and stored at 5°C for assay of mg cholesterol/g. yolk by
the standard Zlatkis mathod (Zlatkis gt al., 1953),

colourimetric assayc.
To 0.1 ml of eqgg yolk axtract was added three ml of
aldehyda=-free glacial acetic acid followed by two ml of

ferric chlorids reagent.

This ferric chloride reagant was made up by dissolving

10 g FeCl, in 100 m1 of aldehydeo-freeo glacial acetie agcid

-
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and then éilqting two ml to 200 ml with concentrated
sulphuric acid. After mixing the intensity of tha puzpie
colour was measured at 560 mu in a Erma photoelectric
colourimator., The amount of cholasterol was then estimated
by reference to a standard curve, This method was rapld
and did not involve saponification since equimolar
concentration of cholesterol ester and cholesterol gave

colours of equal intensity.

i1) Detarmination of total plasma cholesterols
Principle:s

Whon a solution of ferric chleride in acetic acid was
added to the plasma, the plasma proteins were rapidly
precipitated leaving the liberated cholesterol in the
supernatent solution, A diluted aliquot of the supernatent
fluid from the plasma when treated with a specific amount
of concentrated éulphuric acid, yielded a colour that was
stable, sensitive and reproducible, reacting according to
Bapr’s law. Tha absorbance of coloured solution was
measursd in Erma Photoelectric colourimeter and the total
cholesterol level was read againgt the standard graph

prepared previously.

Collection of plasmas
A two ml blood was collected fron the brachial vein

of the bird. Individual blecod samples were placed in

Af



haparinised test tubes and centrifuged. Aliquots of
placsma wore frozen for later analysis of cholesterol via

a colourimetric- assay.

Methods

The standard wethod of 2latkis (Zlatkis et al., 1953)
was uysed in tho estimation of plasma cholesterol, This
procadure was adopted bacause 0f its suitability for its
short working time and necessity of collecting only a small

amount of blood for the experiment.

P
Raagents useg/;n the estimation of total plasma cholesterols
Farric chloride stock resagent:

This roagesnt wag preparaed by dissolving 840 mg of
Fecl 4 GHQG in 100 ml of aldehydeefrae glacial acetic acid,

Farric chloride precivitating reagents
This was prepared by diluting the stock reagent 1 3 10
with aldehyde-free glacial acetic acid.

Ferric chloride blank and diluting reagenty
This reagent was prepared by diluting 8.5 ml of the
stock reagent to 100 ml with aldehyde-free glacial

acetic acid,

Cholestercol stock standards
The cholesterol stock standard was prepared by

dissolving 100 my of pure, dry cholesterol in 100 ml of
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aldehyde=free glacial acetic acid.

Cholesterol working standards

This was prepared by adding one ml of stock standard
to 0,85 ml of the stock reagent of ferric chloride and
made upto ten ml with aldehyde~free glacial acetic agid,

J

Concentrated sulphuric acid.

Praparation of the standard graph for plasma cholesterols
A fresh working standard which contained 0.1 mg in

one ml was prepared. Zero, one, two and thre2 ml of this
freshly prepared working standard wera di{luted to four ml
with the diluting solution of ferric chloridey 0,1 ml of
physiological saline was added to each tube. Three ml
aliquot of this solution were withdrawn from sach tube and
two ml of concentiated sulphuric acid were added to each.
The solutions wera mixed thoroughly by means of tapping the
tubesg with the fingers and the solutions were allowed to
cool to the room temperature. The absorbances of the

three standards in comparison with that of the blank were
measured in Erma Photoelectric colourimester sat at 560 mu.
1Ercm the figures obtained the standard graph was constructed
wvith tha concentration along the abscissa and the optical
density along the ordinata,

Estimation of total cholaesterel in plasmat

0.1 ml of plasma was pipetted into four ml ferric
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chloride pricipitating reagent and this was mixed well

by tapping with fingers., After two or thres minutes, the
mixture was filtered into a small test tube, To & thras
ml aliquot of tha clear yellow filtrate two ml of
concentrated sulphuric acid was added. The reagents were
mixed well and the resulting solution was parmitted to
cool down to room temperature., Than tho abgorbance of

the solution in comparison with that of the blank was
measured in Erma Photoolectric colourimeter set at 560 mu.
Benenson (1955) reported the permitted variation for blood
constituents. The ¢ontrol of accuracy by photoelectric
colourimeter was as checked by Benenson (1955), for
cholesterol and cholesterol ester to the extent of + 0.9
percaent. For each sample of plasma, a control test was
also done and the average reading was taken. If the
abscerbance value exceeded 1.0, the final colour was diluted
1 3 1 with blank reagent in order to extent the range of
anslysis, The Opiégal density was read against the

concentration from the standard graph.

Caleculation:

Optical density of the unknown sample
mgs cholesterocl = x 100
Optical density of the standard
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V Definition of characters under studys
mgy.cholesterol /g, Yolks

Among avian species, strain or line diffesrences existed
primarily with respect to the amount of cholesterol per
unit weight of yolk, hance mg.cholesterol/g.yolk was taken
as a measure of egy yolk cholesterol and defined as the
egg yolk cholesterol concantration expressed in milligram

per gram of yolk.

Total yolk cholastorols

© Total yolk cholestercl was taken as a trait aince the
total yolk cholesesrol 4s the amount of cholesterol a
person would ingest by way of one egg and it is obtained
ag the egg yolk ¢holegsterol concentration per gram of
yolk maltiplied by the total yolk weight and expressed in
milligram.

Plasma cholestarols

Tha‘plasma,cholesﬁerol has a correlation with agg
yolk cholestercl, HMHance it was taken as a indirect
nsasure for easy selaction for low cholastercl and it is
definad as the concentration of cholesterol per 100 ml of

plasna and is estpressed as milligrams percent.

Hatch welghtt
Hatcehad out chicks were weighed in a singlo pan

electrical balance and exprossed as grame
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Body weight at 20 wackss
The pullets/cockrels were waighed at the age of 20
waeks in an electric Xeroy balance of 0.1 g accuracy and

expressed as gram.

Age at sexual maturitys
The ege of the bird in days when it laid its £irst egg.

Body weight at sexual maturitys
Weight of the bird in gram on the day of first egg

measured with an electric Keroy balance of 0,1 g accuracy.

Body weight at 32 weeckss
The pullets/cockrels were weighad at the age of 32
weoks in an electric Keroy balance of 0.1 g accuracy and

expressad as gram,

Body welght at 40 weeks:
The pullets/cockrels were weighad at tha age of 40
weecks in an electric Keroy balance of 0,1 g accuracy and

expraessed as gram.

Egg numbers:
Number of eggs laid by & pullet upto completion of

40 weaks of age.

-



Egg massy
Caloulatad as tha total walght of ogg (gram) laid

by a pullet upto completion of 40 waeks of aga.

Egg twolghts
Average waight of eggs taken for analysis at
appropriate woeks, weighad in single pan electrical balance

of 0,0001 g accuracy, and expressed as gram,.

Hard cooked egg welights

Tho aggs and tap water sufficient to cover the eggs
ware brought to a boil on 'high'! of the hoater in a 200 ml
covered saucepan, The pan was removed from the hesating
surface angd left to stand for 25 minutes, The hard cooked
egé wera woighsd in a gsingle pan electrical balance of

0.0001 g accuracy and axprassed as gram.

Yolk woights
Yolks were soparated after the eggs were hard cooked,
Individual yolk was walgh2d in a3 single pan electrical

balance of 0.0001 g accuracy and expressed as gram;

Shape indoxns

Tha langth and width of the egg were measured upto
1/10th of a mm with a Vernier calipers. The length was
moagured as the distance batween th2? poles and the width

—ces
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as the distancs at the maximum circumference of eyg.
Shape index was caleculated by the formulas
Greatest width

Shapa index = o= . x 100
Greatest length

W

VI Mathod of statistical analysisi
i) Estimates of haritability:

The heritablility was calculated by half sib analysis
with unequal aumber of progany as per King and Henderson
(1954), The statistical modal was,

Y3 -/{a + 5, +eif
where Yij = the obgervations on the §* {ndividual of the
1th sire
/4.1 = general mean
Si = effect dus to 1*? sire with E(S1) = O and
v (51) = §5° '
eij = random effect due to error with E(eij) = O

and V(eiy) = (o2

Analysis of variances

- e G M G v Wb wh M W AR e W W AR e W A W @ B R MR W A A W

3§gfggig§ df S#SQ MOS. E-I‘I.S.

Botwean sires (Sw1) ss s M3 s (ez-o-K(Sz
8

Within siras £ (ni=1) 58S, MS, G2

i=l

B G A AP S NP G wan S G dgr S YR wp AR ws v Y e GF WR e A W AR D ae

S = Number~of asires
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whare ni = number of progenies for 1th‘ sire

3
S ni = total number of progenies =N
i=1

The variance components djg estimates L/4th,of tha
additive genetic variance, 1,/15th¢ of the additive x
additivoe genetic variance and the various amounts of the

sex = linked variance dependiug upon the species,

The variance components<§% estimates the remainder

of the genetic variance plus all the eanvironmental variance.
2
Heritability h2 = ‘-;-—-":g--
s tee

The standard error of the heritability was calculated

as per Swiger et al. (1964). —

2(Nwe1) (1=t)? 11+ (k-1) & [2
SE (n%38) % 4 = { }

(N-S) (S—1)

whera t = intra class correlation

- 58 __
2
a'de
A waighted average of the heritability estimates for the

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

was taken, the weight being the reciprocals of the



variance of each estimate, The variance of this average
estimate was computed as a reciprocal of the sum of

the weights. The computational equations weres

2
\'4 vih 40) v(h®,,
; + 12 + 12
MALIEYY Vin"4q) vih®,,)
viid )= 1 [ Ly L
A v(n2 v(n?,.) v(ni,.)
32) 40 72
2 2
SQE. (h A) u\/v (h A)
h?A = Welghted average of the heritability
n®,,= Heritability at 32 weeks
n®, = Horitability at 40 weeks

n?,,= Heritability at 72 waeks

i1i) Estimation of genetic correlation:

Genetic correlations were calculated using sire

component of variance and covariance (Becker, 1968),
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Analysis of varianca and covariance:

B
W T S AR R ap B G M GD A W A Ge W W AR SR WP M D G G BE W W W W A W

Sourc¢e of M3 MSP MS
variation at x xy Y BMSP

W wp WS mp MR e S W UR WS S TR A Al AP We WP G WP G WD W TR S WP AN TR W A W

Betwsen sires (Se1)  MSy (., MSP ) MSy ) GeXy+K(GRY

S .
Within siresii{ni-i) M3y (x) Mspe(xy) Mse(y) (e-;:y

---n--/----‘-----ﬁ-------~~---~

Covariance COV o ) estimates I/A‘th of additive

(xy
genetic covariance, l/mth of additive x additive genetic
covariance and other non-additive covariances., The
genetic correlation between two trajits x and y was

calculated as given balows

cova(xy)
Tq (xy) = —
Jgﬁ"lz‘(tbo’éz(y)

where r (*d)lgenctic correlation of the traits x and y

cov_(xy) = sire component of covariance of traits

x and y

2
(Q(g) w gsire component of varlance of trait x

(2 =» gire component of variance of trait y
a(y)

The standard error of genstic correlation wag |

calculated as per Robartson (1959),

v



2
66

SE P, 53 ee—— S8E (h® %) * SE (h° y)

G NEDD 3 3

h=x 0 h 4

wherg SE £ = gtandard error of the genetic correlation

sB (h?x) = gtandard error of heritability of trait x
a8 (hzy) = gtandard orror of heritability of trait y
h?x, h%y = hapitabilities of traits x and y

£ (a3) = ganatic correlation betwesn ths traits

Phenotypic correlations:
Calculated ag simple product moment correlations

Y Poey): = ‘ —
(- ot ere . gt )

The etandard crror of phanotypic correlations ware

caleulated by tha formala

1 - %P (uy)
Nadid,

st (ePxy) =

yhere N 1s the total number of pairs of observationa.

Eavironmental correlationst

The environmental correlations ware calculated as

per Pillai and 3inha, (1968k



E Ccov (xy)
I = == ——
(E var x) (E var y)

The analysis of the data was made with uptron

computer of the reliance computer centres, Bangalore.
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RESULTS

I Bgyg yolk cholasterol:
Thoe cﬁblesterol levels in eggs were measured ag
a) mg.cholesterol/g.yolk
b) Total yolk cholesterol (mg)

™he above maasurensnts ware made at 32, 40 and 72 weoks

of agas of the birds balonging to index gelection programme.

1) Mean valuens
The ma3an values with gtandard error and coefficiont

of variation are prssented in Table I.

a) ng.cholesterol/g.yolks

Th2 mpan valucs rangoed from 16.16 mg at 32 wocks to
17.84 mg at 72 wvosks of age with gradual incroase as tha
age of bird advanced. Tha pooled mean over tha ages was
16.87 mg. The coefficlent of variation of this character

wag batween 14,97 to 16.85 parcent.

The differcncoz in thz2 maan values at different ages

wero highly aignificant (P<L0.01),

b) Total yolk cholasterols
The mean values ranged from 218.18 mg at 32 woeks to
324.54 mg at 72 weeks with an over all mean over ages was

246.81 mg. The coefficient of variation was batwaen 16,97



TABLE I

MEAN VALUES OF MEASUREMSNTS OF GG YOLX CHOLESTEROL

Measurenent of egy yolk cholesterol

ths bird mg.cholesterol/ Total yolk
g. yolk cholesterol {(mg)
Number 696 696
_ Mean 16,16 218,18
32
S.B. 0.0917 1.,4037
C.o.v' (% 14.9735 16.9754
Number 696 696
Mean 17. 35 258.00
40 .
S - E. 0. 1109 30 2174
Ce0. Ve (%) 16.8504 32,8978
umber 163 163
Mean 17.84 334,54
72
S.EBs 0.,2123 4.9338
C.0.Vl. (50 15,1918 18.8293
Number 1555 1558
Mean 16.87 246,81
Pooled
B.Ee 0,0782 1.4410

CoO.V. (%) 16,3897 23.0079
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A

to 32,90 percent showing existence of high variability for
this characéer. The diffarences in the mesan values at

the three age groups were highly significant (P{0,01).

11) Heritabilitys

Heritability was worked out for the measurements of
agg yolk cholesterol using 696 progenies balonging to 28
girea., The mean squares and estimates of heritability

wvith the standard error are presented in Table II,

a) mg.cholesterol/g.yolks

Tha haritability estimates ware 0.2415, 0.2377 and
0.2955 at 32, 40 and 72 weaks of age respsctively indicating
more or less the same heritability at all ages as may be
judged from tho magnitudo of their standard errors. But
the pooled estimate over all ages was 0.2886 with a
standard error of 0,0137 indicating the haritability of
the character was low in this population. The sire
diffarences for this character were aignificant at all

the ages.

b) Total yolk cholaesterolt

The heritability estimates wera 0.2555, 0.2210 and
0.2239 ot 32, 40 and 72 weeks of age respectively indicating
more or leaa similar heritabllity at these age of the birds.

b4



TABLE II

ESTIMATES OF HERITABILITY OF EGG YOLK CHOLESTEROL

+
b;

Age of . Mean squares

%Eieﬁigd variation af mge.cholestercl/ Total yolk
d. yolk cholestarol

Batwaen al res 27 20,5480 ** 14456.7 **
Within sires 658 7.8956 \ 5349.5

32
Heritability 0.2415 0.2556
Standard error 0. 1403 0.1260
Botwaen slres 27 22,4051 ¥+ 17740, 3 **
Within sires 668 28,5385 7216,7

40 )
Heritability 0.2377 0.2210
Standard error 0.0412 0.,1104
Baetweon sires 27 11,4041+ SOBQ.GNS
Within sires 135 724047 3778,9

72
Horitaebility 0.2955 00,2239
Standard arror 0.0144 0.3794
Haritability 0.2836 0.2355

Pooled 7 .
Standard orror 0.0137 0.0811

*+ Highly significant (P<L0,01)
* gignificant (P 0,05)
HS Not significant. LP 70 05)
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But the pooled astimato over all ages was 00,2355 with a
o}
standard error,0,0811 indicating a low value of

haritability for this character also.

Sire effects woere highly significant (p<0,01) at

all agaes axcept at 72 waeks of ago.

111) Eprrelations:

Corralations of ths maasures of egg yolk choleaterol
uith the following production traits were coméutea to
study the association of cholaesterol level with production
traits.

hatch waight,

body weight (20 weeka),
age at maturity,

weight at maturity,
body woight (32 wocks),
body weight (40 weeks),
egg waeight,

yolk waight,

plasma cholesterol and

shape index.

a) mge.cholestorol/g.yolk with agg production traitss
1. Correlations at 32 weeks of aget

The estimates of genetic, phanotypic and environmental



correlations of mg.cholesterol/g.yolk at 32 waeks of age
of th2 bird with production trailts are prasonted in
Tablae IIXII.

Corralations with bQGy waight traita:z

Corralations with hatch weight, bedy weight (20 waeoks),
weight at maturity, body woight (32 weeks) were estimated,
The genatic.correlatiéns with body weights were positive
and ranged from 0. 1259 at 20 waeks of age to 0.8036 at
hatch, Thoy waro moderate to high excopt for the
corralation botween mg.cholasterol/g.volk and body weight
at 20 waecks of age. Highest correlation was encountered
with hatch wveight. Ths phenotyoic and eavironmental
corralations were very low and were negative in most

instances.

Correlation with age at maturitys
The genetic correlation was negative and fairly
high («0,4291), while phenotypic and environmental

correlations vare low.

Correlation with egg waighue
Th2 ganctic correlation was positive and medium whilo

phanotypic and environmental correlations woroe low.

Corralation with yolk weights
The genotic correlation was negative and fairly high

while phanotypic and enviroumental correlations ware low,
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COrrelation-with total yolk cholesterols

The genetic correlation was low with a large standard
error while the phenotypic and environmental corralations
were vary high with small standard error. However, the
teliability of genetic correlation obtained is questionable

due ¢t0 a very high standard error.

Correlation with plasma cholestarolts

The genetic, phenotypic and environmental correlations
ware very high betwaen thase two characters indicating
very close genetic, phanotypice and environmental relationship

betwaen tha characta:a.

Shape index:
The genotic, phenotyplc and environmental correlations
wore uniformly low indicating that the shape indax was

independont of the cholesterol concentration in egg yolke.

2. Correlations at 40 wesks of ages

The estimates of genetic, phonotypice and environmantal
corralations of mg.cholasterol/g.volk at 40 weaks of thes
age of th2 bird with production traits are presented in
Table IV.

Correlation with body welght traitsi
Correlations with hatch weight, body weight (20 Wﬂ@k3)¢|
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waight at maturity, woight (40 wacks) wore estimetod,

Tha ganatic correlation of this character with body weight
traits waro gonerally positive and low excapt it was
negative with body weight at 20 wasks. Ths phenotypic

and onvironmental correlations wore lov.

Corrolation with age at maturityt
Tha genetic corrolation was lov, while the phenotypic

and eavironmantal correlationz weore very low.

Correlation with egg wolght:
Th2 genotic and enviroamental correlations warz low,

while the phenotypic corrolation was very low.

Correlation with yolk weights
The gonetic correlation was low and phenotypic

corralation was very low, while the environmental correlation

was high.

Correlation with total yolk cholasterols
Th2 ganetic, phenotypic an? environmental corralations
wore uniformly high indicating the close relationship

batwaosn th: characters.

Corrolation with plasmz cholesterols
Tha genetic, onvironmental corralations vwere low

while tha phanotyplc corrolation waa wvery high,
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Corrolation with shaps indaxs
Tha phanotypic and environmantal correlatioﬁs ware

madium while the genatic correlation was unreliable.

2

Correlation with ogz maoss
The genetic and environmental correlations ware low,

while phsnotypic corralation was vary low.

Correlation with agg numbers
Tho gonetic corrslation was negative and low and
phanotypic corrolation was vory low, whilo environmantal

correlation was positiva and low,

3. Corralations at 72 woeks of aged

Tha agtimataa of genatic, phaﬁotypic and environmental
corralations of mg.cholasterol/g.yolk at 72 waeks of tho
agoe of tho bird with othar traits are pragscented in Table V.

Corrolation with egg welghts
The gonatic correlation wan low and negative, while

ths phanotypic and environmontal corrolationc were vory low.

Correlation with volk weightt
The ganotic correlation was negative and very high

while tha nhonoty»ic and environmantal corralations woro

vary low.
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Correlation with total yolk cholestorols
The genstic correlation was low while the phenotypic

and environmental correlations were very high.

Correlation with plasma cholesterols
Tha genatic corralation was low while ths phenotypic
and envirconmental c¢orrelations woere very highe.

With
Correlation of shape indexs

The genatic correlation was positive and high, while
ths phenotypic and environmental correlations were very

high.

b) Total yolk cholesterol with eég‘production traitss
1, Correlations at 32 weeks of asgss

The satimatos of genetic, phenotypic and environmental
correlations of total yolk.cholasterol at 32 weeks of the
age of the bird with production traits are presented in
Table VI,

Corrolation with body weight traitss

Corrslaticons with hatch weight, body waight (20 weeks)
waight at maturity, body welght (32 weocks) were astimataed.
The gsnetic correlations with body weights ranged from
0.,0343 at 20 wameks to 0,7251 at weight at maturity showing ‘
the magnitude of genetic relationship was variable at |
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difforont ages of the birde Body welght (32 woeks),
weoight at matﬁ}ity had high and very high gonatic
ralation with the charactar. The phoenotynic corrolations
ware very low and nagative to hatch weight, body weight
(20 waoks) and waight at maturity, The anvirconmental

corralations ware very low and nagative to body waights.

Corralation with age at maturdtys
Tha genaetic corrzlation was gpurious. Tha phonotydric

and environmental correlaticns vers very low.

Corrolation with egg weights
Tha genctic correlation was medium, while phanotypic
and environmental correlations were high and low

respactivaly.

Corralation with yolk weighti
Tha genetic correlation was opurious, while phanotypic

and anvirommantal correlations wera high.

Correlation with plagsma cholesterols
Tha genetic correlation was low wharaas tha phenotypic

and onvironmantal correlaticons ware very high.

Correlation with ghape indoxs
The genotic, pheonotypic and environmental correlaticns

waro low.

(b
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2. Corralations at 40 woeka of age:s

‘Th2a ostimatos of gonetic, phenotypice and environmental
corrolations of total yolk cholesterol at 40 wooks of
the age of the bird with production traits are presentad
in Table VII.

Correlations with body waight trajtas

Correlaticns with hatch woight, body weight (20 wecka),
waight at maturity, body weight (40 woeks) ware estimated,
Th2 gonetdc corrolaticns waro very low and negative
oxcept woight at maturdty whoré in it was very low. The
phanotypic corrolations ware very low and negative, The
environmental corroletions ward low with all charactors

axcept with body weight wherdin it was medium,

Corrnlation with age at maturitys
Tha genetic, phsnotyvic and environmental corrolations

ware very low,

Correlation with cgg woights
Tha gonotice corrolation wags negative and very low,
while ph2notypic and environmental correlations ware

poasitive and madium,

77
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Correlation with yolk weights
The genotic correlation was low, while phanotypic
and environmental correlations were high and very high

respectively.

Correlation with plasma cholesterols
The genetic correlation was low, while phenotypic

and environmental correlations wera high.

Correlation with shape indexs

The ganetic correlation was very high. The
phanotypic and environmental correlations also wers
very high indicating close relationship betwmen the
characters.

Correlation with egg masas
The genetic, phenotypic correlations were low while

environmantal corralation was madium.

Correlation with egg nuabert
Ths genetic correlation was higzowhile phanotypic
W
and anvironmental correlations were sma¥ indicating a high

genetic relationship.

3. Correlations at 72 weeks of ages

The estimates of genetic, phenotypic and environmcntal
correlations of total yolk cholesterol at 72 weeks of the
age of ths bird with other production traits are prosented
in table VIIIX,

o
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Correlation with egg welights
Th? genstic corrclation was low and nasgative. Tho

phenotypic and environmental corralations ware high.

Correlation with yolk waights
Tha gonotic correlaticn was low while phenotypic and

environmental corralations wore high,

Corrclation with plasma cholosterols
Tha genatic corrslation was low while tho phanotypie

and envirenmental corrolations werse very high.

Correlation with ohape indoxs
The gonetic corrolation was high while phanotypic and

anvironmental corralations ware vary low,

IX Plagma cholastorol

This character had cloge relationship with eogg yolk
cholastorol and its study would bo ucoful in early
golection of birds £or low eqgy yolk cholesterol. This
chﬁracter wag studied 4in both goxoo at 32, 40 and 72 wooko

of age.

i)} vaan valuoss
Maan valuss with atandard orror and coofficicnt of

variation are prosgentaed in Table IX.
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TABLE IX

MEAN- VALUES OF PLASMA CHOLESTEROL

Age of
ths bird
(wacks)

W W d GG W D E W WE e

32

40

72

Pooled

Pooled
over sax

W G WD WME WP A MR G0 SR R G TR AR M WD YR WP W W SR 8 am We S We

Numbar
Maan
SQE.

C.Oﬁ‘vo (9‘-")

fumbar
KHaan
S.B,

Ce0.Ve (%)

Numbor
Moan
SQE.

Ce0.Ve (%)

Numbor
Mean
5.3.

Ca0.V,. (%)

Numbor
Mean

S.E.
CeOuVae (%)

Plasma cholesterol (mg?)

Mala Femalae
173 696
146.24 157.69

2,1259 0.9161
19,1216 15, 3246
173 696
170. 10 189.97
2.2756 1.2846
27.5057 17.8417
173 163
224,50 216.13
0.9943 2.8371
'5.8100 16.7594
519 1555
180, 1937 173.2500
1.8066 0.9200
22.5200 20. 3400
2074
178.74
0.8242
20,99



Plasma cholestarol (mgi%)s
a) Males

The mqg; values rangsd from 146,24 mg percent at
32 wasks to 224.50 my parcent at 72 wecks of age with
gradual increass as ths age of the bird advanced. The
coefficiant of variation of the plasmz cholesterol was
betwvesn 10.27 to 27.60 percent. The pooled mean over

all ages was 180.19 mg pasrcent.

Tha differences in the mean values at different ages

wera highly significant (P< 0,01},

b) Pemales

The mean plasm: cholesterol valuas rangad from
157,69 at 32 weeks to 216,13 mg percent at 72 weeks.
The increcase in values of the plasma cholesterol was
noticad as the age of the bird advancad. The pooled wean
oveor ths ages was 178,26 mg percent. The coafficient of
variation of the character was betwsen 15,32 to 17.84
percent. The differencses in ths mean values at differaent

ages wera highly significant (P<0,01).

Effect of sexe

The diffarences in tha maan valu2s of males and
females wore highly significant (»<0,01) at each age
group as well as for pooled means over the ages., Females

had larger values than males.



1i) Haritabilitys
Heritability was worked out for the plasma cholesterol
' using 173 and §96 progenies of males and females
. respactively belonging to 28 sires. The mean sguaros
and estimat;s of heritability with ths astandard error are

presentad in Table X.

a) Males

The heritability estimates wers 0,7129, 00,7169 and .
0.7487 at 32, 40 and 72 weeks of age raspectivély.
indicating more or less similar higﬁ heritability at
thwse ages. Significant sire differences at all ages
indicatad siros as a large source of variation for plasma
cholesterol. But the pooled estimate over all ages was
0.7542 with a standard error of 0.,0865 indicating the
heritability of the character was high.

b) Pamales

The heritability estimates were 0.3187, 0.2970 and
0.3054 at 32, 40 and 72 wecks of age respectively
indicating similar heritability., The heritability
astimates wore wmedium. But the pocled estimate over 111‘
agos was 0,3057 with a standard error of 0.0867 indicating
tha haritability of tha character was madium,



ESTIMATES or &ERITABIBITY OF PLASMA CHOLES‘EEROL
age of ' Meaﬁ éqnaras
‘tm bira SO\AY(‘—:'e:{-on - ab wm wm o = - W W e - . W we s W
(wacks vave af Male af Female

Satween sires 07 1455,80%* 27 3072.0

*

Withip sires 145 650.70 668 972.4

0. 3187
0. 1490

27 3427.0*%
0.,2970
0.1230

47 2080.1%*

0. 3054
0.1214

0. 3057

32
Horitability 0.,7129
standard error 0.1483
Between sires 27 1672 20%%
. Within sires 145 744 .66 668 1142.0
0
Heritability 0.,7168
gtandard error 0,1587
potwaen sires 27 1753.,68%%
within sires 145 689.00 135 1348.1
72
Heritobility 0.7487
standard error 0.1437
Heritability 0.7542
rooled
gtandard error 0.,0869

«+ Highly significant (< 0.01)
# Significant (P < 0.05)

0.0867



The sire differences for this character also were

presant at all the ageas,

111i) Corraelations with egg production traitss
a) Males ) ’
1, Corralations at 32 weecks of age?

The estimates of ganetic, phenotypic and environmental
correlations of plasma cholostorol (32 wecks) with body
weights and plasma cholestorol lavel (40 weeks) are

presented in Yable &8 X[ .

Correlation with body weight {20 wecks):
The genotic correlation was high while phenotypie

and environmental correlations weras low,

Correlation with body weight (32 weeks):
The genetic correlation was low while phenotypic

and environmental correlations were high,

Correlation with plasme cholesterol (40 weeks)s
The gonetic correlation was very high. The phenotypic
and ewvironmental correlations were high indicating a

closa relationship with these two characters,

2. Correlations at 40 weeks of ages

The genetic, phenctypic and savironmental correlations
of plasma cholesterol (40 wealks) with body weights are
presented in the Table A X1| .
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Correlation with body weight (20 weeks)s
The genaélc corralation was high while phenotypic and

environmantal correlations ware medium.

Correlation with body waight (32 weeoks)s
The genetic correlation was low while the phenotypic

and environmental corralations were high.

Correlation with body weight (40 wacks)s
Tha ganatic and phanotyplic correlations were high,

while the environmental correlation was medium.

b) Females

The plasma cholesterol was correlated with the
followving production traits: hatch weight, body weight
(20 wecks), age at maturity, weight at maturity, body
waight (32 waeks), body waeight (40 weeks), egg weight,
yolk weight, mg.cholesterol/g.yolk, total yolk cholesterol
and shape index, to study the relationship batween tho
plasma cholesterol dand the measurements of agg yolk
cholesterol as wall as production traits in relation to
salection of birds forkggolesﬁerol level in the population.
1, Corrolation at 32 wacks of apgats

The astimates of genotfc, phenotyplc and environmantal

S 3
83



correlations of plasma cholesterol at 32 weeks of ths
age of the bird with production traits are presentced
in Table £z X0l . ’

Correlations with body waight traitss

COrrelatiqﬂ; with hateh weight, body weight {20 weaks),
wveight at‘matﬁrity, body weight (32 woeks) were estimatad.
Tha genstic correlations with body walghts varied from
0.1387 at 20 woeks of age to 0.7511 at hatch ghowing the
magnitude of genetic relationship was variable at
diffgrent ages of tha bird. Hatch weight and weight at
maturity had a vory high gonetic correlation. Tha
phanetypic and environmantal correlationsg were very low

in ganoral,

Correlation with age at maturity:

Tha genetic correlation was negative and fairly
high while phenotypic and envirconmsntal correlationa
vere low indicating a high negativo genetic.relationship
with age at maturity.

Corrglation with egg waights
The genatic correlation was very low and tha
phenotypic correlation was medium, while the environmental

correlation wag low.
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Corrcelation with yolk wdight:
The genetic corrolation was m=2dium and negative.
Phanotypic correlation was high and environmental

correlation was low.

Corrolation with mg.cholesterol/g.yolks

Tha genetie, vhenotypic and environmental correlations
were pogitiv: and very high between théée two charactero,
indicating tha very ocloss relationship bBetwoon the

characters.

Correlation with total yolk cholesterol:
The genetic corrolation was low while the phenotypic

and environmantal correlations warg high.

Corralation with shape indoxe
Tha genetic, phsnotypic and environmental correlations

ware low,

2. Correlation at 40 wooks of ages

Tha ogstimateg of gonetice, phenotypic and environmental
corralations of plasma cholesterol gt 40 wacks of tha
age of ths bird with production tralts are prasgsented in
Table BZB X1V_-

Corralaticonswith body waight traitas
Corralations with hatch waight, body weight (20 wacks)

weight at maturity, body weight (40 waeks) were ostimated.
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Ths gonotic correlations with body weights varled
from =0,4575 at weight at maturity to =1,2440 at hatch,

showing tho magnitudo of genetic rolationship was variable

at different ages of th2 bird, Hatch weight had a

gpurious ganctic correlation. The corraolation with'

waight at maturity was highly nogative and with body weight

at 40 wrooks was véry highly negative. Th2 phanotypic
gorrelations warc very low. Environmental corralations
vorae also low with all traits oxcopt with body wolight
(40 wasks) wharain 4t was high.

Correlation with ggg waights
The ganatic corrolation was low and positive.
Thz phanotypic corrclation was medium, while tha

environmental correlation was vory highe

Correlation with yolk waights
Th2 gonotic corrolation was low and positive., The
phanotypic corrolation was high while ths anvironmental

corrolation wan medium.

Correlation with mgecholosterol/g.yolks

Tha ganotic corralation was low Ghile the phenotypice

corrglation was very high. Th: environmental correlaticon

vag lot.



87

Correlation with total yolk cholesaterol:s
The genetic corrslation was low, while the phenotypice

and envirénmantal corralations ware high.

Correlation with shape index:
The genetic correlation was s>urious, while the
phenotyplic corrslation and environmental correlation

wera high.

Correlation with egg masss
Tha genetlic correlation was high and negative.
Phenotypic corralation was low. Eavironmental correlation

was vary high,.

Correlation with egg nunber:
The genetic correlation was very high and phenotypic

and environmental correlations ware madium,

3, Correlation at 72 wmoks of ages
The astimatas of genetic, phenotypic and environmental
correlations of plasma cholesterol with other traits at

72 weeks of age of the bird are presented in Table B2, XV,

Correlation with egg weights
Tha genetic correlation was low and negative while

the phenotypic and environmental correlations were high.
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Corralation with yolk weights

The genetic correlation was low and positive while

phenotypic and environmental corrglations were high.

Correlation with mg.cholesterol/g.yolk:
The genetic correlation was medium, while the

phenotypic-aﬁd environmantal correlations were vory high.

Correlation with total yolk cholestaerols
The genetic corrélaticn was low, while phenotynic

and environmental correlations were high.

Correlation witﬁ shape indexs
The genatic correlation was very high and positive
while the phenotypic and anvironmental correlations wers

very low.

IIY EBgg production traitss

The study aims to atudy the inheritance of egg yolk
cholestarol and plasma cholesterol and their genetic
relationship with other important egy production traits
80 that selection for low egy cholesterol can be
practised without affecting the economic traits in
poultry., Since the production trailts were correlated
with cholaesterol measuremcnts the information on the
avarage values and the heritability of the production
traits were studied.
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w0

The magn values and heritability estimates of the

production traits are presented in Table XVI,

1) Mean valuas:

In ths ponulation studied the mzan values of hatch
welght was 36,52 g and age at sexual maturity 155,69 days.
Ths body weight increased from 1061,19 g at 20 weeks |
to 1398.42 g at 40 weeks of age with a gradual incrsase
as the age advanced, The egg welght ranged from 45.18 g
at 32 wecks to 57.00 g at 72 wesks with a gradual increase
as tha age advanced., Similarly hard eooked egg weight
increased from 44.41 g at 32 weeks to 56,17 g at 72 weeks,
Thare was increase in yolk weight also from 13.47 g at
32 waeeks to 18,72 g at 72 wecks. However, shape index
romained thz same through ages. The egg number was 64.55

eggs and egg mass wags 3135.88 g at 40 weeks of age.

The variability in all tho traits ranged from 4,64

to 15,14 percent,

11) Estimates of heritabilitys
The estimates of heritabllity for all thsa production
traits under study were low in general in the population.

Only in case of body weight traits they wers medium.



TABLE ¥VI

- MEAN VALUZES AND ESTIMATES OF HESRITABILITY OF PRODUCTION TRAITS

C.O.V. hz :’_" SQEC

S. Ho. Tralts

.----l—-\g‘-‘“---:-‘““‘-‘h‘-‘~~----”---“-

1,
2,
3.

4.

Se

6.

7

8,

9.

10,

11,

Hatch waight{g)
Body waightlg)

Age at maturity
(daya)

Weight at
maturity (g)

Bedy weight{g)

Egg weight (g)

Hard cooked
agg weight {(g)

Yolk woight(g)

Shapo indax

£gg numbor

Egg mass (g)

Aga
(wacks)

20

7

32
40

32
40
72

32
40
72

32
40
72

32
40
72

40

40

n

G96
696

696
696
696
696

696
696
163

696
696
163

696
696
163

696
696
163

696

696

Mean + S.E.

3645240, 11
1061, 1945,08

165,69+0429

1192,46145.62
1325,1839-40
1398542i§q49

45.1840.13
48,3740, 19
57,0040, 39

47.4940, 19

13,4710.04
14,6740,07
18572ip.13

72.85+0. 16
72,6640, 30
72.8210,24

64,5540, 36

3135,88417.99

7.94
12,63

4.64

12.44
8.75
12,24

755
8.62
8476

7.91
10.77
8.90

7.99
14,19
8.84

5.85
11,06
4,19

14,80

15,14

0.223840.00

O 1965_‘t0.01

0.101240.21
0.305840. 16
0.151940.24

04255240, 12
0. 32810, 14
0.2389+0,07

0.156640,08
04162110,04
0. 3852+0,05

04 1525+0,06
0. 1998+0,09
0,13364+0.,07

0.162040.07

04292740, 12
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DISCUSIION

The study on genetic basis of egg yolk cholestexol
wvas aimed to determine the inheritance of ogg yolk cholesterol
as well as the plasma cholestercl and to estimata the
genatic relattonship of thaso two characters with other
econemically important egg production traits in poultry.
It 1s tho objective to explore the poasibility of davelop=
ment of lines of poultry with low egg yolk cholesterol
without deterioration in the other economic traits in the
lines t6 be-developeé.

The age of the birds was also considered since the
egg yolk cholesterol content changes with age. mg.cholesterol
per gram yolk and total yolk cholastarol were takon at the
ages of 32, 40 and 72 wocks. -+ho plasma cholesterol was
also included in tha study for tha posalbility of earlier
gselection since this character was highly relatad to @99
yolk cholestarol, The nlasma cho'esterol was studied in

hoth sexes,.

I Bgg yolk cholesterol:
i) Mecan values of egg yolk cholesterols
a) mge.cholesterol/g.yolks
The population when pooled over ages had a mean valus
of 16,87 mg with a coefficlent of variation of 16,30 percant.

Considersblo variation wes found among various spacies and
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inbred lines in the cconcentration of cholostarcl as well

as the total amount of cholesterol per egg (Nicholas at al.,
1963; Chavous at sl., 1965 and Bair and Marion, 1978). |
The value obtéiued in the present study was slightly higher
than that reported by Chung et al. (1965), Veiss et al,
(1967), Rangachar et al. (1970), Bartov ot al. (1971),

Lall angd Slinger (1973), Bair and Mariom (197%9) and
Hollanda et al. (1930), but lowerer than that reported by
Pisher and Loveille (1957), Conbs and Halbacka (1960),
Daghir et al, (1930), Harris and Wilcox (1963), Lenore anéi
Marks (1965), Chand and Sapra (1973), Washburn and MHix
(1974a), Chand et al (1979) and Anglin and Briles (1930).
This valus concurred with Miller and Denton (1962),

Kadchodkar et al. (1976) and Becker et al., (1977).

Tha differances in the strain, age structure of tIm
povulation as well as the method of estimation might have

contributed to the discrepancy noticed,

The valua of the character increased with advancing age.
This concurred with March and Bailey (1959) and Raoc et al.
{1964), but Turk and Barnett (1971) found that cholesterol
concentration was not affected by hen's age. Chand et al.
(1978) stated that yolk lipidszs did not change asignificantly

upto 12 months of age in Augbralorp.
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B) Total yolk cholestorolt
Tha overall meaan value was 246.81 mg wilth a cosfficient
of variation of 23.01 parcent. Tha variabllity of this

msasurement was more when comparaed with mg.cholesterol/g.yolk.

The results of the present study were in ajrecment
with that obtained by Becker et al. (1977). 9imilar to mg.
cholesterol/g.yolk, tha valuess of total yolk cholesterol

increased with adwancing age.

11) Horitability:

The heritability estimates of mg.cholasterol/g.yolk
wara found to ba 0,2415 4 0, 1408, 0;2377,: 0,0412 and
0,2955 + 0,0146 taken at 32, 40 and 72 wesks of age with an
overall pooled estimato of 0,2866 + 0,0137. All the estimatas
were woderate and of similar magnitude with cstimates at
highzr ages baing wors precisg>y in viow of gmaller standard

Arrora.

the horitability estimates of total egg yolk cholesterol
recordad at 32, 40 and 72 waaks of age wara 0.255&3 0. 1260,
0,2210 + 0.,1104, 0,2239 + 0,3794. The estimate when pooled
over all the ages was found to be 0.2355 # 0,0311,  The
standard error of the estimates esnecially wﬁcn the msasures
were tak2n in older hens were high commared to that of

my.cholestarol/g.yolk. Although the estimates of heritability



for both measures of cholesterol were the same in all the
age grouns 1t appears that mg.cholesterol/g.yolk would de -
a better measure in view o~ the snaller samnling errors of

their heritablliity estimates,

Backer et al. (1975) contrary to the pregent f£indings
have observed a higher heritability 0,31 for total yolk
cholestarol compared to 0.14 for mg.cholesterol/g.yolk.
Becker et al. (1977) have concluded that the highar
haritability for the total yolk cholesterol than the mg,
cholestercl/g.yolk migiht be due to higher heritability of
agg yvolk which 158 a component of mg.cholastarol in total
yolks The disagresment of the present gstudy with that of
Becker at al. (1975) might be related to low heritabllity

of yolk waight in the strain used for the study.

The range of heritability estimates resorted in the
litorature was from 0,14 (Becker gt al., 1975) to 0,43
(Tatfe, 1964) for mg.cholesterol per gram yolk, The values
cbtained in ths present study were within this range and Was
in consistent with thos> renorted by All et al. (1974)

Cunningham et al. (1974) and Becker gt al, (1977).

W

There were only two ostimates (BDecker et al. 1975,
1977) for total yolk cholesterol and were 0,31 and 0,27
respectively., The present estimates wara not much

difforent from those resortaed sarlier,
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Sire compougnt of variances for mge.cholesterol/g.yolk
wars aignificant in all age groups while it was significant
&t 32 and 40 w22ks ag2 groups in th2 case of total yolxk

cholastarol.

This 1nd%catea that ého ganetic variability £or ng.
cholegteral/g.yolk is moré consistent with advaneing age
than that of total egy yolk cholestarol possibly éue to the.
confounding effect of the yvolk weight, Genatic variahility
for mg.cholastarol/g.yolk was also reported by Harris and
wilcox (1963) and Weshburn and Wix (1974), Harris and
Wilcox (1963) demonstrated a gignificant dan family difference
while Washburn end Hix (1974) demonstrated a significaﬁt sire
family difference., Thz moderate heritability for the trolts
obtainoad in ths study sungested that fanily selection could
be of use in altering the lsvel of cholestarql in the egg
yolk in the desired direction. mg.cholastarol/g.yolk would
ba a better of the twe measures in view of less variability

and bilas due to confounding effect of yolk weignt.

i11i) Correlaticns with egg production traitss
a) Correlation with body woight traits{

Tha genetic, phandotyplc and anvironmenta} corrclationsu#
mye.cholestarol/g.yolk and total yolk cholesterol with hatch
weight and mature weights taken at 20, at £irst cgg, 32 and

40 weoks of age were computed, A high genetic corraolatiom
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of mg.cholaesterol/g.yolk was obaerved with hateh woight.

All thae rest of the correlation were eithar low or moderato
invariably with largo standard errors indicating that the |
choluasterol maasures will have no gnetic association with
matura body weight. The nhonotypic, enviroamental e¢orrelstions
batwaan tho bqﬂ% walight .tralts and tﬁe cholestarol measures |
wara nearer to zaro-indiﬁating of no rela tionghip batwean
these traits possibly thn physiclogical basis for cholesterol
and the body weoight traits are not the same and it could bhe
pogsible to select for'low'cholasterol contant without
affecting the body welight traits. There are noy comparable
studios available in the literature wvherein the assoclation

Of cholastarsl contents with body weights wore investigated

- in poultry.

b) Correlation with age at maturityr
A high megative genetic correlation of =0,4291 + 0,1037
was observad batween mg.cholasterol/g.yolk at 32 wesks and
age at maturitys The total yolk cholesterol taken at 32
wasks ¢f ago had a genstic correlagion of mora than oneo
indicating the lack of association botween the two tralts.
The genetic correlationg at 40 weeks with age at maturity
ﬁggé lows. The phenotypic and environmental corralations
betwson choléatarol content and age ak maturity were uniformly
low. Th=2 results indicate that scslection for low mg.cholaatéro%/

g.yolis at 32 wezks might increase €he age at maturity while



the cholesterol msasures taken at 40 woeks would have no

infiuence on the age at meturity.

¢} Correlationfwith egg number and egg masst

Cholesterol contents of egg produced by birds at {40
weeks of age were investigatsd for thelr -weonotic, phenotypic
and environmental correlations with ogg nunber and eg; mases
upto 40 wecks Of age. A madium and negative genetic
correlation«éf egg nutbher was found with my.cholesterol/7.

Cheleskexsl

yolk while thae geonetic correlation with total yolk,was high
and positive. It indicates that selection for low mQ.
aholestorol/g.yolk is uniikely to raduce the egy number
while 4t may be much less a fact when the selection is for
low total egg yolk cholesterol. The genetic correlation of
egg mass with cholesterol maasures were positive and
moderate. It may indicate that there may ho a marginal
decreass in egg mass for selection against cholesterol
contﬁat. The phanotypic and environmental correlations of
aegg volk cholesterol with egg mumber and agg mass wire
positive and ranged from low to moderate. These £indings
were in contrast with the £indings of Cunaingham et al
(1973), ald et al. (1974), Washburn and Nix (1974) who
hava renorted a negative phenotyple correlation betwesan

egg production and egg yolk cholastaral.

d) Correlation with egg weightt
The measure of mg.cholestercl/g.yolk was found to be

36
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positively corrolatad with ¢gg weight whon tha egy yolk
cholestarol mazsuras wara takon at 32, 40 wasks of age

and nogatively correlated whan {t was taken at 72 woeks of
aga, A similer change from positive to negative gonatic
correlation_waé'also obsexvad wvith advancing age whan tha

egg waight was correlated with total yolk cholestarol,

It was also obsorved that the genetic correlations
of total ?61k cholestercl with egg weight had large
standard errors whilo those with mg.cholesterol/g.yolk
had small standard errors whan correlated with cholesterol

maasures tokan at 40 and 72 weeks of age.

The racults indicate a possible raduction in egy woight
whan salection is to bo practiced against mge.cholesterol/g.
yolk measura on eggs laid at 32 or 40 wasks of age while tha
rovorgz could ba a factor when the cﬁmlesterbl measura is

taken on aggs laid by oldar birds.

Th2 phenotypic and environmental correlationsg wore all
positive and ranged fron low to moderate. The results of
the studics on phenotypic corralation of egg weight with
egg yolk chelesterol content appeared in the literature wore
variable. Cunningham (1974) obtainedhno corralation betwecn
the traits. Becker et al, (1975) obtained a negative phanotypic
correlation, while Chand et al, (1978) found a positiva

phenotypie correlation.



@) Correlation with yolk waightt

The ganatic correlation of mq.chqloaterol/b.yolk
were negative and very high at 32 and 72 wseks of age
while it wgsﬁlow’at 40 vacks of ame indicating that high
negative genetic ralationship batwaen these two traite.
Hence, selection for low egg volk cholesterol will bhe
follovaed with increase in yolX weight. Howsver, the
correlation of total yolk cholesterol with yolk waight was
low, Thus the two measurements of the same trait viz. egg
yolk cholesterol differed in their relationship with yolk
welght, If the selection 15 based on total yolk cholesterol
thare will not be much effact on the yolk siza, Ths gonetic
corrolation obtained with mg.cholesterol/g.yolk and yolk
welight was in agreement with the results obtainad by Harris
and Wileox (1963), Nicholas et al. (1963) and Backer gt al
(1975)s The results indicated that selection for nmg.
cholastorol/ge.yolk taken on eggo laid at 40 weeks of age
will not significantly altsr the yolk weight, Further a
high environmental correlation betwaen tha tralts also
indicates that it may be possible to alter thesa two traits

by attending to nutritional and other envirodnmental factors.

£) Correlation$ with shapo indexs
The genetic correlationd égéé low at 32 weeks while it

was very high at 72 weeks. It indicated that selection for

98
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low egg yolk.cholesterol would affect shape index if
selaction was made at 72 weeks. With the cholesterol
content of eggs lald at 40 weeks of age the shape index
seens to be poaitivaly correlated very high phenotypically
and environmentally. The genatic correlation with mg.
cholasterol/g.yolk was unreliable while that with total
yolk cholesterol was high and positive, Tha prediction of
alteration in tha shape index whon solection i3 based on
mg.cholestercl/g.yolk is not conclusive.
iv) Correlations anong mg.cholesterol/g.yolk, total yolk
cholesterol and plasma cholesterolt

Correlation betwson mge.cholestarol/g.yolk and total yolk
cholaestorols :

The ¢genetic correlation of mg.cholesterol per gram
.yolk with total yolk chol.aé;rol was variable betwéen age
groups while the phenotypic and environmental corralacions
~ batween these two traits rewmained high throughout. All
threa correlations between these two traits werce high when
+hs cholesterol contents were measurad from eggas laid at
40 wocks of age which may 1ndicate that the seloction
against either trait will lower the value of the trait.
Corralation batwoen mg.cholestarol/g.yolk and plasma
cholegterols

Tho genetic phenotypic and environmental correlatioﬁl

botween mg.cholesterol/g.yolk taken on eggs laid at 32 wesks
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of age and plasma cholesterol were uniformly high indicating
a possibility of indirecct aalection for low content of
cholesterol/g.yolk by salaecting agalnst plasma cholegterol
content at early ages. Andrews gt al. (1968) observed that
ths plasma ¢holestarol contributaed the egg yolk choleatarol
and the present study gives a corroborative evidence of

thes sama.

Tha gonetic relationship of the plasma cholesterol
content and agg yolk cholesterol contaent at 40 weeks of age
ware variable from low to medium for 40 and 72 weeks
observation.s Tha phaﬁotypic and environmantal correlationg
tore high with tho posgsible excopticon of anvironmental
corralation at 40th waesk. & Hegative pheznotypice eorraigticns
wore obtained by Marion et al. (1960) and Chand E%?;éf(1973).
Low to high gonetic correlation was reported by Washburn
and Wix (1974)., Tha age otructure of the population, the
level df production and tha genetice differences botveen thy
populations might ba the reasons for tho diffaronce.

Corralation of total yolk choleatorol and plasma
cholestorols

Total yolk choleasterol and plasma cholesterol wre
louly correlatad gonotlcally but their phenotypic and
anviroumental correlations were high for all the age groups

studied.
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L § 4 Plasma,cholasterols
1) Yean values:

In maleg the mean values of -lasma cholesterol was
180,19 my pereant ranginé £from 148,24 mg percont at 32 woeks
to 224,50 my parcent at 72 weeks. In famalesa the avarasge
values weore 173.26 my percent with range of 157.69 mg
parcent at 32 woeks to 216.13 my percent at 72 waeks., 1In
both gexes the mean values increased with advaneing age.
The sex offact was also very high, the males having lower
valuos than females., The present mean values in tha
population ware low when compared €0 the values reportaed by
Wilcox et al., (1963), Washburn and Mix (1974), Xamingki
at al. (1979) end Marks and Siegel (1980).

14) Heritabllity:

Hopitabllity values wore very high (0,7129 to 0,7487)
in males while tha haritaobility estimates ware medium
(0.2970 to 0,3187) in femalas. The poolad astimatas ware
0,7542 + 0.086S and 0.3057 + 0.0367 for males and femalas

roguectively.

Tha haritability estimates indicate that individual
gelection will bo affective in lowaring the plasma cholastarol
level, The giguificant sire differancaé in both males and
fecmaleas also attributed the prasance of high genetice
variation through sire families. Tha horitability estimates
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wore in agresment with that obtained by Bumgardner (1955},
Cherms gt al. (1960), Wilcox et al. (1963), Hollands gt als
{1580) and Marks and Siegsl (1980). The heritability results
wvera less than those of Washburan and Hix (1974).

114) Corgelations with egg production traits:
Correlation with body weight traitss

In females the genetic correlations were loQ to very
high. Hatch weight and waight at maturity were having high
ganetic correlation showlng that the selection for hatch
weight or weight at maturity would increase the plasma
cholesterol -lavels in famales, In males the genctic correls tion
wvera high with body weight at 20 and 40 weeks while it was
low at 32 waeks. Tharefore, the selection for body woalight
at 20 or 40 woeks would increase the plasma cholesterol
ldvels in males. The phenotypic correlations ware low at

all agss and nagative at 40 weeks, However, Wilcox &t al.

(1963) roportad low nagative phenotypic correlation bstweén

blocd cholesterol and body waight at 32 weeks,

CQréalation with age at maturitcys

The genctic corrslation was negative and fairly high
at 32 weeks indicating that selection for low plasma cholesterol
would increase the age at sexual maturity similar to the

£indings for mg.cholesterol/g.yolk with age at maturity.
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Phanotypic correlation was very low but positive, Wilcox

at al., (1963) obtained a low ncegative phsnotypic correlation.

Plasma choleaterol taken at 40 wecks of 2go had low
gonetic relationship and very low phanptypic and environmental
rolationship with age at ﬁaturitg. Similar asgociations wore
also found batween mgscholosterol/g.yolk of eggs laid by
40 woeks old birds ond their age at maturity. The rosults
indicate that sslaction for low plasma cholesterol will have

vary little effect on ago at maturity.

Corrclations with agg number and egy masss
Tha plasma cholastarol taken at 40 weoks of ago waa
wmb et
£ogﬁa to ba poait Z§1y corrolataa genatically with egg mass,

atively Covvelated Wiih €49 Mass
The rasuita indicated that plasma cholesterol will adversoly
affoct tha egg number but improve the egg mass. Wilcox
at al. (1963) reported positive genatic corrolation botwean
blood cholasterol and egg production and {¢ is in agrocmant

with pragont agtudys

Corrolation with egg wgightt

Tha gonetic correlation was low in geancral botween tho
two traits. Selecticon for low piasma cholesterol may not
affect the egg woights. The phenotyplic correlation was
madium and imcraasod with age, Wilcox et al, (19563) Y
obtainad a low and negative phanotypic correlation botwasn

adult blood cholosterocl leval~and egg waight,
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Correlation with yolk weight$

Genatic correlation was high and negative at 32 wacks
while they ware low at 40 and 72 weeks. Therefore, the
sarly salection at 32 wasks for low plaasma cholasterol would
incroage the yolk walght and at the other ages it may not

affect the yolk weight.

Correlation with shape index:

The genetic correlation was low at 32 weeks and high
at 72 wmeks of age. It indicatad that salection for low
plasma cholesterol at 32 wesks of age would not affact the

Bhape indax.
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SUMMARY

The present study was undertaken to dstermine tho
genetic parameters of egg yolk cholestsrol and plasma
cholasterol and their raelationship with other economic
traits in chickens. .

The ultimate objective 13 to explore the possibility
of dsvalopmant of strains/lines of chickens with low agg

yolk cholasterol lavel,

Ths expsrimsant was carried out at Foultry section
of Livestock Rasearch Station, Kattupakkam during tha
pariod from 1930 to 1582, Meysr strain single comb White
Leghorns ralsad in a single hatch and maintained under
indox sslection programms were used as experimental
materials, A total of 696 pulleats bolonging to £ifth
ganeration under 28 sire fomilies were included in the
study.

The egg yolk cholesterol was measured as mg.cholastarol/
g.yolX and total yolk cholesterol. The plasma cholesterol

was also studied.,

The cholegterol measures were taken at 32, 40 and
72 wecks of aga of the birds, Plazma cholestorol measure

was also taken in males at respsctive ages. Heritability
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of choleatercl measures, body weight at hateh, 20 waaks ks
@gg numbev, egqg mass (4¢ ),
maturity, 32 and 40 wscks of ags, age at matntity)( eqy

weight, yolk weight, shape index were computed.

The genetic, pheanotypic and environmeantal association
of cholesterol measures with production traits were
invastigatad, Hatch waight, body weight at 20 weeks,
maturity, 32 and 40 wecks of age were the body woight tralts
vhose asmsociation with cholasterdl maasures were investigated,
Among the reproductive traits, age at maturity, egg nusber
and egg mass upto 40 wecks, egg weight, yolk weight and
shape index were considered to inveatigate thoir genstic,
phanotypic and environmental associationg with cholestarol
measures, Ths genetic, phenotypic and environmontal

correlations among cholesterol measures were also investigated.

mg.cholastercl/g.yolk increased from 16,16 4 0,09 mg
at 32 weeka to 17.84 + 0.2% myg at 72 weeks with an overall
poolad avarage of 16,87 + 0,08 mgs The level of total
yolk gholaesterol and plasma cholesterol also showed an
increasing trend with advancing age. Tha total yolk
cholesterol rangad from 218,18 + 1,40 mg at 32 waoks to
334.54 + 4.93 mg at 72 weeka with an ovarsll average of
246,91 + 1.44 mg. ‘
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The plasma cholesterol ranged from 146,24 + 2,13 mg%
(32 weeka) to 224,50 + 0.99 mg% (72 weeks) in males while
in fomales it rangod from 157.69 + 0.92 mg% (32 wacks) to
216,13 + 2.84 mg% (72 wecks),

S8ire famlly differences for the threoa cholesterol
measures wore significant at all age groups escent for.
total sgg yolk cholesterol measurcd at 72 weshts of age,
The haritability estimatas of egg volk cholesterol measuras
ware moderate at all ages with the mg.cholesterol/g.yolk
giving a mors nrecisc ostimate especially at 40 and 72 weeks
of age with esmall standard errors compared to total yolk
cholestarol, Tha éstimates pooled over ages for mg.
cholaséerol/g.yolk and total yolk cholastercl were
02865 + 0.0137?6%2355 ot Ogﬁallgmﬁvgﬁgt;ge of haritability
estimates indicate that family selection would bz effective
in changing the level of egg yolk cholesterol to tha

dasired dircction.

The heritability estimates of plasme choleasterol
wera uniformly very high in males at all ages with a
poolaed estimate of 0,7542 + 0,0865. 1In females the
estimatos were moderate in all the age groups and pooled

——

ovar estimate was 0, 3057 + 0.0867.
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mg.cholastarol/g.yolk had a high genetic correlation
with hatch wedght, while 4t had a low to modorate
correlation with maturae éaights indicating that for low
eygg yolk cholostarol is unlikely to affect tha mature
body waight, Total yolk cholastarol had a low to modarato
gonetic correlation with body waight maasures. .

mgecholeatarol/g.yolk maasured from eggs laid at
32 wacks of agoe had a high positivb ganatic correlation
with age at maturity wvhile the sam? mlasurs of cholastorol
taken on egys laid at 40 weeks of age had no genetic

influence on aga at maturity,

—————
Ve -t e e

A lou non significant genotic correlation wao
encountored betiween mg. cholesterol per gm of yobk
and the egg number indicating the efforts to reducc tho
cholesterol content in yolk may possibly not affect tho

ogg number very seriously.

¥
o m— .

The genotic correlation of cgg masg with both egg
yollk cholasterol moagures were positive and moderate and
thore may be a marginal decreasoe ia ¢gg mass 1€ selcection

45 directed to lower thz egy yolk cholesterol contant,

Lgg woight was found 0 bas positively corrolated with

cholaesterol mzacuras at 32 and 40 wacks of age and
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negatively correlated when the measures were taken on
eggs laid at 72 weeks of agoe. A posaible reduction in
agg giza cannot ba ruled out whoen selection is to

practiced against egg yolk cholesterol content on eggs

laid by younger hena.

Tha genatic correlation of yolk waight with mge.
cholesterol/g,.yolk was high and negative while it was low
with total yolk cholastorol.

Tha agg yolk cholesterol contant in older hens wara

highly correlated with shape index.

The phenotypic and environmental correlations between

cholestarol measures and producticn traits wera mostly low.

The genstic correlation of total yolk cholestarol with
production traits had a very high standard error and
inconglusiye in few instancaes. It appeared that mg.
cholesterol per gram yolk taken on eggs lald by hens around
40 wecks of age was more reliable in view of small standard
exrrors of the messurement and haritability of the trait.
The genetic, phenotypic and environmental correlations with
production traits had also low standard arrors.

The genatic, phanotypiec and environmental correlations
batween the two egyg - yolk cholesterol msasures were variable

depending upon the age at which they were beasured. However
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when the measures were taken at 40 weecks of age they were

highly correlated.

mgecholesterol/g.yolk present in eggs laid at 32 week;
of age had high genstic, pheanotypic and environmental
correlation with plasma cholestorol indicating a possibility
of indirect selection for low egg yolk cholesterol by basing
the sclection on plasma cholesterol, The relationship of
plasma cholaaterol and mg.cholesterol/g.yolk at latar ages
were variable, Total yolk cholesterol and plasma cholesterol

was lowly correlated genetically,

Plasma cholestereol was found to be highly correlated
with body weight positively and nocgatively correlated with
age at maturity,

The genotic correlation of egg weight with plasma
cholasterol was low while that of yolk weight with plasma
cholesterol was high and negative, FPlasma cholesterol at 40
woaks of age was found to be positivaly correlated genatically
with egg numbar and negatively with ¢gg mass. The shape index
was lowly corralated with plasma cholaataé?.

The rosulis indiceted that selestion for low egg yolk
cholesterol content could ba directad by inclusion of my.
cholesterol/g.yolk in the selection iadex without seriously
affecting the production traits.

In males the plasma cholesterol taken at 32 weeks of age

i1f dncluded in the indox would hzlp tha nmale line salection
to produce low egg yolk cholesterol linss.
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APPENDIX » X

Compoaltion of chick mashs

Ingredients

Yellow maize
Groundnut oil cake
Gingelly oil cake
Wheatbran

Fish moal

Bggomine 200 g per 100 kg of feed
Amprolsol S0 g per 100 kg of feed
Naftin 100 ¢ per 100 kg of feed
Rovimix 20 g per 100 kg of feed

Composition of grower mashi
Ingredients

Yellow maiza
Groundnut oil cake
Gingelly oil cake
Wheatbran

Fish meal

Bggonins 200 g per 100 kg of feed
Neftin 100 g per 100 kg of feed
Rovinix 20 g per 100 kg of feed

.Parts par 100

50
28

10
10

Parts per 100

60
15

5
10
10



Composition of layer mashi

Ingredients Parts per 100
Yellow malze €S
Groundnut oil cake ) 10
Gingelly oil cake 5
Wheat bran 10
Fish meal 10

Eggomine 200 g per 100 kg feed
W~ftin 100 g per 100 kg feed
Rovimix 20 g per 100 kg feed

* Rovimix brand mixture contains stable vitamins,
A+ 32 + 03 having a guaranteed potency of 40,000 f.u.
vitamin A, 25 mg of vite. B, and 5,000 I.u. of vitamin Dy

per gram.
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