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ABSTRACT : There exists considerable evidence that steroid hormones are involved in the regulation of ovulation rate and 
oviductal development in poultry. However, the effect of steroid hormones on egg productivity of Korean Native Ogol Chicken (KNOC) 
has yet to be studied. Therefore, this study was performed to relate the expression of steroid hormones, especially progesterone (P4) and 
estradiol (E2), with egg prod니ctivity during the laying period. Egg prod니ction and egg weight of 70 KNOC were recorded from 20 to 60 
wk. Blood was taken every 10 wk and sei■니m P4 and E2 were measured by radioimm니noassay. Based on egg prod니ctivity and steroid 
hormones levels 니p to 60 wk, chickens were divided into two gro니ps, high and low. Compared to the low egg prod니ction gro니p, a 
significantly higher expression of P4 at 30 wk was detected in the high group. Moreover, egg production in the high P4 group 
significantly differed from that in the low gro니p at 30 wk. On the other hand, a significant difference (p<0.05) in E2 expression was 
fo니nd between high and low egg weight groups at 30 wk. Although a significant difference in egg weight between two gro니ps by E2 was 
not detected, the high E2 group showed a higher level of egg weight than the low E2 group except for 25 wk. In the comparison of ovary 
weight and small yellow follicle number, the group with high egg productivity and steroid concentration showed greater levels than the 
low gro니p. Taken together, the res니Its indicate that P4 is related to egg prod니ctivity whereas expression of E2 is associated with egg 
weight in KNOC. (Asian-Aus(. J. Anim, Sci. 2001. Vol 14, No. 7 : 922-928)
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INTRODUCTION

The Korean Native Ogol Chicken (KNOC), which is a 
protected species under the Korean government (Protected 
Species Act No. 265), is a dual purpose (egg and meat) 
chicken with low egg productivity. From the 1980's, KNOC 
has been studied to protect genetic resources of native 
strains. In the past, the economic traits of KNOC were 
analyzed by statistical and genetical approaches (Lee et aL, 
1995; Seo et al., 1995; Han et 시., 1996). Recently, Kang et 
al. (2000) reported the association of endocrine factors with 
egg productivity in KNOC. However, more extensive basic 
research regarding endocrine aspects of KNOC is required 
to further improve genetic resources of KNOC.

Reproductive function in the female is controlled 
primarily by the interaction of the ovarian sex steroids 
progesterone (P4) and estradiol (E2). P4 and E2 are steroid 
hormones that are important for chicken reproduction. The 
preovulatory level of P4 is directly correlated to the 
ovulation of mature follicles (Johnson, 1984), and 
preovulatory rise of plasma P4 precedes and stimulates LH 
rise. A positive feedback mechanism exists between P4 and 
LH fbr ovulation induction, which resulted in positive 
correlations between circulating levels of P4 and egg 
production in layers (Tanabe et al., 1983). Changes in serum 
P4 concentration were correlated with 76% of the variation 
in percent egg production and indicates that P4 is related to 

egg production in pheasants. The importance of P4 in 
controlling ovulation has been reported previously in 
chickens (Kappauf and van Tienhoven, 1972) and in turkeys 
(Mashaly et al., 1979).

E2on the other hand, is not correlated to egg production 
(Johnson and van Tienhoven, 1984), but it is reportedly 
associated with the regulation of yolk formation and egg 
weight (Palmer and B가仃, 1992; Whitehead et al., 1993). 
Previous studies found that plasma E2 levels in the layer 
fluctuate in a predictable pattern in relation to the ovulatory 
cycle (Shodono et al., 1975) and suggested that E2 may 
increase the responsiveness of the hen's hypothalamus to P4 
(Kawashima et al., 1981).

Sexually mature White Leghorn hens carrying the sex- 
linked restricted ovulator mutation (Johns et al., .1975) 
indicated that an unusually high basal level of circulating E2 
and an unusually low level of P4 were associated with the 
failure to lay eggs (Leszczynski et al., 1983). In Mallard 
ducks, cessation of egg laying induced by stress was 
associated with low circulating levels of both P4 and E2 
(Bluhm et al., 1983). In turkeys, both nonlaying hens and 
hens with low egg production also have low levels of 
circulating P4 (Mashaly and Wentworth, 1974), although 
there was a conflicting report of decreased egg production 
by P4 injection in turkey hens (Kawashima et al., 1981).

Correlations of gonadotrophins to egg production have 
also been reported in chickens. Onagbesan and Peddie 
(1995) investigated LH action for oviduct development in 
chickens. FSH was found to increase the number of somatic 
and germ cells in embryo development (Mendez-Herrera et 
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al., 1998). An Elevation in P4 concentration just prior to 
sexual maturity could be the result of increased 
gonadotrophic hormone secretion from the pituitary gland. 
Gonadotophic hormones could then stimulate the synthesis 
of P4 from the large ovarian follicles (Mashaly et al., 1982). 
Finally, these reports showed that gonadotrophin is one 
factor that could be related to egg productivity in poultry. 
Furthermore, hypophysis hormone increases the production 
and secretion of E2 and P4 in the ovaries. These results 
imply that the modulation of endocrine factors may lead to 
the improvement of egg productivity in poultry.

Therefore, this study examined the levels of steroid 
hormones (E2 and P4) and compared the characteristics of 
ovaries in various ages of sexually mature KNOC with 
various levels of egg productivity.

MATERIALS AND METHODS

Animal
70 unselected female Korean Native Ogol Chicken 

(KNOC) (Protected Species Act No. 265) were purchased 
from Korean Native Ogol Chicken Breeding Farms 
(Yeonsan, Korea). They were raised at the Korea University 
Animal Breeding Center with a diet (16% crude protein, 3% 
crude fat, 7% crude fiber, 15% crude ash, 3% Ca, 0.45% P, 
0.58% methionine+cystine, 2.75 Mcal/kg metabolizable 
energy) ad libitum. All chicks were housed in individual 
cages and received 15 hr of light/d for 17 weeks followed 
by 15 min increase in light/wk up to 17 hr of light/d (Ohh et 
al., 1988). Egg production and egg weight were recorded 
daily from the onset of laying until the age of 60 wk. And 
average egg productivity (egg production and egg weight) 
was calculated every 5 wk until 60 week old.

Blood collection and preparation of serum
Blood (3~5 ml) was taken from the wing vein every 10 

wk from 20 wk until 60 wk. And blood collection was 
conducted from 11:00 to 15:00. In order to obtain serum, 
blood samples were incubated at room temperature for 2 hrs, 
and centrifuged for 20 min at 1,000 x g and the supernatant 
was stored at -70°C until being analyzed fbr hormone 
content.

Selection for experimental groups
Chicks were divided into high and low groups based on 

egg production, egg weight, estradiol, and progesterone 

profiles up to 60 wk. Criteria for selection between high and 
low groups were 20% in both upper and lower classes.

Estradiol and progesterone radioimmunoassay
Serum estradiol and progesterone concentrations were 

measured using RIA kit (Coat-A-Count, DPC, USA). 
Briefly, each sample (0.1 ml) was aliqouted in anti-estradiol 
or anti-progesterone coating tubes and incubated with [125I] 
estradiol or [I25I] progesterone fbr 5 hr at room temperature. 
Then, the supernatant was aspirated and the pellet was 
measured in a gamma counter (Packard, USA).

Measurement of weight and isolation for ovary and 
follicles

To study any possible correlation between egg 
production, egg weight, and steroid concentration with the 
morphological characteristics of the ovary and follicles, 
ovary and follicles (Fl〜F5) were isolated from 11:00 to 
15:00 at 60 wk. Ovaries were washed in PBS (132 mM 
NaCl, 2.7 mM KC1, 1.4 mM KH2PO4) 4.3 mM 
Na2HPO4-7H2O pH 7.5), their weights measured, and 
follicles (F1~F5) identified. Small yellow follicles (SYF) 
from the ovary were also counted.

Statistical analysis
Levels of egg production, egg weight, estradiol, and 

progesterone concentration from high and low groups were 
statistically analyzed using the Duncan's One Way ANOVA 
procedure of Statistical Analysis System (SAS Institute, 
1995).

RESULTS

Egg production, egg weight, and expression of steroid 
hormones in unselected group

Changes of egg production and egg weight in the 
unselected group from 20 to 60 wk are shown in table 1. 
The maximal egg production of approximately 20 ea was 
found at 36〜50 wk and thereafter production decreased. 
Similarly, egg weight gradually increased until 50 wks 
(50.54 g) and then declined. Table 2 shows concentration 
changes in serum E2 and P4 during the egg production 
period. Although highly variable E2 expression among 
chicks was observed, E2 was high at 40 wk (147.27 pg/ml) 
and 60 wk (158.85 pg/ml). Furthermore, the maximal 
expression of P4 (398 pg/ml) was detected at 40 wk of age.

Table 1. Number of eggs produced and egg weight for unselected Korean Native Ogol Chicken
. No. of ______________________________________ Weeks

、 chicks - 25 30「一 站 一 =0 - 45 — 3。一 一 括一 60

AEN2) (ea) 70 3.40±2.03 11.78±6.95 19.15±7.23 20.12±6.06 17.32±6.77 20.31±6.77 18.13±7.62 11.86±5.71

AEW3) (g) 70 40.51土2.66 43.69±3.95 47.33±2.53 48.57±2.81 49.67±3.18 50.54±2.72 48.84±3.59 48.80±3.56
° All values are expressed as mean土SD, 2) Average Egg Production Number,力 Average Egg Weight.
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Table 2. Concentration of serum E2 and P4 in 니nselected 
Korean Native Ogol Chick0

Traits No. of
Chkks 20 30

Weeks
40 50 60

e2 
(Pg/ml)

46
86.72 121.43 147.27 124.08 158.85

±37.69 ±44.22 ±81.84 ±66.81 ±67.33

P4 
(pg/ml) 46

144.2 179.1
±163.1 ±65.8

312.8 233.9 233.8 
±259.1 ±116.9 ±138.4

All values are expressed as mean±SD.

All together, the concentration of hormones and egg 
production were greater at 40 wk of age than at any other 
age.

Comparison of steroid hormones between high and low 
lines by egg productivity

Unselected KNOCs were divided into two groups 
depending on their egg productivity d니ring experimental 
period from 20 wk to 60 wk: a high egg production group 
with higher than 144 ea and a low egg production gro니p 
with less than 92 ea. The two groups comprise the upper 
and lower 20% of the unselected group, respectively. Then, 
steroid (E2 and P4) concentrations were compared between 
the two groups (table 3). Although significant differences 
were not detected between the two groups, E2 concentration 
in the high group was higher than that in the low group at 
20, 40, and 50 wk. Similar to E2 pattern, P4expression in the 
high group peaked in the middle period of egg production. 
On the other hand, P4 concentration of the low group 
gradually increased from 20 to 60 wk. In general, the high 
group showed higher levels of P4 than the low group. 
Notably P4 concentration was significantly different at 20 

wk (212.0+28.4 and 137.4±53.6 pg/ml; p<0.01).

Comparison of steroid hormones between high and low 
groups by egg weight

As described for KNOC grouping by egg productivity, 
the high egg weight group of higher than average 49.7 g, 
and the low egg weight group of less than average 46.2 g 
were selected and their steroid contents were compared 
(table 4). E2 expression in both groups increased during the 
period of egg production. The highest E2 concentrations for 
the high and low groups were 168.0 pg/ml and 150.8 pg/ml 
at 60 wks, respectively. However, a significant difference 
(p<0.05) was detected at 30 week (146.9±41.5 pg/ml and 
103.6±24.8 pg/ml). Contrary to E2 profiles, P4 in both 
groups gradually increased with 40 wk then declined. 
Unlike the comparison of P4 concentration with egg 
production (table 3), significant differences in P4 amount by 
egg weight were not detected.

Comparison of egg production and egg weight between 
high and low groups by E2 concentration

The high E2 concentration group with higher than 150.9 
pg/mJ and the low E2 concentration group with less than 
92.5 pg/ml were compared for egg production levels and 
egg weight (table 5). The patterns of egg production in both 
groups were similar to the tendency of egg production in 
the unselected group (table 1). Although a significant 
difference was not detected between the two groups, egg 
production in the low group is higher than that of the high 
group in the early period of egg production (at 25, 30 wk), 
but a reverse pattern was shown from the middle period 
(table 5). On the other hand, the egg weight increased until

Table 3. Comparison of E2 and P4 concentration between high and low egg production groups15

Traits Groups No. of 
Chicks

Weeks
20 30 40 50 60

e2 High (>144 eggs) 15 83.8±46.49 121.0±65.5 160.0±66.6 154.4±98.1 162.3±62.8
(Pg/ml) Low (< 92 eggs) 15 82.2±37.1 136.1+34.4 155.0+113.7 111.0+663 174.5±98.8

P4 High (>144 eggs) 15 187.8 + 194.2 212.0a±28.4 460.5±425.6 265.0±132.3 235.4±51.9
(pg/ml) Low (< 92 eggs) 15 86.9±15.3 137.4b±53.6 218.6±76.4 232.8 + 154.1 253.1 ±250.4

All values are expressed as mean±SD, 이5 Means with different superscripts differ (p<0.01), c,d Means with different superscripts
differ (p<0.05).

Table 4. Comparison of E2 and P4 concentration between high and low egg weight groupsI)

Traits Groups No. of 
Chicks

Weeks
20 30 40 50 60

e2 High (>49.7 g) 15 91.6±46.2 146.9a±41.5 157.0±96.3 129.1+60.3 168.0±83.8
(Pg/ml) Low (<46.2 g) 15 70.4±6.3 103.6b±24.8 131.4±75.8 110.4±47.0 150.8±74.3
P4 High (>49.7 g) 15 107.4±5.8 153.3±7.5 599.3±849.9 254.4±137.6 251.5+233.2
(pg/ml) Low (<46.2 g) 15 104.7±2.3 214.8+2.9 501.3+446.7 192.0±72.6 207.8±64.8
'All values are expressed as mean±SD,a,b Means with different superscripts differ (p<0.05).
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Table 5. Comparison of egg production number and egg weight between high and low E2 gro叩__________________________________________

: - No. of Weeks
"ms Groups chicks ~25 30 35 40 45 50 55 而一

AEN2) High (>150.9 pg/ml) W 2.8±0.5 11.9±4.4 18.7±7.5 20.7±7.1 16.9±5.7 20.6±8.2 17.6±8.4 12.2±6.7
(ea) Low (< 92.5 pg/ml) 10 5.0±2.8 13.1 ±9.5 15.9±9.5 16.9±5.6 15.6±5.4 17.1 ±6.9 16.8±9.1 10.9±2.9
AEW3, High7>r50'9pg/ml)''''T6'''4b'4±?7  44f8±2'9 47.9±2f6 48-9±22'50.7±2'7 5i'4±2.7 49.9±3'6 49'7±2.7 
(g) Low (< 92.5 pg/ml) 10 41.9±4.5 42.5±2.9 45.7±3.8 48.0±2.7 49.1 ±3.1 49.0±3.8 47.9±4.1 48.1 ±3.3
11 All values are expressed as mean±SD,2) Average Egg Production Number. J)Average Egg weight.

50 wk and decreased afterwards in both groups. Although 
the groups did not show any statistical difference in egg 
weight, the high group tended to show higher egg weight 
than the low group during all periods except for 25 wk.

Comparison of egg production and egg weight between 
high and low groups by P4 concentration

The high P4 expression group with higher than 298 
pg/ml and the low P4 concentration group with less than 155 
pg/ml were compared fbr egg production and egg weight 
(table 6). The high P4 group produced more eggs than the 
low P4 group throughout the entire period. In particular, the 
mean number of eggs produced was significantly different 
between high and low groups at 45 wk (21.0±4.1 ea and 
13.1±8.5 ea; p<0.05). In contrast, differences in egg weight 

between high and low P4 groups were not detected.

Comparison of morphological characteristics of ovary 
weight, f이li이es weight, and SYF number

Profiles of follicle weight, ovary weight, and small 
yellow follicle- (SYF) number between unselected group 
and the selected groups by egg production, egg weight, E2, 
and P4 are shown in table 7.

High and low groups by egg production number : A 
significant difference was detected in ovary weight between 
high and low groups (35.7±5.9 and 18.2±16.6 g; p<0.005). 
In addition, the weight of each follicle in the high group 
was higher than that of the low group, especially in the 
we迫ht of first folli이e (Fl) and second follicle (F2) (Fl: 
13.9±1.7 g and 8.0±6.9 g; F2: 9.3±1,9 g and 5.9±5.2 g;

Table 6. Comparison of egg production number and egg weight between high and low P4 groups'1

Traits Groups No. of 
Chicks

Weeks
25 30 35 40 45 50 55 60

aen2) High (그298 pg/ml) 10 2.0±1.0 12.4±8.2 18.7±8.5 22.3±5.0 21.0a±4.1 22±4.6 19.1±6.8 15.4±4.5
(ea) Low (<155 pg/ml) 10 0 10.6+7.6 15.0 + 8.0 18.4+7.1 13.1b+8.5 14.9±9.3 11.8 + 8.6 6.4±4.2
AEW3) High (그298 pg/ml) 10 39.7±2.3 43.3±2.4 46.6±2.048.5±1.7 50.2±2.3 50.9±2.3 49.9±2.8 50.4±2.5

(g) Low (<155 pg/ml) 10 0 44.2±2.9 47.2±3.6 49.0±2.6 50.4±2.8 50.1 ±4.2 49.6±4.2 50.4+2.3
All values are expressed as meaniSD,幻 Average Egg Production Number,力 Average Egg Weight. 

a,b Means with different superscripts differ (p<0.05).

selection groups'1
Table 7. Comparison of follicle weight, ovary weight, and small yellow follicle number among EN, EW, E2, and P4

Selection 
Traits

Groups No. of 
Chick

Folli이e weight (g) Ovary 
weight (g)2)

No. of 
syf3)Fl F2 F3 F4 F5

mF) High (>144 eggs) 15 13.9C+1.7 9.3C+1.9 4.9+1.7 1.8±1.1 0.4±0.3 35.7a±5.9 9.9±3.1
Low (< 92 eggs) 15 8.0d±6.9 5.9d±5.2 3.0±3.0 1.3 + 1.3 0.6±0.7 18.2b±16.6 11.0±4.3

PW5^ High (> 49.5 g) 15 12.8 + 5.4 8.9±4.4 4.6 + 3.0 1.5±1.5 0.5+0.5 27.4±15.2 8.8±6.0
Low (< 46.2 g) 15 10.8+4.9 7.2±3.3 3.5±2.1 1.2±1.0 0.3±0.2 25.9±12.7 8.3±2.7

E2
High (>150.9 pg/ml) 10 14.0c±4.2 9.7C±3.1 5.2C±2.6 1.9±1.8 0.6±0.5 31.1±16.8 12.9C±4.2
Low (< 92.5 pg/ml) 10 9.1d±5.0 5.4d±4.0 2.3d±1.9 0.7±0.4 0.2±0.1 20.6±12.3 8.6d±3.2

P4 High (>298 pg/ml) 10 14.6a+2.4 9.5±2.6 4.5+2.2 1.6±1.7 0.5±0.5 31.8 + 14.4 10.7±4.5
Low (<155 pg/ml) 10 6.8b±7.3 5.1+5.2 2.3±2.5 0.6+0.8 0.2±0.2 19.7±16.2 6.2+4.0

Overall 70 11.9±4.5 8.4±3.5 4.3+2.5 1.5+1.2 0.4+0.4 28.6±13.4 9.3±4.0
All values are expressed as mean±SD, 2^F1 to F5 follicle weight plus SYF weight,3) Number of small yellow follicle. 

a,b Means with different superscripts differ (p<0.005),c-d Means with different superscripts differ (p<0.05).
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Figure 1. Photographs of ovary in high and low groups (A: 
Egg number; B: Egg weight)

Figure 2. Photographs of ovary in high and low groups (A: 
Estradiol; B: Progesterone)

p<0.05). Photographs of ovaries from the high and low 
groups are shown in figure 1A. The development of the 
ovary as well as the distribution and growth of corpus 
luteum (CL) in the high group is more remarkable than that 
of the low group. Notably, ovaries in the high group 
contained many ordered follicles (F1〜F5 and SYF) whereas 
that of the low group had only a few unordered follicles, 
showing a hierarchy of yellow yolky follicles in the high 
group.

High and low groups by egg weight : Table 7 and 
figure IB showed the comparison of morphological ovary 
characteristics between high and low groups by egg weight. 
Unlike the comparison by egg production (table 7), follicle 
weight and ovary weight did not show significant 
differences in the two groups. In the low egg weight group, 
less development of the vascular system in follicles was 
observed.

High and low groups by E2 concentration : The 
comparison of moiphological characteristics of the ovary in 
both groups are shown in figure 2A. The follicle weight of 
the high group was usually higher than that of the low 
group, especially at Fl (14.0 g vs. 9.1 g; p<0.05), F2 (9.7 g 
vs. 5.4 g; pv0.05), and F3 (5.2 g vs. 2.3 g; p<0.05). 
Moreover, significant differences in the number of SYF 
between high and low groups were detected (12.9±4.2 ea 
and 8.6±3.2 ea; p<0.05). Also, abnormal follicles were 
observed in the ovary of low group. Therefore, these results 
support the hypothesis that E2 is mainly involved in the 
development and differentiation of follicles in poultry.

High and low groups by P4 concentration : The 
comparison of morphological characteristics of the ovary 
between high and. low P4 groups is described in table 7 and 
figure 2B. A significant difference in the Fl follicle weight 
between high and low P4 groups was detected (14.6±2.4 g 
and 6.8±6.5 g; p<0.05). The average weight of other 
follicles in the high group was about twice higher than that 
in the low group. It was of interest that the ovary of a few 
hens in the low group had only SYF without developing 
follicles, whereas the ovary of the high P4 group had well- 

developed and ordered follicles.

DISCUSSION

KNOC is a chicken that expresses characteristics of 
both broiler and layer, with low egg productivity. The 
annual egg production of KNOC is approximately 120 
(Nahm, 1997), which is far less than that of White Leghorn 
(>300) (Robert, 1996). It is not difficult to suspect that this 
is due to different endocrine mechanisms between the two 
strains. However, few studies on the reproductive 
physiology of KNOC have been conducted, although 
studies of egg productivity in KNOC had been reported in 
relation to breeding and genetics. Therefore, this study was 
conducted to investigate the relationship between the 
expression of steroid hormones (E2 and P4) and egg 
productivity. In addition, the morphological and anatomical 
characteristics of ovary with respect to egg production, egg 
weight, E2, and P4 in KNOC were compared.

The number of eggs laid by a hen is determined by the 
number of follicles selected for ovulation and by the 
capacity of the oviduct to transform the ova into hard- 
shelled eggs. In general, the ovary of the egg laying 
chickens contains five to six hierarchical yellow follicles, 
which allows a mature follicle to ovulate on successive days 
fbr extended periods. It also contains large numbers of 
small and large white follicles which recruitment of only 
one follicle to the hierarchy is made on a daily basis 
(Norman, 1987).

The steroid hormones E2 and P4 are known to play 
important roles in ovarian physiology. Johnson (1984) 
suggested that the rise in plasma P4 precedes and stimulates 
the rise of luteinizing hormone (LH), and the presence of a 
positive feedback between P4 and LH results in hormone 
peaks that induce ovulation, indicating that the preovulatory 
level of P4 is directly associated with ovulation of a mature 
follicle. Yoshimura et al. (1992) suggested that P4 might 
directly regulate the fundamental functions of growing 
follicular cells and of ovulation via P4 receptors on the 
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follicle. These studies suggest that the preovulatory surge of 
P4 plays an important role in ovulation in chickens.

Consistent with the above, this study founds that after 
sexual maturity in KNOC, P4 concentration and egg 
production reached a peak at the same age (40 wk) and 
declined afterwards (tables 1 and 2). The results from this 
study also support previous reports for other poultry 
(Mash지y and Wentworth, 1974; Mashaly et al., 1982; Su et 
al, 1996).

Moreover, weights of ovary and follicles in the high egg 
production group were higher than those in the low group 
(table 7), indicating that high egg prod니ction is due to a 
high degree of follicle maturation. Also, the findings that 
the average weight of follicles in the high P4 group was 
about twice as much as that in the low group and that the 
ovary of the high P4 group had well-developed and ordered 
follicles confirmed the positive relationship of P4 expression 
with egg production.

The majority of plasma E2 is assumed to be derived 
from follicles (Robinson et al, 1986). In addition, E2 in 
conjunction with P4 primes the release of LH (Wilson et al, 
1976). LH plays multiple roles throughout follicular 
development (Wu et al., 2000) and a higher preovulatory E2 
level is related to the activity of immature follicles and the 
maturation and growth of Fl.

The comparison of E2 expression between high and low 
egg weight groups showed the highest concentration of 
168.0 pg/ml and 150.8 pg/ml at 60 wk, respectively (table
4) . Although significant differences in egg weight between 
high and low E2 groups were not detected, the high E2 
gr이jp showed a tendency of heavier egg weight than the 
low E2 group for all periods except 25 wk (table 5). A 
similar result was reported by Su et al (1996). Also, the 
report by Whitehead et al. (1993) showing that E2 is 
associated with controlling egg weight supports our results. 
Therefore, the res니Its suggest the involvement of E2 in the 
regulation of yolk formation (table 7) and egg weight (table
5) , not in egg production.

In the previous report (Su et al., 1996), the egg 
production and average egg weight of albino and nonalbino 
hens originated from White Leghorn were approximately 
210 and 49 g until 60 wk, respectively. Also, E2 and P사 

concentrations (300〜350 pg/ml and 1.4-1.6 ng/ml) in these 
hens were higher than those in KNOC thr이jgh 比。egg 
laying period. So these results indirectly s니ggest that the 
concentration of steroid hormones has a relation to egg 
productivity in poultry.

In addition to the steroid hormones, endocrine studies at 
DNA and protein levels should be conducted. Feng et al. 
(1997) reported that improved egg production and advanced 
sexual maturity were observed when the genotypes of 
growth hormone and growth hormone receptor were applied 
fbr the breeding of White Leghorn laying hens. Furthermore, 

Nagaraja et al. (2000) studies the relationship between egg 
productivity and insulin-like growth factor-I genotypes in 
unselected White Leghorn and s니ggests that economic traits 
can be improved based on IGF-I genotypes. Taken together, 
these reports imply that egg productivity may be improved 
when selection is made with genotypes related to endocrine 
functions. Related study in KNOC is in progress.

In conclusion, the expressions of E2 and P4 in KNOC at 
different ages were examined to find correlations in egg 
productivity. The positive interactions of egg prod니ction 
with P4 concentration were observed. On the other hand, E2 
expression was found to be positively correlated to egg 
weight Therefore, based on the results from this study and 
other recent reports, the economic traits of poultry, s니ch as 
egg productivity and body weight, may be improved by 
selection with regard to hormones or peptide growth factors 
at gene or protein levels.
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