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Summary: This study was performed to investigate the effects of egg weight and amount of protoporphyrin and biliverdin in
the eggshell on hatchability and embryonic mortality in pheasants. A total of 1908 eggs obtained from 48 weeks old pheasants were
used in the study. The eggs were divided into three colour groups (dark brown, light brown and green) and two weight groups (up to
32 g and above 32 g). For the weight groups, there were significant differences in the hatchability of fertile eggs (P<0.01) and late
period embryonic mortality (LPEM) (P<0.05). The highest hatchability of fertile eggs and the lowest embryonic mortality were
determined in light eggs (<32 g). In terms of eggshell colour groups, there were significant differences in the hatchability of total eggs
(P<0.01); hatchability of fertile eggs (P<0.01); and early (P<0.01), middle (MPEM) (P<0.05) and late period (P<0.05) embryonic
mortality. In present study, the highest hatchability and the lowest embryonic mortality rate (except for MPEM) were in the dark brown
eggshell group. For all groups, the differences in fertility rate were insignificant (P>0.05). The highest hatching characteristics and the
lowest embryonic mortality rates were determined in the dark brown eggs. Based on these results, to achieve higher a hatchability of
total eggs, hatchability of fertile eggs and a lower embryonic mortality rate, it may be beneficial selection of dark brown pheasant eggs.
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Siiliinlerde (Phasianus Colchicus) yumurta agirhg: ve yamurta kabugundaki protoporfirin ve
biliverdin miktarimin kulugka 6zellikleri ve embriyonal 6liim iizerine etkisi

Ozet: Bu aragtirma, siiliinlerde yumurta agirhigr ve yumurta kabugundaki protoporfirin ve biliverdin miktariin kulucka
ozellikleri ve embriyonik 6liim iizerine etkisini arastirmak amaciyla yapilmistir. Arastirmada 48 haftalik siiliinlerden elde edilen toplam
1908 yumurta kullanilmistir. Yumurtalar ii¢ renk grubu (koyu kahve, acik kahve ve yesil) ve iki agirlik grubu (<32 g ve 32<g )’na
ayrilmigtir. Agirlik gruplarinda, ¢ikim giicti (P<0.01) ve ge¢ dénem embriyonik mortalite (LPEM)(P<0.05) ortalamalari arasindaki
farkliliklar 6nemli bulunmustur. En yiiksek ¢ikim giicii ve en diisiik embryonik Sliim hafif yumurtalarda (<32 g) tespit edilmistir.
Yumurta kabuk rengi gruplari bakimindan, kulugka randimani (P<0.01); ¢ikim giicii (P<0.01); erken (P<0.01), orta (MPEM) (P<0.05)
ve ge¢ donem (P<0.05) embryonik 6liim ortalamalar1 arasindaki farkliliklar 6nemli bulunmustur. Aragtirmada, en yiiksek kulucka
randimani ve en diigiik (MPEM hari¢) embriyonik 6liim orant koyu kahve kabuklu yumurtalarda bulunmustur. Tiim gruplarda, fertilite
orani ortalamalart arasindaki farklilik 6nemsiz (P>0.05) bulunmustur. En yiiksek kulugka performansi, kulugka orani ve en diisiik
embryonik 6liim oran1 koyu kahve kabuklu yumurtalarda bulunmustur. Bu sonuglara bagli olarak, daha yiiksek bir kulucka randimani,
¢ikim giicii ve daha diisiik bir embriyonik 6liim orani elde etmek igin, koyu kahverengi siiliin yumurtalarinin segimi yararl olabilir.

Anahtar sozciikler: Biliverdin, kulugka 6zellikleri, protoporfirin, siiliin, yumurta.

Introduction

In poultry breeding, profitability and productivity are
closely related to the numbers of chicks obtained from
hatching eggs, and obtaining the maximum number of
chicks is dependent on a successful hatching period. The
physical characteristics of the egg play an important role
in the process of embryo development and successful
hatching (28). Egg weight and eggshell colour are two
physical factors that influence hatchability. Their effects

on hatchability have been studied for hens (1, 31, 34, 37),
wild birds (25, 26) and pheasants (4, 14, 21, 22).

Effect of egg weight on hatchability is an important
economic trait in domestic poultry. It was reported that
smaller and excessively big eggs tended to have lower
hatchability of fertile eggs (2, 18, 41). Senepati et al. (33)
reported positive correlations between egg weight and
hatchability. However, Deeming (7) found that hatchability
of ostrich eggs decreased with increasing egg weight.
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Eggshell color is determined by levels of the
pigments protoporphyrin and biliverdin which are the
products of hem metabolism. Biliverdin and
protoporphyirin, which are released by the eggshell gland,
are included in the structure of the eggshell when it begins
to form. Protoporphyrin is red and causes brown colouring
and biliverdin causes green colouring (16, 17, 27, 30).
Depending on the amount of protoporphyrin, eggshell
colour can range from light brown to dark brown.
Biliverdin was reported from blue and green eggshells of
domesticated fowl (19, 32).

As in the breeding of all poultry species, the effects
of physical characteristics of eggs on successful hatching
are among the most important influences for pheasants (8,
21). It is known that Ring-necked pheasants (Phasianus
Colchicus) live at an altitude 400 m in Marmara and Black
Sea Regions in Turkey (38). Ring-necked pheasants are
one of the endangered species in natural conditions in
Turkey. However, the pheasants are unleashed from
generating station of pheasant to natural life in Marmara
and Black Sea Region by Ministry of Forest and Water
Management (6). In pheasant breeding, obtaining of fertile
eggs, high hatchability and lowest embryonal mortality
are important for continuity of herd. For this purpose, the
effect of egg weight, length of storage, stock age, different
breeding regimes on hatchability performance has been
studied for pheasants (4, 9, 20).

Pheasant eggs can be different colours, including
grey-white, blue, olive green, light brown and dark brown.
In studies of the hatchability of pheasant eggs of different
colours, it was reported that fertility, hatchability and
hatchability of fertilized eggs were higher in brown eggs
than in eggs of other colours (21, 22). Shafey et al. (34)
reported that differences in hatchability and embryonal
mortality might be related to differences in pigment
density in the eggshell and that eggshell pigmentation
could play a key role in shielding the egg’s contents from
harmful radiation and hence successful embryonic
development. Nevertheless, reasons for an association
between hatchability and eggshell colour are unclear.
Therefore, association between hatchability and colour
pigment of pheasants eggshell should be conceived.
However, research on the relationship between
hatchability and the amount of protoporphyrin and
biliverdin in the eggshells of pheasants is rather limited.

As a contribution to efforts to increase the efficiency
of pheasant breeding, the current study aimed to
investigate the effects of egg weight, amount of
protoporfirin and biliverdin in eggshell on hatchability and
embryonal mortality.

Materials and Methods
Animals, housing and designation of groups: A total
of 1908 eggs (1728 for hatching and 180 for pigment

analyze) laid by 48 weeks old pheasants were obtained
from the Gelemen Pheasant Breeding Centre of the Forest
and Water Ministry of Turkey. The study was approved by
Ethical Committee for Experimental Animals of Ondokuz
Mayis University (HADYEK/85). The eggs were
collected from small breeding flocks having one male and
seven females kept in open cages of 4 m x 5 m. The
pheasants were fed ad libitum with 14.70% crude protein
and rations that contained 2665 kcallky ME. A
preliminary study was performed before planning the
present study. It determined that the mean weight of
pheasant eggs obtained in the previous production period
was 32 g. They generally had shell colours of dark brown,
light brown or green, which were visually determined. On
the basis of the results of the preliminary study, eggshell
colour groups (dark brown, light brown, and green) and
egg weight categories of light (up to 32 g) and heavy
(above 32 g) were designated. After these classifications,
a total of six groups was constructed, with each colour
group divided into two weight subgroups. The six groups
were designated as dark brown shelled-light (Dbrw-light),
dark brown shelled-heavy (Dbrw-heavy), light brown
shelled-light (Lbrw-light), light brown shelled-heavy
(Lbrw-heavy), green shelled-light (Grn-light) and green
shelled-heavy (Grn-heavy).

Hatchery conditions and evaluation of incubation
results: The selected pheasant eggs were placed in trays
and kept at 18°C and relative humidity of 75% for seven
days and then transferred to a 2500 egg capacity, cupboard
type incubator (Cimuka-T series). The eggs were
incubated at 37.70°C and 65% moisture for 21 days in the
development section, and at 37.50°C and 90% moisture
for last 3 days (5). At the end of the 24 day incubation
period, the eggs which had not hatched were broken one
by one and observed with the naked eye. In that
macroscopic examination, the stage of embryo
development at death was classified in terms of 4 possible
death periods. The classification was done as follows;
EPEM: early period embryonic mortality (eyes developed,
feathered developed); MPEM: middle period embryonic
mortality (feathers developed, more of yolk sack external
to the body); LPEM: late period embryonic mortality (2/3
or whole of yolk sack in the body of embryo) and LDM:
wholely developed embryo in the cracked eggshell (last
day mortality) (11). Fertility, hatchability of total eggs and
hatchability of fertile eggs was calculated as the fertile
eggs / total eggs, chick number of hatched / total eggs and
chick number of hatched / fertile eggs respectively. Also,
EPEM, MPEM, LPEM and LDM was calculated as early
period embryo mortality / fertile egss, middle period
embryo mortality / fertile eggs, late period embryo
mortality / fertile eggs and last day mortality / fertile eggs
respectively (2).
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Analysis of protoporphyrin and biliverdin in
eggshells: Extraction from samples: For the analysis of
protoporphyrin and biliverdin pigments, 30 eggs were
selected from each group, with a total of 180 eggs
examined. Eggshell colour were visually determined for
biliverdin and protoporfirin analyses. From each egg 100
mg of crushed eggshell was placed in a polypropylene
eppendorf centrifuge tube and 0.5 ml of disodium EDTA
(pH 7.2, adjusted with NaOH) (Merck, Darmstadt,
Germany) solution (100 mg/ml) was added and allowed to
sit for 5 min, followed by stirring for 1 min in a vortex.
The stopper of the tube was released carefully. After the
foaming disappeared, the tube was centrifuged for 2 min
at 15000 rpm and the supernatant was removed. These
stages were repeated three times. In the final stage, 1 ml
of acetonitrile-acetic acid (v/v; 80:20) was added and
mixed for 2 min in a vortex. The stopper of the tube was
uncapped after 30 seconds to free liberated CO,. Then the
tube was centrifuged for 4 min at 15000 rpm/min. The
supernatant was filtered through a 0.45 um PTFE disc
(Isolab, Wertheim, Germany) into a 1.5 ml amber vial, and
20 pl of the filtered supernatant was injected into a HPLC
system (Prominence LC - 20A, Shimadzu, Kyoto, Japan)
(12) for determination of the the amounts of
protoporphyrin and biliverdin.

HPLC operating conditions: Calibration solutions
were prepared with protoporphyrin IX and biliverdin
standards (Sigma-Aldrich Co. LLC. St. Louis, MO, USA).
A Lichrosorb RP-8-10 pm column (250 x 4 mm, Merck,
Darmstadt, Germany) was used for separation. The mobile
phase solvents A and B were 100 mM ammonium acetate
(pH 5.5), 2-methoxyethanol and methanol (v/v; 45:5:50);
and 2-methoxyethanol and methanol (v/v; 5:95),
respectively. The flow gradient was changed at a linear
rate from 100% solvent A to 100% solvent B in 11 min.
After that, it was changed from 100% solvent B to 100%
solvent A in 4 min. Total analysis time was 15 min and the
flow speed was 1.4 mL/min. The protoporphyrin and
biliverdin amounts were determined at 400 nmand 376
nm, respectively, using a DAD detector (Shimadzu, SPD
M20A, Kyoto, Japan) (17).

Statistical analysis: The Chi-square test was used for
the comparision of fertility, hatchability of total eggs,
hatchability of fertile eggs, early period embryo mortality,
middle period embryo mortality, late period embryo
mortality and last day mortality values having the
propotional values among and inside the research groups.
Least square variance analysis was performed for the
comparision of egg weight, amounts of protoporphyrin
and biliverdin in the different weight, colour and colour %
weight groups, and determination of the significance of
differences between the groups was done with the Duncan
test (3).

Results
Hatchability and embryonic mortality: The means of
egg weight and eggshell colour groups are presented in
Table 1, with egg weight ranging from 30.04 to 34.76 g.
Differences among egg weight (P<0.001) were significant
in this study. However, differences among eggshell colour
groups were no significant (P>0.05).

Table 1. Mean of egg weight in pheasant groups (Mean+ S.E.).
Tablo 1. Gruplardaki yumurta agirligi ortalamalari (Ortalama+
S.E).

Characters Total eggs Mean egg weight
Weight falaed
Light 768 30.24+0.06
Heavy 960 34.57+0.05
Colours NS.
Dbrw 672 32.53+0.09
Lbrw 672 32.24+0.09
Grn 384 32.43+0.12
Grand mean 1728 32.40+0.04

***: P<0.001, NS: not significant.
**%: P<0.001, NS: 6nemsiz

The mean values for hatchability and embryonic
mortality rate of pheasant eggs for weight, colour and
different colours in weight groups are given in Table 2.
The highest fertility among egg weight groups was
determined for the heavy groups. In contrast, the highest
hatchability of total eggs and hatchability of fertile eggs
(P<0.01) were for the light groups. Therefore, fertility
increased with increasing egg weight, but hatchability of
total eggs and hatchability of fertile eggs increased with
decreasing egg weight. The lowest embryonal mortality
rate among egg weight groups was in the light groups; that
is, embryonal mortality increased paralel to increasing egg
weight. In the present study, the highest embryonal
mortality rate for both of egg weight groups was for late
period embryo mortality (P<0.05). Furthermore, it was
determined that the early embryonal mortality decrease
with increasing egg weight while middle embryonal
mortality and last day mortality increased with increasing
egg weight.

In terms of eggshell colour, there were significant
differences for hatchability of total eggs (P<0.01) and
hatchability of fertile eggs (P<0.01) but not for fertility
(P>0.05). Moreover, the highest fertility, hatchability of
total eggs and hatchability of fertile eggs were determined
for dark brown eggs. When based on the dark brown
eggshell colour value, the difference between dark brown
and light brown eggs were 3.11%, 6.35%, 3.35% and
difference between dark brown and green eggs were
4.02%, 14.06% and 10.46% for fertility, hatchability of
total eggs and hatchability of fertile eggs respectively. The
lowest early period embryonal mortality (P<0.01), last
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period embryonal mortality (P<0.05) and last day
mortality (P>0.05) were for the dark brown eggshell
group, whereas the lowest middle period embryonal
mortality (P<0.05) was for green eggshells.

For weight, colour and different colours in weight
groups, the differences of fertility, hatchability of total
eggs, hatchability of fertile eggs and all of embryonal
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mortalities for light eggs were not significant (P>0.05).
However, the differences for hatchability of total eggs
(P<0.01), hatchability of fertile eggs (P<0.01) and late
period embryonal mortality (P<0.01) were significant for
heavy eggs, while fertility, early period embryonal
mortality, middle period embryonal mortality and last day
mortality were not significant (P>0.05).

Table 2. Hatching characteristics and embryonic mortality rates for pheasant eggs.
Tablo 2. Siiliin yumurtalarinda kulugka 6zellikleri ve embriyonik 6liim oranlari.

Weight Colour Total Fertile Hatchability Fertility HR HFE EPEM MPEM LPEM LDM
€ggs €ggs
n n n % % % % % % %
Light 768 633 556 82.42 72.39 87.83 1.82 1.17 6.25 0.78
Heavy 960 822 665 85.62 69.27 80.90 3.22 1.04 9.27 1.77
3.201NS  2.010NS  12.746™  3.327 0.067 5.334" 3.181
Dbrw 672 578 503 86.01 74.85% 87.022 1.64b 2.682 6.10° 0.74b
Lbrw 672 560 471 83.33 70.092 84.102 2.23° 1.342 6.70° 1.49°
Grn 384 317 247 82.55 64.32b 77.91° 4952 0.52° 10.682 2.082
2.822Ns 13.238™ 12.603™ 11.162" 7.661"  8.023"  3.544NS
Light  Dbrw 288 244 218 84.72 75.69 89.34 1.04 1.39 6.25 0.34
Lbrw 288 233 209 80.90 72.56 85.69 1.74 1.40 4.17 1.38
Grn 192 156 129 81.25 67.18 82.69 2.10 0.70 6.25 0.34
1.693N  4.179NS  5140N  1.016NS  0.674NS 1.588NS 3.004NS
Heavy  Dbrw 384 334 285 86.97 74.228 85.322 2.80 1.40 8.00° 1.38
Lbrw 384 327 262 85.16 68.232 80.122 3.50 2.10 14.90? 2.10
Grn 192 161 118 83.85 61.46° 73.29° 4.60 0.00 8.00° 2.40
1.130Ns  10.117™ 10.400™ 1.272NS  5666NS  10.021™  0.850NS

EW: Egg Weight, HR: Hatchability Rate, HFE: Hatchability of Fertile Eggs Dbrw: Dark brown shelled eggs, Lbrw: Light brown
shelled eggs, Grn: Green shelled eggs, EPEM: Early Period Embryonic Mortality, MPEM: Middle Period Embryonic Mortality, LPEM:

Late Period Embryonic Mortality, LDM: Last Day Mortality.
*:P<0.05, **:P<0.01, NS: not significant.

EW: Yumurta agirligi, HR: Kulugcka Randimani, HFE: Cikim Giicli, DBrw: Koyu kahve kabuklu yumurtalar, Lbrw: Acik kahve
kabuklu yumurtalar, Grn: Yesil kabuklu yumurtalar, EPEM: Erken Dénem Embriyonik Oliimler, MPEM: Orta Dénem Embriyonik
Oliimler, LPEM: Geg¢ Dénem Embriyonik Oliimler, LDM: Son Giin Oliimleri.

*:P<0.05, **:P<0.01, NS: 6nemsiz.

Table 3. Biliverdin and protoporphyrin amounts in pheasant egg groups (Mean+ S.E.).
Tablo 3. Siiliin yumurtalarinda biliverdin ve protoporfirin miktarlar1 (Ortalama+ S.E.).

Main effects Total eggs Biliverdin (umol/g) Protoporphyrin (umol/g)
Weight n ol NS
Light 89 4.88+0.13 11.28+0.30
Heavy 85 4.24+0.13 10.72+0.31
Color *kk *k*k
DBrw 59 5.24+0.162 14.87+0.382
Lbrw 55 3.72+0.17¢ 9.4440.39P
Grn 60 4.72+0.16P 8.68+0.37°
Interactions Fx NS
Light DBrw 5.66+0.232 15.15+0.53
Lbrw 3.58+0.23b 9.38+0.54
Grn 5.394+0.232 9.294+0.53
Heavy DBrw 4.82+0.232 14.59+0.54
Lbrw 3.85+0.25b 9.4940.57
Grn 4.05+0.23P 8.07+0.53
Grand mean 174 4.56+0.09 11.00+0.22

DBrw: Dark brown shelled eggs, Lbrw: Light brown shelled eggs, Grn: Green shelled eggs.

**:P<0.01, ***:P<0.001, NS: not significant.

DBrw: Koyu kahve kabuklu yumurtalar, Lbrw: A¢ik kahve kabuklu yumurtalar, Grn: Yesil kabuklu yumurtalar.

**:P<0.01, ***:P<0.001, NS: 6nemsiz
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Biliverdin and protoporphyrin amounts: The mean
values and standard deviations for protoporfirin and
biliverdin amounts are provided in Table 3. For egg
weight, biliverdin (P<0.01) and protoporfirin (P>0.05)
amounts in light eggs were higher than in heavy eggs.
Moreover, the differences between light and heavy eggs
for biliverdin and protoporfirin were 13.11% and 4.96%
respectively. HPLC-DAD chromatograms for dark-
brown, light-brown and green eggshells are shown in
Figures 1, 2 and 3, respectively.

In the present study, the protoporfirin and biliverdin
amounts of 14.87umol/g and 5.24 pmol/g, respectively, in
the dark brown eggshells were higher than in the other
colour groups. For the eggshell colour groups, the
differences in the mean values for both of protoporfirin
and biliverdin were significant (P<0.001). In terms of the
colour x weight groups, the differences in protoporfirin
amount were not significant while differences in biliverdin
amount in the pheasant eggshells were significant
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(P<0.01). When based on the dark brown eggshell colour
value, the differences of biliverdin and protoporfirin
between dark brown and light brown eggs were 29.00%
and 36.50%, respectively, 9.92% and 41.62% for dark-
brown and green eggs, respectively.

Discussion and Conclusion

In the present study on pheasant eggs, there was no
significant effect of eggshell colour on egg weight. Mean
egg weight was 32.53, 32.24 and 32.43 g for brown, light
brown and green shelled eggs, respectively, (Table 1),
with egg weight ranging from 30.04 to 34.76 g. Egg
weight values were similar to those reported by
Krystianiak (21) namely, 31.70, 31.13 and 31.17 g, and by
Kozuszek et al. (22), namely 33.99, 32.88 and 31.97 g, for
brown, light brown and green shelled eggs, respectively.
Also, Kiriker et al. (20) reported mean weights of 31.89
and 31.16 g for brown and green eggs, respectively.
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Figure 1. The HPLC-DAD chromatograms for dark-brown egg shells at 376 nm (A) and 400 nm (B).
Sekil 1. Koyu kahve kabuklu yumurtalarda 376 nm (A) ve 400 nm (B) HPLC-DAD kromatogramlari.
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Figure 2. The HPLC-DAD chromatograms for light Brown eggshells at 376 nm(A) and 400 nm (B).
Sekil 2. Acik kahve kabuklu yumurtalarda 376 nm (A) ve 400 nm (B) HPLC-DAD kromatogramlari.
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Figure 3. The HPLC-DAD chromatograms for dark-brown eggshells at 376 nm (A) and 400 nm (B).
Sekil 3. Yesil kabuklu yumurtalarda 376 nm (A) ve 400 nm (B) HPLC-DAD kromatogramlari.
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It was determined that the fertility of light eggs was
lower than that of heavy eggs but the difference was not
significant (P>0.05) in this study (Table 2). Likewise,
Caglayan et al. (4) reported that the fertility for up to 32 g
pheasant eggs was lower than for eggs above 32 g. When
the weight groups were compared in terms of hatchability
of total eggs and hatchability of fertile eggs, light eggs
tended to have higher hatchability of total eggs and
hatchability of fertile eggs than heavy eggs (Table 2).
However, the hatchability of total eggs in light eggs for
broilers was lower than in heavy eggs (1, 37).
Furthermore, contrary to the results for hatchability of
total eggs and hatchability of fertile eggs in the present
study, Caglayan et al. (4) reported that hatchability of total
eggs and hatchability of fertile eggs for the up to 32 g
pheasant eggs was lower than for the above 32 g eggs. In
the current study, when the weight groups were compared
for embryonic mortality, the total embryonic mortality
rate in the heavy eggs was higher than in the light eggs
(Table 2). Likewise, the total embryonic mortality rate for
heavy eggs was higher than for light eggs (31, 36).
Especially, the late period embryonic mortaliy rates
(9.27%) higher than other embryonic mortality rate for the
heavy eggs (Table 2). Therefore, the loss of hatchability
of total eggs and hatchability of fertile eggs for heavy eggs
were attributable to an increase in late period embriyonic
mortality.

Pheasant eggs generally have dark brown, light
brorwn or green eggshell colour. Eggshell colour is
determined by levels of the pigments protoporphyrin and
biliverdin (14). The biliverdin had increased anti-oxidant
activity (10, 26), while protoporphyrin had photo-dynamic
and anti-bacterial effects (15). It was reported that there
was the effects of antioxidants on fertility and hatchability
of total eggs (13). In that study, protoporphyrin and
biliverdin amounts of 14.87 pmol/g and 5.24 pumol/g
respectively, in the dark brown eggs were higher than in
the other colour groups. In the present study, the higher
amount of protoporphyrin in the dark brown eggs was
comparable with the results of published studies (39, 42).
As in the results of the present study, Kozuszek et al. (22)
reported that the hatchability of total eggs and hatchability
of fertile eggs in dark brown eggs were higher than in light
brown and green eggs. In the present study, when the
fertility, hatchability of total eggs and hatchability of
fertile eggs were compared for colour groups, they were
higher in the dark brown eggs than in the light brown and
green eggs (Table 2). Therefore, the fertility, hatchability
of total eggs, hatchability of fertile eggs and embryonal
life for dark brown eggs might be related to the amounts
of protoporphyrin and biliverdin in these eggs. In the
present study, when the levels of embryonic deaths were
compared for the colour groups, the total embryonic

mortality rates were the lowest value for the dark brown
eggshells. Also, the total embryonic mortality rates for
light eggs were lower than those of heavy eggs (Table 2).
The positive effects of dark brown eggshell colour on
hatchability of total eggs, hatchability of fertile eggs and
embryonal life were also reported in stock broilers (28).
Also, the total embryonic mortality rates for light eggs
were lower than those of heavy eggs (Table 2). Solomon
(35) reported that the size of egg does not affect the
amount of pigment. Therefore, the amount of pigment per
unitarea is higher in light eggs than in heavy eggs and may
affect the hatchability of total eggs, hatchability of fertile
eggs and embryonic mortality rate. Supporting this
assertion, Shafey et al. (34) reported that improved
hatchability of total eggs and reduced embryonic mortality
with increasing pigment density in the eggshell. Thus, in
this study it was reported that biliverdin and
protoporphyrin amount for light and dark brown eggs
were higher than those of other eggs. Concordantly, the
reduced late embryonic mortality for light eggs and dark
brown were attributable to an increase in eggshell
pigmentation. However, in that study, dark brown
eggshells had the highest MPEM rate. Leeson et al. (23)
have suggested that MPEM was sensitive indicator of
stock diet deficiencies because mortality was normally
very low during this period. The National Resarch Council
(29) reported as 15% crude protein requirements for stock
pheasants. In this study, it was reported as 14.7% crude
protein. Therefore, it was determined that crude protein
was no effective on middle period embryonic mortality.
However, it was reported that ambient heat absorbtion by
dark eggshells was higher than by light coloured eggshells
(24). Also, the avian embryos produced more radiant heat
during growth in the hatching period. Avian embryos can
be very tolerant of hypothermia, but are far less tolerant of
hyperthermia (40). Therefore, the higher MPEM rate in
brown shelled eggs might be due to exceeding the lethal
core temperature value.

Consequently, in this study, the hatchability rate and
hatchability of fertile eggs were higher in dark brown
eggs, while the number of embryonic deaths was lower,
except for MPEM. Based on these results, to achieve
higher a hatchability rate and hatchability of fertile eggs,
and a lower embryonic mortality rate, it may be beneficial
to select dark brown pheasant eggs for incubation.
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