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NE hundred and filty pullets fromé9 dams and 11 siies were used

to collect data for age at sexual maturity, body weight at sexual
maturity, egg production until 26 weeks of production { until the
analysis of egg components), 40, 44, 48, 52, and 70 weeks of age and
annpudl egg production (52 weeks [rom sexual maturity), egg weight
and yolk weight.

The following components were analyzed forr each cgg: mg
cholesterol per g yolk, mg sodium, potassium, caleium, phosph-
orus, zine, and fron per g yolk end mg cholesterol per 100
ml serum.  The total cholesterol per yolk was also calculated.  Re-
sults indicated that the heritabilities for mg cholesterol per g yolk
and for serum cholesterol were low. Heritabilities for age at scxual
maturity were intermediate while those for body weight at sexual
maturity were high, Heritabilities [or egg production until different
ages and ewmg weights st these ages were also low to medium.
Heritabilies for the mineral content of the yolk were all low except
dor the sodium content which was intermediate. The geneticand
phenotypic correlations hetween  the different troits studied were
also caleulated and assessed,

The relationship between dietary cholesterol and coronary has been the subject
of much controversy and investigation in recent years. The American Heart
Association recommends that people with high serum cholesterol avoid
eating egg volks, since these are extremely high in cholesterol.

Several studies have indicated genetic differences in yolk chelesterol con-
tent. Fisher and Leveille (1957) found 55 to 66 mg cholesteroel per gram ol
volk fat; Edwards er al. (1960) were able to detect breed and strain differences
in yolk cholesterol content. Ths lowest cholesterol content was for a White
Leghorn strain (39 mg cholesteroljg fat) and the highest was for a New Ham-
pshire strain (50.6 mg cholesterol/g fat). Harris and Wilcox (1963a) reported
values of 24.0 to 26.1 mg cholesterol per g of chicken egg yolk. Turk and
Barnett (1971) found no significant differences in volk cholesterol content
of eggs produced by different layer strains. Kicka er af. (1974a) reported
mean yolk cholesterol values of 14.58, 13.56, and [3.40 mg cholesterol per g
yolk in Favoumis, White Baladis and White leghorns respectively.
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Cunningham er al. (1974) selected divergent lines for yolk ceolesterol
a closed White Leghorn population.  They reported the heritabilities of yolk
cholesterol to be 0.22(based on the regression of offspring on parent). Wash-
burn and Nix (1974a) estimated the heritability of yolk cholesterol in
two randombred populations of meat-type hens.  The mean sire heritability
estimate for the Athens-Canadian randombred (AC) was 0.3, while Tor the
Athens randombred population (ARB) it was 0.2,

Although there is some indication that ovarian follicle may produce
some cholesterol in virre (Popjak and Tietz, 1953), the result of most experi-
ments have indicated that egg  cholesterol originates from serum cholesterol
(Conner et al., 1965 and Andrews ef af.. 1968). Washburn and Nix (1974a)
found that the mean piasma cholesterol level in the AC population was 69
mz cholesterol { 100 ml plasma and 230 mg cholesterol/100 ml  plasma for
the ARB population. They also reported positive insignificant phenolypic
correlations (.03 to 0.14) between serum and yolk chelesterol in the same
populations. They reported no genetic correlation between serum and yolk
cholesterol in the AC ponulation. However, a highly significant genetic
correlation (0.39) was obtained in the ARB population.  They also estimated
the heritability for serum cholestern! levels to bs 0.56 4 0.14 for ARB popula-
tion and -0.13 + 0.19 for AC population {regression of offspring on sire).

A literature survey suggested that the high egg producers may put less
cholesiero! in cach volk, though they may excrete o larger total amount of
cholesterol than noor produocers over a specific time period. Harris  and
Wilcox (1963 a, b} found no corvelation between yolk cholesterol and rate of
lay. Yolk cholesterol was negatively correlated with yolk weight,  Kicka
el al. {1979) found that the phenotypic correlation between volle cholesterol
and both egg weight and volk weight were negative,

The purpose of this study was to measure the cholesterol  and mineral
contents of the egg volik and the serum ¢holestero! and to try to relate these
measurements to the productivity of the Payoumi fowl. 1L was also intended
to study the inheritance of volk cholesterol, serum chelesterol, volk mineral
coatent, and other reproductive and physiolegical traits. and their interrela-
tfions 1n the Fayoumi fowl.

Material and Metbhods

Data used in this study included 130 Fayoumi puliets from 69 dams and
ETosires. Dams with less than 3 daughters were excluded from the analysis.
Data were caleulated for age at sexual maturity (SM); body weight at scxual
maturity (WSM); ege production at 40, 44, 48, 52, and 70 weeks of age; annual
egg production and cgg production at 20 weeks of production; cgg weight
and yolk weight.

The following components were analyzed in cach two successive eggs
collected for each hen during the 26th week of production: mg cholesteral
per ¢ volk (volk cholesterol was cxtracted by the modified method of Wash-
burn and Nix, 1974b). and the total cholesterol was determined according

figypt. J. Anim. Prod. 23, No. 1 - 2 (1985)



GENETICS OF FGG COLESTEROLE 135

to Courchaine ef al. (1939). Serum cholesterol was determined by the method
of Pierfitte and Barrier (1959). Mg phosphorus per g yvolk was determined
by a modilied method of Fisk and Subbarow (1925). Mg sodium, potassium,
calcium, zinc, magnesium, and iron per g volk in the cgg yolk was determined
by the atomic absorption spectrophotometric technique according to Yous-
sef ¢f al. (1978). The heritabilities and their standard errors were estimated
according to Becker (1967). The genetic and phenotypic correlations were
also calculated according to Becker (1967).  The standard errors of the genetic
correlations were computed according to Robertson (1959). The method
assumes a hierarchial classification with unegual subclass number. The sepa-
rate data from two eggs (in sequence) for each hen were used in the estimation.

Resulits and Discussion
I Averages of the different traits studied

The averages ol the traiis studied are shown in Table 1. The average
age at sexual maturity of the Fayoumi hens was 215 days. These results are
similar to the results obtained by Obeidah (1969). The average egg  weight
and cgg production until 40, 44. 48, 52 and 70 weeks of age and the full record
were higher than those found by Ezzeldin (1977) on the same flock of Fayoumi
hens. These observed differences between her estimates and these estimates
may be due to the differences in ages at sexual maturity.

The average mg cholesterol/z volk and total cholesterol per volk  were
157 mg and 218.5 mg respectively. These values were lower than those reported
by Harris and Wilcox (1963 a, b); Schiavo {1963): and Collins er af. (1968).
These differences may be due to the breed and the differences in  the rate of
cgg production. However, these results are in agreement with the values
reported by Kicka er ¢f. (1979). The average mg cholesterol per 100 ml serum
at 26 weeks ol production was 143.7. These results agree with Cherms er al.
(1960). However, they are lower than those reported by Washburn and Nix
(1974a). The average mineral contents per g yolk were [.45: 0.52; 5.31;
0.91;2:12:024: and 0.11 mg per g volk for Ca, Mg, P, Na, k, Fe, and Zn
respectively.

I, Heritabilities

The heritability estimates of all traits studied are presented in Table 2.
The combined heritability estimate for age at sexual maturity was 0.26.  This
is in agreement with the result obtained by Ohbeidah (1969) bul lower than
the result obtained by El-Hossari (1967). The component heritability esti-
mate ol body weight al sexual maturity was higher than the dam estimate.
This is not in line with the estimate obtained by Ezzeldin (1977). The herita-
bility estimates of egg weight were lower than previously reported values.
This may be due to the small number of individuals used in this study, and
also may be due to the hatch effect. The heritability cstimates of the total
number ol eges produced until 40, 44, 48, 52, and 70 wecks of age and the [ull
record (365 days) were low and mostly negative, These estimates are similar
to those obtained by Hzzeldin (1977).  The sire heritability for yolk cholest-
erol was 0.14. This estimate is similar to that obtained by Washburn and
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Nix (1974a).

Zero,
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The sire heritability estimate of serum cholesterol was  higher
than any previously reported estimate.
mineral contents of Fayoumi egg

The sire heritability estimates of the
yolks were not significantly different from

However, the dam heritability estimates for magnesium, phosphorus,

and sodium were positive and high (0.31, 0.44 and 0.84 respectively).

TABLE 1.

Average of the different traits studied.

Traits

Means + S.E.

Age at sexual maturity (days). 214 .6 + 1.5
Body wt. at sexual maturity (g). . < = [158 4 9
Egg wi. (g) 126 weeks of egg production . 437 5 0.2
Egg production until 40 wks. of age |, | 268 + 07
Egz production until 44 wks. of age . . . 334+ 08
Bgg production untif 48 wks. of age . . . .| 502 & 09
Egg production unti} 52 wks. of age | 626 =11
Egg production until 70 wks. of age %63+ 17
Full production (365 days) . 097 + 1.9
Mg cholesterol/g volk - I 15,66 4 0 41
Total cholesterolivolk (mg) ! 218.51 4+ 2 45
Mg cholesterol/100 ml serum i 143.65 4 1 70
Mg calcium (g volk 145 =002
Mg zinc/e yolk 0 11 -~ 0003
Mg magnesivm/e volk 0.42 4+ 0.0l
Mg phosphorusie volk . . 5.31 4+ 004
M sodiumiz volks . 091 + (02
Mg potassium/g volk tO212 =003
Mg ironje volk | 024 + 0.0l

TABLE 2. The heritability cwiimat'_:s { + S8K)

of tha different fraits studied.

Traits

Age at sexual maturiy

Body weight at sexual maturily

Fgg weight at 26 weeks of egg produc

tion

Eog prods1¢11'0n until 40 wks.
Egg production until 44 wks.

Egg production until 43 wiks,

Egg production until 52 wks.

Lgg production until 70 wks,

Full record of egg production (365 davs) —0 054-0

Mg cholesterol/g volk

Mg cholesterol/ 100 ml serum
Mg calcium/g volk

Mg zinc/g volk

Mg magnesium/g volk . . . .

Mg phosphorus/e volk . .
Mg sodium/g yolk
Mg potassium/g volk .
Mg iron/e volk

i h*s hed h* s+ d

|

!
[ 00140 17 0 524050 0.26--0.24
0 7540 46 0.23-+0 39 0.50+0 28
; 0014011 0 1240 34 00620 16
ol age ‘ 0.0940,17 -0 150,42 |--0.033-0 2|
ol age 00440 14 | —0.484-0.38 |—0 224-0 18
of age 0080 15 | —0.454-038 |—0 1840 18
of age . | 0004013 |—0.344+040 [—0 {72-0.19
of age [0 0740 15 0.57-0.52 | 0.2540 24
- 12 0 112047 0 0340 22
| 0143017 | —0 144:0.35 0.00+0.18
| 0654042 |—1.354-0 49 0 354035
[ 0240 08 |—0.46-0.30 |—0.2440.14
[ 0.024-0 08 [0 130 26 |—0.06=0 12
—0 11=-0 10 03140 44 0.104-0 20
—0 14+ 0 06 0 445-0 31 0,180 14
: =0 2040 09 0.84+0.44 | 0.324:0.19
..... 00940, 14 | —0 0540 32 0.02+0 16
i 0.01=%0 11 |- 0.08:£0 34 | —0.04-£0 16
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HI. Genetic and phenotypic correlations

1. Genetic correlations

The combined genetic correlatins (sire -~ dam) between the different
traits studied are presented in Table 3. The genetic correlations between
yolk cholesterol, serum cholesterol, egg production until 40,44, 48, and 52
weeks of age, mg Ca, mg Zn, and mg Fe with other traits were imaginary because
the genetic variance for these traits were negative. The genetic correlation
between age at sexual maturity and egg production was high and negative.
The genetic correlation between age at sexual maturity and body weight at sexua!
maturity was very high and positive as expected. The genetic correlation.
between age at sexual maturity and both mg Mg/g yolk and mg P/g yolk were
also positive and significant. As expected the genetic correlation between
egg weight and body weight at sexual maturity was high and positive. Jaffe
(1966) also found positive genetic correlations between body weight and
cgg weight in two strains of White Leghorn.

TABLE 3. Combined genetic correlations between traits studied { sire - dam).

mg Mgfg! mg Plg ‘ mg Najg mg kg !Egg prodi Annual

! ' | luction egg  |Body Wt.
Traits |Egg Wi wolk | yelk . wyolk | yolk until 70 | produc- |at sexual
i ! | ' wks. i tion  |maturity
B o | SECEE | PN (S - S I
Age at sexual | | } | !
maturity . . .!0.26** (0.33%% 10.43%* 10.06 3.70 i—0.20% ;—0.97** 1.02**
Egg Weight . |0.69** —0.21**!0.42** 3.40 —0,T7¢%, —3.66 1.04%*
mg Mg/g yolk | ! [0.75%% 1,61 —0.92"‘*|1.05** [3.14 0. 48%*
mg Pfgyolk . | i | 0.49%% |2 25 (0. 435 I1.56 10,81 %
mg Mafg volk | | —0.04 |0 98%* 279 i0.0b
mg K/g volk | | —1.46 [—2.75 1.49
Egg production | | .65 |—0,55%%*
until 70 wks . . i
Anpual egg | ‘
production | | | | 0,90+

* Significant correlation (P==0.03)
*# Significant correlation (P=20.01)

The genetic correlation between egg weight and ege production until 70
weeks of age was high and negative. This is expected if it is assumed that
a hen will lay a certain mass of cgg. If the numbers of these eggs increase,
their weight will decrease. The genetic correlations of egg weight with both
mg Mg/g yolk and mg Na/g volk were positive and significant, while they
were negative and significant with mg P/g yolk. The genetic correlations be-
tween cgg production unul 70 weeks of age with mg Mg, P, Na, and K per g
yolk were positive and high. Since the heritability for Na content of egg

Egypt. | Anim. Prod. 28, No. 1-2 (1983)
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volk is high and the genetic correlations between the Na content and egg produ-
ction and egg weight are high, it may be possible to utilize these relations in
selection l'or further increasing the egg production and egg weight of the com-
mercial layers. Highly positive genctic correlations between body weight at
sexual maturity and both mg Mg and P per g yolk were also observed. The
genetic corrclations between body weight at sexual maturity and egg production
until 70 weeks of age and the full record were negative and highly significant.

2. Phenotypic correlations

The phenotypic correlalions of cholestero!l per g yolk and serum choles-
terol with other traits are presented in Table 4. The phenotypic correlations
between cholesterol per g yolk and egg weight were negative and significant.
Bartuve et «f. (1971)and Cunninham ef @l (1974) reported no relationship
between egg weight and volk cholesterol, while Harris and Wilcox (19633)
and Kicka er al. (1979) reported positive phenotypic correlations between
volk cholesterol and egg weight. The phenotypic correlations between choles-
terol per g yolk and epg production until different ages decreased as the laying
period increased.

TABLE 4 Phenotypic corretatinns between cholesterol per g/volk and seram cholesterol
with other fraits.

mg cholesierol/g cholesterol/
Traits yolk 100 ml setwim
Age at sexual maturity S = om S —0 12 011
Body weight at sexual maturity o . —0 04 —0.02
Egg weight at 20 weeks of production e {) F2%% —0.09
Yolk weight. . . . . . . . . . . = o —0 02 — 0,08
Ege production until 40 weeks of age .| (I R —0.09
Egg production until 44 wecks of age ‘ O e —0 .10
Egg production until 48 weeks of age | 0 16* —.10
Egg production until 32 weeks of age E 013 —-0 .08
Egg production until 70 weeks of age : 013 —{, 16*
Full production (365 days) . . . . . . . ': 007 —0.12
Yolk cholesterol . i i A | — 0,11

*Significant correlation ( P==0.05)

=4 Qignificant correlation (P .=0.01})
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All correlations were positive and signilicant with egg production until 48
weeks of age. These estimates agree with those obtained by Collins et al.
(1968) but disagree with the results of Cunningham er al. (1974); Washburn
and Nix (1974a); and Kicka et al. (1979). They reported significant negative
correlations between cholesterol per g volk and egg production.  The pheno-
typic correlations between serum cholesterol with most other traits were nega-
tive and insignificant. However, there was a significant negative correlation
(-0.16) between serum cholesterol and cgg preduction until 70 weeks of age.
Similarly, Leveille and Fisher (1958), Smith (1959), Svacha (1959) and Johan-
son et al. (1959), observed negative correlations between cgg production and
serum cholesterol in chickens. The phenotypie correlations between serum
cholesterol and volk cholesterol were low and not significant. Washburn
and Nix (1974a) found similar positive insignificant correlations between the
two traits in the AC and ARB populations. However, Marion ef af. (1960)
found significant negative phenotypic correlations between the two traits.

The phenotypic correlations between ages at sexual maturity and egg
production at different ages were all negative and highly significant except
those with the full record (Table 5). Ezzeldin (1977) reported the same trend
between the two traits in the same flock ol Fayoumi chickens. The pheno-
typic correlations between mg Mg, N, and Fe/g yolk with cgg producton at
different ages were all positive and significant. The significant phenotypic
correlations between the Na content of egg yolks and egg production may
also prove to be an cfficient too! for speeding selection for egg production.

TABLE 5. Phenotypic correlitions between between age at sexual maturity, mineral
centents of ege yolk and egg production at  different ages.

Age at
Traits sexual Mg | ™Na | e

maturity
S B - S | S
Egy production until 40 wks. of age . . . | —0.53%% o1gE | Q2R g2
Ege production until 44 whks. of age . . | —0 47%% 0. 18* | .z3% 0 24%*
Egg production until 48 wks. of age . . —0.43** | 0.17% I 0,21%% 0 24%%
Egg production until 52 wks. of age . . —0.40%* 0.18% 0.23%% 0.26%%
Feg production until 70 wks. of age . . |0 24%* 0.25%% 0,28%% 0. 32%%
Full record (365 days) . . . . . . . . . |—0.09 0.20* 0.20% | 0.22%

*Gignificant correlation (P=0 03}

+=§ignificant correlation ( P==0 01)

Egypt. . Anim, Prod. 23, No. 1-2 (1983)
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The phenotypic correlations between the mineral contents ol the egg
volk are presented in Table 6. Phosphorus was significantly correlated with
all other minerals in the cgg yolk. Also Na, Zn, and Mg were significantly
correlated with all other minerals except Ca and K. Fe was significantly
correlated with all other minerals except K. K was only correlated with Ca
and P while Ca was only correlated with P, K, and Fe.

TABLE 6. Phenotypic correlations between the mineral contents of egg yolk.

; | | ;
Traits | Zn Mg l r ™Na [ K | Fe

' |
S = | ‘ B ‘ -~ e e | - s
|

Ca. .. | 006 | 0,14 0205  |_0.03 |0 554% 0 20%
Zi o | 0sies 025 | 0.40% | 0.08 0. 244
Mg, . - | [ e g | 007 0 0%+
B . | ‘ ‘ ! (. 44%% 0.48%* 0.24x=
Nao | | | | 0.02 0. 484
K ! | ‘ 011

#*Significant correlation (P=20.01)

*Significant correlation { P= 05)
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