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ABSTRACT - This study was carried out to investigate the effects of eggshell colour and spot properties (colour and
size of the spot area) on eggshell incubation temperature and hatching outcomes of Japanese quail eggs (Coturnix coturnix
Jjaponica). Study material was allocated to five groups according to their eggshell and spot colours: black spots on greyish
white coloured eggshell (1), blue spots on greyish white coloured eggshell (1I), diffuse brown spots on greyish brown coloured
eggshell (III), brown spots on light green coloured eggshell (IV), and small brown spots on greyish brown coloured eggshell
(V). The size of the spotted area was determined in each egg group using digital image analysis. Mean relative weight losses
of hatched and unhatched eggs between days 0-10 and 0-14 of embryonic development were 4.76% and 10.48% and 9.17%
and 15.46%, respectively. The mean eggshell temperatures of hatched and unhatched eggs measured at the equatorial region
on days 10 and 14 during embryonic development were 36.92 and 37.79 °C and 36.84 and 37.18 °C, respectively. Eggshell
temperatures at the equatorial region on days 10 (36.89 °C) and 14 (37.57 °C) of embryonic development were lower than the
fixed temperature of the incubator (37.6 °C). Fertility, hatchability of fertile eggs, and hatchability and embryonic mortality
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rates do not vary in relation to eggshell colour or the size of the spotted area.
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Introduction

Eggshell colour, which has an effect on hatching
results, is one of the eggshell traits. Literature reports
indicate that in various bird species, eggshell pigmentation
serves as an indicator for the selection of females as well as
for genetic advance achieved by means of effective mating
(Stoddard et al., 2012). Eggshell pigmentation has also been
reported to have an effect on the egg nutrient content and
on the protection of the embryo from solar radiation during
natural incubation (Moreno and Osorno, 2003; Lahti, 2008;
Riehl, 2011; Cassey et al., 2012). Eggshell colour is formed
by pigments that are secreted by the shell gland (Liu and
Cheng, 2010).

The major pigments in bird eggs are protoporphyrin-
IX, biliverdin IX, and zinc chelate. It is suggested that
eggshell pigments are derived from the disintegration of
erythrocytes found in the mucous layer of the shell gland.
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Blood and the shell gland are considered to be the site of
the biosynthesis of eggshell porphyrin (Liu and Cheng,
2010). Biliverdin, a green pigment formed during the
breakdown of haemoglobin, gives the eggshell a blue
or green colour, whilst protoporphyrin, an immediate
precursor of heme molecule, gives the eggshell a reddish or
brown colour (Miksik et al., 1994; Liu and Cheng, 2010). It
has been reported that, of these pigments, biliverdin, which
is found in blue-green coloured eggshells, has antioxidant
properties (Moreno and Osorno, 2003; Soler et al., 2005;
Siefferman et al., 2006; Zhao et al., 2006; Liu and Cheng,
2010; Morales et al., 2011; Duval et al., 2013), whilst
protoporphyrin increases the resistance of the eggshell to
breakage (Miksik et al., 1996; Gosler et al., 2011; Cassey
et al., 2012). Furthermore, Moreno and Osorno (2003), Liu
and Cheng (2010), and Holveck et al. (2012) have reported
the protoporphyrin pigment to have a pro-oxidant effect.
The effect of eggshell colour on hatching results has
been investigated in previous research. In their study on
chicken eggs with brown, light brown, and creamy white
eggshell colour, Kumar et al. (2012) determined that
eggs with dark eggshell colour displayed higher fertility
and fertile-egg hatchability rates than those of eggs with
light eggshell colour. Hulet et al. (1978) demonstrated
that, in pheasant eggs, eggshell colour and hatchability
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were correlated with each other. Richards and Deeming
(2001) suggested that eggs with blue eggshell colour are
structurally defective eggs with a thin eggshell. These
researchers explained the low hatchability of blue coloured
eggs as being due to the high weight loss resulting from
their structural defection. In pheasant (ring-necked) eggs,
aiming to determine the effect of eggshell colour on egg
quality, hatching results, egg shape, and eggshell quality,
eggs were grouped as dark brown, light brown, olive, and
blue (Krystianiak et al., 2005; Kozuszek et al., 2009b;
Nowaczewski et al., 2011; Nowaczewski et al., 2013). In
an investigation conducted by Risti¢ et al. (2013) aiming
to determine the effects of eggshell colour on hatching
results, pheasant eggs were classified as dark brown,
light brown, brown-green, and blue-green. In research on
fertility, hatchability, embryonic mortality, malposition,
and egg quality traits in quail eggs, eggs were classified as
brown pigmented, black stained, white, spotted, and blue
pigmented, according to the eggshell colour (Taha, 2011).
The correlation between 12 eggshell pigmentation patterns
and breeder live weight, laying interval, mean egg weight,
and hatching results was investigated in quail eggs, on the
basis of region of interest (ROI) images (Fayeye et al., 2013).
In research carried out in quail eggs on the effect of eggshell
colour on various traits, eggs were classified as white, spotted
violet, and spotted brown (Farghly et al., 2015); and sienna,
rich brown, and chocolate (Idahor et al., 2015).

The direct measurement of embryo temperature,
which has a significant role in embryonic development, is
not possible. For this reason, eggshell temperature is used
as an indicator of embryo temperature (van der Pol et al.,
2013). The temperature of the developing embryo depends
on the temperature of the setter, heat transfer between the
embryo and the setter, and heat production by the embryo
(French, 1997).

This study aimed to determine the effect of eggshell
colour and spot properties (colour and size of spot area) on
eggshell temperature during incubation and hatching results
in eggs of Japanese quail (Coturnix coturnix japonica).

Table 1 - Distribution of eggs according to trial group (cm?)

Material and Methods

Hatching eggs, collected within a three-day period
from a private holding raising Japanese quails, constituted
the material of the study. The eggs underwent macroscopic
examination at the laboratory, and broken, cracked,
abnormally shaped, and soiled eggs were excluded from the
study. The experiment involved 1,062 eggs from 16-wk-old
Japanese quail (Coturnix coturnix japonica), which reached
95% egg production.

After being macroscopically examined prior to
incubation, the eggs constituting the study material were
allocated to five groups according to their eggshell and spot
colours, and were individually numbered. The size of the
spotted area was determined in each egg in all groups using
the digital image analysis method (Table 1). A mechanism
with a measurement scale was set up for the imaging
process. The individually numbered eggs were placed in
the mechanism and were imaged at an approximate distance
of 20 cm. Each egg was photographed from one side, and
then turned 180° to the other side to be photographed again
(Figures 1 and 2). A total of 4,248 (1,062 X 4) images were
taken and stored in a flash memory. Digital images were
analyzed using the UTHSCSA Image Tool software at the
laboratory of the Faculty of Engineering. The measurement
unit used for the size of the spotted area was cm?.

No photo-manipulation was made to the images stored
in the flash memory, prior to incubation. Digital images
were analyzed using the sharpest images. Egg length and
egg width were determined by digital image analysis, and
these values were used for the calculation of the egg shape
index (Figures 3 and 4). The formula given below was used
for the calculation of the egg shape index:

Egg shape index (%) = (Egg width/Egg length) x 100

Prior to incubation, all eggs included in each group
were individually weighed to determine egg initial weight.
The eggs were randomly placed in the setter with 3 repeats,
such that each tray provided for one repeat. In the setter, the
temperature was set at 37.6 °C and the relative humidity was

Spotted area values determined by digital image

Group Total

Spotted area-1 Spotted area-2 Total spotted area'
Black spots on greyish white coloured eggshell (1) 213 1.74+0.03d 1.20+0.05d 2.94+0.10d
Blue spots on greyish white coloured eggshell (II) 215 2.90+0.09¢ 1.98+0.07¢ 4.87+0.14¢
Diffuse brown spots on greyish brown coloured eggshell (IIT) 213 4.01+0.10a 3.39+0.10a 7.40+0.10a
Brown spots on light green coloured eggshell (IV) 210 3.62+0.10b 2.78+0.09b 6.41+0.17b
Small brown spots on greyish brown coloured eggshell (V) 210 1.08+0.05¢ 0.92+0.04¢ 2.00+0.09¢

! Sum of spotted area-1 and spotted area-2.

a-e - differences between mean values with different letters in the same column are statistically significant.
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adjusted to 60-65%. On day 14 of embryonic development,
individual compartments were established for the each egg
included in the same group, and the hatching period was
initiated by placing eggs of the same group in an individual
compartment. In the hatching machine, the temperature
was set at 37.2 °C and the relative humidity was adjusted
to 65-70%.

Egg weight loss was calculated using the initial egg
weight and the egg weights measured on days 10 and 14
of the incubation period. Egg weight measurements were
performed separately for each egg. The formulae used for
egg weight measurements are shown next:

Relative egg weight loss (%) =100 x (W — W )/W,),
in which W = initial egg weight; and W, = egg weight on
day of measurement.

On days 10 and 14 of embryonic development,
eggshell temperature was measured in all eggs included in

x =2460y = 1418 v =[84,156,142]; area = 0.49 cm*

Figure 1 - Measurement of the size of spotted area-1.

x =2020y =926 v=[138,144,164]; arca = 0.74 cm*

Figure 2 - Measurement of the size of spotted area-2.

each group at three different regions of the eggs, including
the pointed end, blunt end, and the centre. Measurements
were performed using a thermometer (Braun Thermoscan
meter). During the measurement of eggshell temperature,
the temperature of the room, where the setting machine
was placed, was set to a temperature equal to that of the
setter. Eggshell temperature was measured at the pointed
and blunt ends and centre of the eggs, and the arithmetic
mean of these three measurements was calculated as the
regional temperature (pointed end, blunt end, and centre)
of the eggshell. The average temperature of the whole egg
was calculated using the formula given below:

General eggshell temperature (°C) = (Average eggshell
temperature at pointed end + Average eggshell temperature
at centre + Average eggshell temperature at blunt end)/3

Eggshell thickness was calculated according to the
formula given below, using the egg weight.

X =2460y = 1418 v =[84,156,142]; area = 0.49 cm*

Figure 3 - Measurement of egg length.

x =2460y = 1418 v = [84,156,142]; area = 0.49 cm*

Figure 4 - Measurement of egg width.
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Eggshell thickness (mm) = 0.0546 x (Egg weight)®4*!
(Rahn and Paganelli, 1989).

The hatching weights of the chicks were determined
for all eggs included in each group. During these
measurements, the eggshell weight of each hatched egg
was also determined. In each group, the unhatched eggs
were separated for the determination of fertilization, and
fertilized eggs were examined for embryonic mortality
between days 0-6 of embryonic development (black eye and
conspicuous beak), days 6-17 of embryonic development
(embryo with feathers and embryo with yolk out), and days
17-18 of embryonic development (full-grown embryo dead
and with yolk subtracted and pipped eggs) (Aygun and
Sert, 2013). These data were used for the calculation of the
hatching results given below:

Fertility (%) = (Number of fertilized eggs/Number of
eggs placed in the setter) x 100

Hatchability of fertile eggs (%) = (Number of hatched
chicks/Number of fertilized eggs) x 100

Hatchability (%) = (Number of hatched chicks/Number
of eggs placed in the setter) x 100

Relative weight loss in unhatched eggs (%) = 100 x
(W, ~ W,)IW,),
in which W = initial egg weight; and W, = weight of
unhatched eggs.

The statistical analysis of the data was performed
using the SPSS software. The chi-square test was used
to determine the effect of the eggshell colour of hatching
eggs on hatchability, fertility, hatchability of fertile eggs,
and embryonic mortality during incubation. The other data
were compared using analysis of variance, and the groups
differing from each other were determined by Duncan’s
multiple comparison test.

Results

The eggs with the same eggshell colour (Groups I and
II and Groups III and V) demonstrated that egg weight
was higher in the groups with a larger size of spotted area
(P<0.001) (Table 2). Thus, of the groups with a greyish
white eggshell colour, Group I (a spotted area of 2.94 cm?)
presented an egg weight of 12.15 g, whilst Group II (a
spotted area of 4.87 cm?) presented an egg weight of
12.42 g. Similarly, of the groups with a greyish brown
eggshell colour, Group III (a spotted area of 7.40 cm?)
presented an egg weight of 12.35 g, whilst Group V (a spotted
area of 2.00 cm?) presented an egg weight of 11.98 g, and
thus displayed higher egg weight with larger spotted area.

Egg shape index values were highest in Groups I
(78.10%) and II (78.17%), and the difference between

these two groups was statistically insignificant. On the
other hand, egg shape index values were lowest in Groups
III (77.38%) and V (77.47%), which had a greyish brown
eggshell colour, and these two groups were determined to
significantly differ from each other (P<0.05).

The differences between groups for the relative
weight losses between days 0-10 and 0-14 of embryonic
development were statistically significant (P<0.05) (Table 3).
The mean relative weight losses of the groups between days
0-10 and 0-14 of embryonic development were determined

Table 2 - Properties of hatching eggs

Grou Initial egg Egg length Egg width  Shape index
P weight (g) (mm) (mm) (%)
1(2.94) 12.15+£0.07bc  32.88+0.09¢  25.65+0.06b  78.10+0.21a
11 (4.87) 12.42+0.07a  33.10+0.09bc 25.85+0.06a 78.17+0.21a
IIT (7.40)  12.35+0.08ab 33.42+0.11a 25.82+0.07ab 77.38+0.24b

IV (6.41)  12.29+0.07ab

33.32+0.11ab 25.81+0.06ab

77.60+0.26ab

V (2.00) 11.98+0.09c  32.94+0.11c  25.47+0.07c 77.47+0.26ab
General 12.24+0.03 33.13+0.05  25.72+0.03 77.74+0.11
F 5.469 5.155 6.237 2.487
P-value 0.000 0.000 0.000 0.042

a-c - differences between mean values with different letters in the same column are
statistically significant (P<0.05; P<0.001).
F - ANOVA; P-value - significance level (o = 0.05).

Table 3 - Relative weight loss during the incubation period (%)

Group Days 0-10 Days 10-14 Days 0-14
1(2.94) 7.13+0.38b 5.50+0.38 11.99+0.64abc
11 (4.87) 6.67+0.36b 4.9240.25 11.15+0.50¢
1T (7.40) 6.98+0.33b 5.39+0.31 11.85+0.53bc
1V (6.41) 7.69+0.45ab 6.07+0.36 13.03+0.65ab
V (2.00) 8.47+0.53a 5.98+0.36 13.70+0.70a
General 7.38+0.19 5.57+0.15 12.33+0.27
F 2.870 1.927 2.746
P-value 0.022 0.104 0.027
Hatched eggs
1(2.94) 5.65+0.30b 4.26+0.28b 9.58+0.49b
11 (4.87) 6.56+0.48ab 4.66+0.29ab 10.81+0.60ab
111 (7.40) 6.06+0.34b 4.15+0.14b 9.93+0.38b
1V (6.41) 5.83+0.23b 4.42+0.14ab 9.97+0.31b
V (2.00) 7.54+0.65a 5.16x0.41a 12.14+0.79a
General 4.76+0.19 4.53+0.12 10.48+0.24
F 3.121 2.184 3.538
P-value 0.015 0.069 0.007
Unhatched eggs
1(2.94) 9.25+0.76abc 7.29+0.80ab 15.44+1.29bc
11 (4.87) 6.91+0.53¢ 5.45+0.49b 11.83+0.90c
111 (7.40) 8.37+0.63bc 7.24+0.68ab 14.69+1.11bc
IV (6.41) 11.40+1.13a 9.35+0.91a 19.15+1.61a
V (2.00) 10.01+0.88ab 7.33+0.66ab 16.26+1.28ab
General 9.17+0.36 7.33+0.33 15.46+0.57
F 4.072 3.218 3.990
P-value 0.003 0.013 0.004

a-c - differences between mean values with different letters in the same column are
statistically significant (P<0.05; P<0.001).
F - ANOVA; P-value - significance level (o = 0.05).
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as 7.38% and 12.33%, respectively. Relative weight loss
between days 0-10 and 0-14 of embryonic development was
highest in Group V and lowest in Group II.

Mean relative weight losses of hatched eggs between
days 0-10 and 0-14 of embryonic development were 4.76%
and 10.48%, respectively. Throughout the investigated
periods, egg weight loss in the hatched eggs was highest in
Group V. The lowest relative weight losses were determined
in Group I between days 0-10 and 0-14 of embryonic
development.

In the unhatched eggs, mean relative weight losses
between days 0-10 and 0-14 of embryonic development
were 9.17% and 15.46%, respectively. Egg weight losses
between days 0-10 and 0-14 of embryonic development
were highest in Group IV (19.15%) and lowest in Group 11
(11.83%).

The mean eggshell temperature measured at the
equatorial region on days 10 and 14 during incubation in all
groups was 36.89 °C and 37.57 °C, respectively (Table 4) and
the differences between groups were statistically significant
(P<0.001). The lowest eggshell temperatures at equatorial
region on days 10 and 14 during embryonic development
were 35.92 °C in Group IV and 36.95 °C in Group III.

In the hatched eggs (Table 5), the mean eggshell
temperatures measured at the equatorial region on days
10 and 14 during embryonic development were 36.92 °C
and 37.79 °C, respectively. The differences between groups
were statistically significant (P<0.001).

Table 4 - Eggshell temperatures measured during the incubation period

In the unhatched eggs (Table 6), the equatorial
eggshell temperatures on days 10 and 14 during embryonic
development differed significantly between the groups
(P<0.001). The highest equatorial eggshell temperatures on
days 10 and 14 during the incubation period were 37.32 °C
in Group II and 37.68 °C in Group 1.

In the present study, the differences observed between
the groups for fertility rates, hatchability rates, and the
hatchability of fertile eggs were found to be statistically
insignificant (P>0.05) (Table 7). The highest fertility rate
was determined as 84.7% in Group II, whereas the lowest
fertility rate was determined as 79.2% in Group V. The
hatchability of fertile eggs was highest in Group I'V (82.6%),
followed by Groups V (77.8%), 11 (77.3%), 111 (74.7%), and
1(71.3%).

The effect of eggshell colour on embryonic mortality was
insignificant (P>0.05). Embryonic mortality between days
1-6 was highest in Group I (18.7%) and lowest in Group V
(9.5%). Embryonic mortality between days 7-17 was highest
in Groups V (10.8%) and followed by Groups III (9.4%),
I (7.6%), 11 (5.8%), and IV (5.6%). Embryonic mortality
ranged from 1.8% to 2.9% between days 17 and 18.

The shell weight of hatched eggs was higher in Groups
I (0.97 g) and I (0.95 g), which had the same eggshell
colour, than in other groups (Table 8). The chick weight/
egg weight ratio was highest in Groups I (70.55%) and V
(70.33%), followed by Groups IV (68.88%), I11 (68.80%),
and II (68.45%) (P<0.001).

Eggshell thickness N N . . Mean eggshell
Group n (mm) Blunt end (°C) Equatorial (°C) Pointed end (°C) temperature (°C)
Eggshell temperature on day 10
1(2.94) 202 0.159+0.00b 36.67+0.03¢ 36.61+0.04b 36.64+0.17b 36.64+0.07b
11 (4.87) 198 0.161+0.00a 37.30+0.04a 37.34+0.04a 37.51+0.04a 37.39+0.04a
111 (7.40) 201 0.160+0.00ab 37.11£0.06b 37.30+0.07a 37.38+0.06a 37.26+0.06a
1V (6.41) 198 0.159+0.00b 36.08+0.04d 35.92+0.04¢ 35.99+0.03¢ 36.00+0.04¢
V (2.00) 193 0.156+0.00c 37.17+0.06ab 37.30+0.07a 37.43+0.06a 37.30+0.06a
General 992 0.159+0.00 36.86+£0.03 36.89+0.03 36.99+0.05 36.91+£0.03
F 8.506 115.633 145.506 52.156 119.180
P-value 0.000 0.000 0.000 0.000 0.000
Eggshell temperature on day 14
1(2.94) 202 0.155+0.00b 37.50+0.03a 37.96+0.04a 37.91+0.03a 37.79+0.03a
11 (4.87) 198 0.157+0.00a 37.36+0.04b 37.73+0.05b 37.68+0.04b 37.59+0.04b
111 (7.40) 201 0.156+0.00ab 36.82+0.06d 36.95+0.07d 36.93+0.07d 36.90+0.06d
1V (6.41) 198 0.155+0.00b 37.31+0.04b 37.66+0.05bc 37.61+0.05bc 37.52+0.05b
V (2.00) 193 0.152+0.00c 37.14+0.03¢ 37.53+0.34¢ 37.51£0.03¢ 37.39+0.03¢
General 992 0.155+0.00 37.23+0.02 37.57+0.03 37.53+0.02 37.44+0.02
F 6.968 46.155 59.265 63.862 59.912
P-value 0.000 0.000 0.000 0.000 0.000

a-d - differences between mean values with different letters in the same column are statistically significant (P<0.001).

F - ANOVA; P-value - significance level (o = 0.05).
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Table 5 - Eggshell temperatures measured during the incubation period (hatched eggs)

Eggshell thickness o e . . Mean eggshell
Group n (mm) Blunt end (°C) Equatorial (°C) Pointed end (°C) temperature (°C)
Eggshell temperature on day 10
1(2.94) 119 0.160+0.00a 36.67+0.05¢ 36.62+0.05b 36.34+0.029b 36.61+0.10b
1I (4.87) 132 0.161+0.00a 37.34+0.04a 37.3540.05a 37.53+0.05a 37.41+0.05a
111 (7.40) 120 0.161+0.00a 37.17+0.07b 37.3240.08a 37.40+0.08a 37.29+0.08a
1V (6.41) 132 0.161+0.00a 36.13+0.04d 35.97+0.05¢ 36.04+0.05¢ 36.05+0.04¢
V (2.00) 120 0.158+0.00b 37.29+0.08ab 37.39+0.08a 37.52+0.09a 37.40+0.08a
General 623 0.160+0.00 36.91+0.03 36.92+0.04 37.00+0.07 36.94+0.04
F 4.258 83.322 99.844 25.764 73.979
P-value 0.002 0.000 0.000 0.000 0.000
Eggshell temperature on day 14
1(2.94) 119 0.157+0.00a 37.60+0.03a 38.16+0.05a 38.01+0.04a 37.92+0.04a
1I (4.87) 132 0.157+0.00a 37.51+0.04ab 37.96+0.05b 37.85+0.04b 37.77+0.04b
11 (7.40) 120 0.158+0.00a 37.00+0.07d 37.19+0.08d 37.14+0.07d 37.11£0.07d
IV (6.41) 132 0.158+0.00a 37.46+0.04b 37.90+0.06b 37.80+0.05b 37.72+0.05b
V (2.00) 120 0.154+0.00b 37.26+0.03¢ 37.74+0.04¢ 37.64+0.03¢ 37.54+0.03¢
General 623 0.157+0.00 37.37+0.02 37.79+0.03 37.69+0.03 37.62+0.02
F 4.612 28.662 42.406 42.605 40.239
P-value 0.001 0.000 0.000 0.000 0.000
a-d - differences between mean values with different letters in the same column are statistically significant (P<0.001).
F - ANOVA; P-value - significance level (o = 0.05).
Table 6 - Eggshell temperatures measured during the incubation period (unhatched eggs)
Eggshell thickness N N . . Mean eggshell
Group n (mm) Blunt end (°C) Equatorial (°C) Pointed end (°C) temperature (°C)
Eggshell temperature on day 10
1(2.94) 83 0.157+0.00bc 36.68+0.05¢ 36.59+0.07b 36.78+0.08b 36.68+0.06b
1I (4.87) 66 0.161£0.00a 37.214£0.07a 37.3240.08a 37.47+0.07a 37.34+0.07a
111 (7.40) 81 0.159+0.00ab 37.01+0.09ab 37.27+0.10a 37.34+0.10a 37.20+0.10a
1V (6.41) 66 0.155+0.00¢ 35.98+0.08d 35.81+0.08¢c 35.90+0.08¢ 35.90+0.08¢
V (2.00) 73 0.154+0.00c 36.98+0.10b 37.15+0.11a 37.29+0.10a 37.14+0.10a
General 369 0.157+0.00 36.78+0.04 36.84+0.05 36.97+0.05 36.86+0.05
F 7.695 36.204 48.170 50.498 47.666
P-value 0.000 0.000 0.000 0.000 0.000
Eggshell temperature on day 14
1(2.94) 83 0.152+0.00bc 37,35+0.04a 37.68+0.05a 37.77+0.05a 37.60+0.04a
1I (4.87) 66 0.157+0.00a 37.04+0.05b 37.27+0.07b 37.36+0.08b 37.22+0.06b
11 (7.40) 81 0.154+0.00ab 36.56+0.09¢ 36.59+0.11¢ 36.62+0.12¢ 36.59+0.11¢
IV (6.41) 66 0.149+0.00c 37.09+0.06b 37.16+0.08b 37.21+0.08b 37.12+0.07b
V (2.00) 73 0.149+0.00c 36.94+0.04b 37.20+0.05b 37.30+0.05b 37.15+0.04b
General 369 0.152+0.00 36.98+0.03 37.18+0.04 37.25+0.04 37.14+0.04
F 6.310 23.418 28.728 29.351 29.158
P-value 0.000 0.000 0.000 0.000 0.000

a-c - differences between mean values with different letters in the same column are statistically significant (P<0.001).

F - ANOVA; P-value - significance level (o = 0.05).

Discussion

The demonstration of eggshell colour having an effect
on egg weight, egg length, and egg width in the present
study was in agreement with the report of Taha (2011),
indicating eggshell colour to have a significant effect on
egg weight, egg length, and egg width in quails (Table 2).
Egg weight and egg width values were determined to be
highest in the blue spotted eggs and lowest in the black

spotted eggs. Taha (2011) reported that egg weight, egg
length, and egg width were higher in black spotted eggs
when compared with blue spotted eggs. The different
results obtained in these studies are attributed to differences
in the trial groups established. In another study carried out
in quails (Farghly et al., 2015), eggshell colour (white,
spotted violet, spotted brown) was reported to have no
effect on egg weight. Other studies conducted in different
avian species suggest that eggshell colour has an effect
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Table 7 - Effect of egg shape index on hatching parameters (%)

Group Fertility Hatchability rate of Hatchability

rate fertile eggs rate
1(2.94) 82.2 71.3 58.7
1I (4.87) 84.7 773 65.5
111 (7.40) 80.2 74.7 59.9
1V (6.41) 80.5 82.6 66.5
V (2.00) 79.2 77.8 62.1
X2 2.227 6.418 4.087
P-value 0.694 0.170 0.394
Embryonic mortality (% of fertile eggs)
Group Days 1-6 Days 7-17 Days 17-18
1(2.94) 18.7 7.6 2.3
11 (4.87) 14.0 5.8 2.9
111 (7.40) 14.1 9.4 1.8
1V (6.41) 9.9 5.6 1.9
V (2.00) 9.5 10.8 1.9
X? 8.049 4.577 0.723
P-value 0.090 0.333 0.949

X2 - Pearson Chi Square; P-value - significance level (a = 0.05).

Table 8 - Properties of hatched eggs and chick weight percentage

Group Initial egg Eggshell  Chick hatching Chick
weight (g) weight (g) weight (g) weight (%)
1(2.94) 12.21£0.09ab  0.95+0.01ab  8.61+0.08  70.55+0.41a
11 (4.87) 12.41+0.09a  0.97+0.01a 8.50+0.08  68.45+0.37b
11 (7.40)  12.31+£0.09a  0.93+0.01bc ~ 8.47+0.08  68.80+0.35b
IV (6.41)  12.35+0.09a  0.91+0.01c 8.50+0.07  68.88+0.38b
V (2.00) 11.99+0.10b  0.90+0.01c 8.43+0.08  70.33+0.43a
General 12.26+0.04 0.93+0.01 8.50+0.04 69.37+0.18
F 3.108 6.388 0.719 6.148
P-value 0.015 0.000 0.579 0.000

a-c - differences between mean values with different letters in the same column are
statistically significant (P<0.05; P<0.001).
F - ANOVA; P-value - significance level (o = 0.05).

on egg weight. In research conducted on pheasant eggs of
varying eggshell colour (Kirikcr et al., 2005; Kozuszek
et al., 2009a), eggshell colour was determined to have
a significant effect on egg weight. On the other hand,
Kozuszek et al. (2009b) and Nowaczewski et al. (2013)
reported that the impact of eggshell colour on egg weight
was statistically insignificant. While reports by Shafey et al.
(2004) and Shafey et al. (2005) suggest that the effect of the
pigment density of brown chicken eggs on egg weight is
statistically insignificant, Yang et al. (2009) suggested the
effect of pigment density to be significant.

In the present study, while egg shape index was the
same in blue spotted (Group II, 78.17%) and black spotted
(Group I, 78.10%) eggs of the same eggshell colour,
the differences observed between these two groups and
the brown spotted groups (Groups III, IV and V) were
statistically significant. This result, suggesting egg shape
index to vary with spot colour, disagrees with the reports
of Taha (2011) and Farghyl et al. (2015) suggesting egg
shape index not to vary with eggshell colour. In the present

study, egg shape index values were highest in the blue
coloured eggs, whilst Taha (2011) and Farghyl et al. (2015)
reported these values to be highest in brown and spotted
violet quail eggs. While Kirikei et al. (2005) and Kozuszek
et al. (2009b) reported that eggshell colour had a significant
effect on egg shape index in pheasants, Nowaczewski et al.
(2013) suggested that egg shape index did not vary with
eggshell colour.

Egg weight loss during the incubation period is a major
parameter, which affects hatching results. In the present study,
the highest egg weight loss between days 0-14 of embryonic
development was determined at 13.70% in Group V,
whilst the lowest loss that occurred in the same period was
determined at 11.15% in Group II. This difference observed
between the groups for egg weight loss was attributed to
the eggs included in Group V having a thinner eggshell
and a spotted area of smaller size, and the eggs included
in Group II having a thicker eggshell and a spotted area of
medium size. These results are in support of the reports of
Ar et al. (1974) and Rahn and Ar (1974) suggesting that
eggs with a thicker eggshell have lower gas permeability.
In an investigation carried out in meat-type and egg-type
quails, Romao et al. (2008) reported egg weight losses in
the embryonic development period to have occurred at the
rates of 8.27 and 9.31%, respectively. Furthermore, egg
weight loss during incubation was reported as 9.72% in
meat-type Pharaoh quails (Genchev, 2009). In another study
conducted by Nowaczewski (2010) in groups of varying egg
weight (small: 10.5 g, medium: 10.51-11.50 g, large: 11.51-
12.50 g, and extra large: 12.51 g), egg weight losses were
reported to have occurred at the rates of 11.0, 10.4, 9.9,
and 9.5%, respectively, between days 0-15 of embryonic
development. In an investigation on the effects of varying
propolis concentrations and storage periods on microbial
load and hatching results in hatching quail eggs, Aygun and
Sert(2013) reported egg weight loss to have occurred atarate
0f 10.59% between days 0-14 of embryonic development in
the control group. Nowaczewski et al. (2012) reported the
weight loss (0-14 days of embryonic development) of quail
eggs at the upper levels in the setter at 9.07% (P>0.05).
In another study on the effect of eggshell colour in quail
eggs (Farghly et al., 2015), weight loss was reported as
15.70% in eggs with white coloured eggshell, 15.42% in
eggs with spotted brown eggshell, and 14.04% in eggs with
spotted violet eggshell. The weight losses determined in the
present study are higher than those reported for quail eggs
by Romao et al. (2008), Genchev (2009), Nowaczewski
et al. (2010), Nowaczewski et al. (2012), and Aygun and
Sert (2013) and lower than those reported by Farghly et al.
(2015). The differences between the results of these studies
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were attributed to the use of hatching eggs from animals
of varying genotypes and ages, the use of different setters
for embryonic development, and different environmental
conditions having been adjusted in the setters.

In the present study, weight losses that occurred between
days 0-14 of embryonic development in the hatched eggs
with a greyish white eggshell colour were determined as
9.58% in Group I and 10.81% in Group II. Weight losses
that occurred in the same period in the eggs with a greyish
brown eggshell colour were determined as 12.14% in
Group V and 9.93% in Group III (P<0.05) (Table 3). These
values demonstrated that, in Groups III and V, egg weight
loss had decreased with an increased size of spotted areca
on the same eggshell background colour. This result was in
agreement with that reported by Higham and Gosler (2006)
for eggs of tit (Parus major) suggesting an increased
spotted area of hatched eggs to be associated with increased
resistance of the eggshell to breakage and decreased
eggshell permeability. However, the results obtained in
Groups I and II, which included eggs of the same eggshell
colour, differed from those reported by Higham and Gosler
(2006). In the present study, the eggs included in Group I
being black spotted and the eggs included in Group II
being blue spotted demonstrated that egg weight loss was
affected by spot colour rather than by the size of the spotted
area. Furthermore, in an investigation on eggs of Houbara
bustard (Chlamydotis undulata macqueennii), Baggott et al.
(2002) reported that light and very light coloured eggs
had a thinner eggshell with a greater number of pores and
greater water permeability, when compared with medium-
coloured and dark coloured eggs.

Fertility rates having been determined not to differ
with eggshell colour were in agreement with the report
of Hassan et al. (2013) suggesting light, dotted, spotted,
and dark eggshell colour not to have any effect on fertility,
but diverged from the results of Taha (2011) suggesting
that fertility varied among eggs with black, blue, brown,
spotted, and white eggshell colour. In research carried out
in pheasant eggs, while Hulet et al. (1985) reported that
olive, dark brown, grey-white, tan, and blue eggshell colour
had no effect on fertility rate, Krystianiak et al. (2005) and
Kozuszek et al. (2009a) reported that fertility rate varied
with dark brown, light brown, olive, and blue eggshell
colour.

In the present study, the effect of eggshell colour on
hatchability and the hatchability of fertile eggs having been
determined to be statistically insignificant was in agreement
with the report of Fayeye et al. (2013) suggesting that
pigment density has no effect on the hatchability of fertile
eggs in quails. On the other hand, the results obtained

for hatchability and the hatchability of fertile eggs in the
present study diverged from those reported by Farghly et al.
(2015) and Hassan et al. (2013) suggesting eggshell colour
to have an effect on both hatchability and hatchability of
fertile eggs. In research conducted by Hulet et al. (1985)
and Richards and Deeming (2001) on pheasant eggs, it was
ascertained that blue and tan coloured eggs had a thinner
eggshell and presented a lower hatchability, in comparison
with green, dark brown, and grey/white eggs. Furthermore,
Kozuszek et al. (2009a) reported that the hatchability of
fertile eggs was lower in blue eggs compared with dark
brown eggs.

In the present study, it was determined that the effect
of eggshell colour on embryonic mortality was statistically
insignificant, which was in agreement with the report of
Farghly et al. (2015) suggesting that in white, spotted
violet, and spotted brown quail eggs, eggshell colour had no
effect on embryonic mortality. On the contrary, Taha (2011)
and Hassan et al. (2013) reported that eggshell colour has
an impact on embryonic mortality rates. In their research on
pheasant eggs, Hulet et al. (1985) and Risti¢ et al. (2013)
determined that eggshell colour had no effect on embryonic
mortality.

The mean eggshell temperatures measured at the
equatorial region of the eggs on days 10 and 14 of
embryonic development, in all of the eggs incubated in
the present study, were 36.89 and 37.57 °C, respectively,
and were found to be approximately 0.7 and 0.3 °C lower
than the temperature of the incubator, respectively (Table 4).
These results are in support of the results reported by
French (1997) suggesting that during early embryonic
development, embryo temperature is lower than the
temperature of the incubator due to evaporative cooling.
Nowaczewski et al. (2012) determined that, in quail eggs,
while eggshell temperature increased between days 2-12
of incubation, it decreased on the 14th day of incubation.
The results of the present study, which demonstrated that
the eggshell temperatures measured until days 10 and 14 of
incubation were lower than the fixed incubator temperature,
are in agreement with the results reported by Nowaczewski
et al. (2012) for eggshell temperature change on day 14 of
incubation. In a study carried out in chicken eggs, Romijn
and Lokhorst (1956) determined that eggshell temperature
was 0.2-0.1 °C lower than the temperature of the setter
(38.0 °C) during the first half of the incubation period, but
was higher than the setter temperature during the second
half of the incubation period.

Chick hatching weight, which is described as a certain
percentage of the weight of an egg that has undergone
incubation, has been extensively studied in several studies.

R. Bras. Zootec., 45(5):219-229, 2016



The impact of eggshell colour and spot area in Japanese quails: |. eggshell temperature during incubation and hatching results 227

While the chick weight/egg weight ratio determined in the
present study (69.37%) (Table 8) fell within the range
(62-78%) reported by Wilson (1991) for chickens, it
was higher than the ratios reported for turkeys (63.5%),
ducks (57.8%), geese (58.9%), and pheasants (61.9%)
(Shanaway, 1987). Furthermore, the results obtained for
chick weight/egg weight ratio in the present study were
in agreement with those reported by Uddin (1994) for
quail eggs suggesting the chick weight percentage of
small (8.59 g), medium (9.52 g), and large (10.56 g)
eggs to be 68.77, 70.28, and 69.64%, respectively. The
results obtained in the present study were also in agreement
with those reported by Moraes et al. (2008) (69.90%) and
Genchev (2009) (70.84%). These results were also similar
to those reported by Sadeghi et al. (2013) indicating the
chick weight percentage of eggs weighing 14.19, 12.02, and
10.20 g to be 76.4, 74.8, and 70.5%, respectively. The mean
chick weight/egg weight ratio determined in the present
study was higher than the ratios reported by Islam et al.
(2014) as 62.68, 62.85, 58.23, and 46.35% for Japanese,
white, brown, and black quails, respectively.

In the present study, in Groups I and II, which were
of the same eggshell colour, chick weight/egg weight ratio
was higher in Group I (70.55%) than Group II (68.45%).
This difference was attributed to differences in eggshell
weight. Eggshell weight was greater in Group II (0.97 g) in
comparison with Group I (0.95 g). Similarly, in Groups III
and V, which were of the same eggshell colour, the group
with a higher eggshell weight presented a lower chick
weight/egg weight ratio. Hassan et al. (2013) determined
that in light coloured (66.51%), dotted (68.73%), spotted
(68.62%), and dark coloured (66.51%) quail eggs stored
at room temperature, eggshell colour and egg shape had
a significant effect on chick weight (%). Similarly, in the
present study, it was determined that in the groups of the
same eggshell colour (Groups I/II and Groups I11/V), the
chick weight/egg weight ratio was lower in the eggs with
a larger spotted area, such that this ratio was 70.55, 68.45,
68.80, and 70.33% in Groups I, II, IIT and V, respectively.

In the present study, while egg shape index did not
differ with spot colour in eggs of the same eggshell colour,
it differed with the size of the spotted area in eggs of the
same eggshell and spot colour. Egg weight loss between
days 0-14 of incubation decreased with an increased
spotted area in eggs of the same eggshell colour. Fertility,
hatchability of fertile eggs, and hatchability and embryonic
mortality rates did not vary with eggshell colour or the
size of the spotted area. Eggshell temperatures measured
on days 10 (36.89 °C) and 14 (37.57 °C) of embryonic
development were lower than the fixed temperature of the

incubator (37.6 °C). Chick weight/egg weight ratios varied
with eggshell weight in the groups with the same eggshell
colour.

Conclusions

Fertility, hatchability of fertile eggs, and hatchability
and embryonic mortality rates do not vary in relation to
eggshell colour or the size of the spotted area.
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